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ABSTRACT

The influence of dried fruit of goji berry (GB) (Lycium chinense), butternut pumpkin powder (PP)
(Cucurbita moschata) and rose petal extract (RPE) (Rosa damascena Mill) on lipid and protein
oxidation in sausages with 1/2 reduced nitrite content was studied. The sausages were produced with
0.05 g/kg sodium nitrite, and 5 or 10 g/kg dried goji berry fruits resp. pumpkin powder and 0.05 or 0.1
% rose petal extract. The controls with 0.05 or 0.10 g/kg sodium nitrite only were used. In comparison
with control samples C, on 6th d of storage statistically significant (p < 0.05) reduction of total protein
carbonyls in samples 0.05% RPE, 0.1% RPE, 0.5 % and 1% GB (50,58%, 50,00%, 44,00% un 46,15%
resp.) was detected. The addition of 0.5% and 1% pumpkin powder showed weak antioxidant activity,
but the addition of 0.05% to 0.1% rose petal extract or 0.5 to 1.0% goji berry effectively inhibit the
protein hydrolysis and oxidation, lipolysis, and lipid oxidation (p < 0.05) and can be used successfully
as additives for development new functional sausages with halfway reduced nitrites content.
Keywords: functional meat products, rose petal extract, goji berry, lipid and protein oxidation, reduced
nitrite content

INTRODUCTION

In the last years much attention has been paid to develop new meat products which may
prevent the risk of diseases (Zhang et al. 2010). It is known that foods with tertiary function
has anticarcinogenic, antimutagenic, antioxidative activity and antiaging activity (Dentali,
2002).

Numerous studies have tried to demonstrate the possibility of changing the image of meat
products from traditionally accepted to one of healthy living thanks by the addition of
vegetables, extracts, and fibers, elimination of fats, and reduction of additives (Fernandez-
Ginés et al. 2005). Recent innovations in the meat industry are based on either reducing the
content of unhealthy substances i.e. less added nitrate and nitrite (Toldra, 2011).

A pumpkin is a well-known traditional food, which antioxidant, antidiabetic, anticarcinogenic,
antiinflammatory (Yadav et al., 2010), and antihypercholesterolemia properties (Adaramoye
et al., 2007). Pumpkin contents alkaloids, flavonoids, palmitic, oleic and linoleic acids (Yadav
et al., 2010), carotenoids of which more than 80% [3-carotene, and less amounts of lutein,
lycopene, a-carotene and cis-B-carotene content (Seo et al., 2005).

Antioxidant properties of goji berry fruits improves neurological/psychological performance
and gastrointestinal functions (Seeram, 2008). It shows hepatoprotective, antdiabetic and
anticancer effect (Amagase and Farnsworth, 2011).

Rose petal extract, as by-product of rose oil (Rosa damascena Mill) processing is disposal
problem for the food industry, but on the other hand is promising source of polyphenols
(Kammerer et al., 2005) with antioxidant (Wang et al., 2006) and antibacterial activity (Ozkan
et al.,, 2004). Moreover, strategies for the exploatation of polyphenol-rich extracts as


http://www.sciencedirect.com/science/article/pii/S0309174010001506
http://www.sciencedirect.com/science/article/pii/S0924224411001580
http://www.sciencedirect.com/science/article/pii/S0021967304018473
http://pubs.acs.org/action/doSearch?action=search&author=Seeram%2C+N+P&qsSearchArea=author
http://www.sciencedirect.com/science/article/pii/S0963996911001840
http://www.sciencedirect.com/science/article/pii/S0963996911001840

Il International Congress “Food Technology, Quality and Safety”

functional (Larrosa et al., 2002) or technological (lvanov et al., 2009) food additives have
been proposed.

In the available literature there are no reports of application of butternut pumpkin powder
(Cucurbita moschata) (PP), dried fruits goji berry (Lycium chinense) or rose petal extract
(Rosa damascena Mill) (RPE) during sausages production.

Therefore the purpose of this study was to identify the technological capabilities for
developing of new functional cooked sausages with half reduced nitrite content, by
enrichment with butternut pumpkin polder, dried fruits goji berry or rose petal extracts.

MATERIAL AND METHODS

Meat raw materials

The chilled to 0 — 4°C beef (pH 6.60) and pork (pH 6.55) were used in this experiment. The
beef and pork meat were supplied by the company Kartevi brother’s Ltd, village Benkovski,
district Plovdiv, Bulgaria.

Other ingredients and additives

The sodium chloride (salt), sodium tripolyphosphates (STPP, E451), sodium nitrite (E250),
fresh goji berry (Lycium chinense) fruits and butternut pumpkin (Cucurbita moschata) were
bought from the local market.

The goji berry fruits were dried in the Department of Processes and Apparatus from
University of Food Technologies, Plovdiv, Bulgaria. The dry fruits were grinded before use.
The butternut pumpkin was cleaned of peel and seeds, shredded into small particles and
dried in a spray dryer in the Department of Heat Engineering from University of Food
Technologies, Plovdiv, Bulgaria.

The rose petal extract (Rosa damascena Mill) was produced in the Department of Food
Preservation and Refrigeration Technology, Technological Faculty, University of Food
Technology, Plovdiv, Bulgaria.

Sample preparation

Sausages were manufactured by traditional technological process following the requirements
of Bulgarian Government Standard (BGS 127-83) (Table 1). The meat pieces were mixed
with salt and phosphates on blender. The filling mass was prepared by cutter adding the
flake ice and, NaNO,. The prepared filling mass was separated of eight equal portions and
was filled in moisture and gases no-permeable five-layer polymer casings. The sausages
were cooked to an internal temperature of 72°C and chilled in cold water. The experiments
were produced with 6 samples - GB1 (containing 5 g/kg dried fruits of goji bery), GB2
(containing 10 g/kg dried fruits of goji bery), P1 (containing 5 g/kg pumpkin powder), P2
(containing 10 g/kg pumpkin powder), RPE1 (containing 0,05% rose petal extract), RPE2
(containing 0.1% rose petal extract). The controls with 0,1 or 0,05 g/kg sodium nitrite only
were used. First half of the samples was immediately studded (1d), and the second half was
stored 6 day at O - 4°C (6d). The samples were obtained according ISO 3100-1:1991.

Determination of the degree of lipolysis by acid value
As a standard of the rate of lipolysis, the acid value (AV) of the extracted lipids was
measured following EN ISO 660:2001 procedure (Kardash and Tur’'yan 2005).

Determination of degree of lipid oxidation by 2-thiobarbituric acid reactive substances
TBARS were determined by the method described by Botsoglou et al. (1994). The duble
beam UV-VIS spectrophotometer Camspec model M550 (Camspec Ltd, Kembridge, UK)
was used.

Determination of free amino nitrogen
The FAN in samples was determined by method described Lorenzo et al. (2008).



Il International Congress “Food Technology, Quality and Safety”

Table 1. Formulation of different samples functional cooked sausages

Samples
Ingredients
C Cl1/2 | GB1 GB2 P1 P2 RPE1 | RPE2
Beef topside, g/kg 500 500 500 500 500 500 500 500
Pork chest, g/kg 500 200 200 200 200 200 200 200
Sodium chloride, g/kg 20 20 20 20 20 20 20 20
Sodium nitrite, g/kg 0,1 0,05 0,05 0,05 0,05 | 0,05 | 0,05 0,05
Dried fruits of goji berry, g/kg - - 5 10 - - - -
Pumpkin powder, g/kg - - - - 5 10 - -
Rose petal extract (%) - - - - - - 0.05 0.1
Sodium polyphosphates, g/kg 2 2 2 2 2 2 2 2
Flake ice, g/kg 200 200 200 200 200 200 200 200

Determination of total protein carbonyls

A protein oxidation was measured by estimation of carbonyl groups formed with some
modifications. Protein concentration was calculated at 280 nm in the HCI control using BSA
in 6 M guanidine as standard. Carbonyl concentration was measured on the treated sample
by measuring DNPH incorporated on the basis of an absorption of 21.0 mM-1cm-1 at 370 nm
for protein hydrazones. The results were expressed as nanomoles of DNPH fixed per
milligram of protein (Merciera et al. 2004)

Statistical analysis

The data of different samples were analyzed independently by SAS software (SAS Institute,
Inc. 1990). The Student-Newman-Keuls multiple range test was used to compare differences
among means. Mean values and standard errors of the mean were reported. Significance of
differences was defined at p < 0.05.

RESULTS AND DISCUSSION

Hydrolytic changes in total lipids set by the indicator acid value (AV)

During the 6d of storage at 0 - 4 ° C statistical significant increases (p < 0.05) of AV at control
samples C and C1/2 and samples P1 and P2 was established (Fig.1).

On the other hand, a minimal decrease (p>0.05) in AV was established in samples enriched
with rose petal extract and dried fruits of goji berry. In this samples (RPE1, RPE2, GB1 and
GB2) on the first and six day of the experiment the changes in AV were no statistically
significant (p > 0.05) different. On the 6 day TBARS in RPE1 and RPE2 was approx. 2 times
lower compared to control sample C (Fig.1).
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Figure 1. Changes in acid value of studied sausages

Changes to the content of the secondary products of lipid oxidation in examined

samples set by the indicator TBARS
During the 6d of storage at 0 - 4 °© C the increase of TBARS at control samples C and C1/2

and samples P1 (Fig.2) with 11.7%, 9.0% and 4% resp. was established. After addition of 1%
dried goji berry no statistical difference (p>0.05) in TBARS at first and six day was found. In
contrast, in the samples with rose petal extract (RPE1 and RPE2) the opposite changes
occur and during the storage period TBARS decreased with 11.9%.
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Figure 2. Changes in TBARS of studied sausages

Probably due to higher antioxidant activity the addition of 0.5% or 1.0% goji berry (Lycium
barbarum) and 0.05% or 0.1% rose petal extract (Rosa damascene Mill) has been proved to
be more effective for lipid oxidation inhibition in comparison with the pumpkin powder.

The addition of butternut pumpkin powder (Cucurbita moschata) was not appropriate for
inhibition of hydrolytic and oxidative changes in total lipids of studied cooked sausages with

half nitrite content.

Changes in protein oxidation
In comparison with control sample C, a statistically significant (p < 0.05) reduction of total

protein carbonyls on 6 d of storage at both 0.5 and 1 g/kg goji berry and 0.05% or 0.1% rose
petal extract addition was determined (Fig. 3). The reduction of total protein carbonyls in
samples RPE1, RPE2, GB1 and GB2 was with 50,58%, 50,00%, 44,00% wn 46,15% resp.

The conclusion was made that addition of 0.05% to 0.1% RPE or 0.5% to 1.0% goji berry can
be used for effective inhibition of protein oxidation in the studied cooked sausages. The
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enrichment of cooked sausages with halfway reduced amounts of nitrites with butternut
pumpkin powder (Cucurbita moschata) was not appropriate for inhibition of protein oxidation.
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Figure 3. Protein oxidation of studied sausages

Degree of proteolysis

On the 1d of the experiment the highest free amino groups (FAN) contents (used as indicator
of degree of proteolysis) was found at samples P1, C1/2 and C, and the lowest in samples
with 0.5% and 1% dry fruits goji berry (Fig. 4). At the 6 d of storage at 0 - 4°C no statistically
significant (p >0.05) difference of FAN content at all examined samples was established (Fig.
4). Pumpkin polder, dried fruits goji berry and rose petal extracts can be used for inhibition of
proteolitical changes during production of cooked sausages with half nitrite content.
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Figure 4. Free amino groups (FAN) contents of studied sausages

CONCLUSIONS

The addition of 0.5% and 1% pumpkin powder showed weak antioxidant activity, but the
addition of 0.05% to 0.1% rose petal extract and 0.5 to 1.0% goji berry effectively inhibit the
protein hydrolysis and oxidation, lipolysis, and lipid oxidation (p < 0.05) and can be used as
additives for development new functional cooked sausages with halfway reduced nitrites
content. Future experiments will be need for future optimization of the formulation new
functional cooked sausages.
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ABSTRACT

Sliced dry meat products can be contaminated with hepatitis A virus (HAV) during slicing. This is due
to deficient hygienic practices (dirty hands and fingernails and/or the inability to wash hands
appropriately) since HAV infection is acquired primarily by the fecal-oral route by either person-to-
person contact or ingestion of contaminated food or water. HAV infection dose in humans is 10-100
viral copies.

In this paper we evaluated HAV detection in artificially contaminated sliced ham using molecular
approach. Sliced ham samples were gamma irradiated with 25 kGy Cobalt-60. Afterwards, these were
contaminated with ten-fold dilution of respective aqueous solution of HAV (certified reference material
at 4,8x104 viral copies per mL) and let stand until full absorption. Virus elution has been performed by
PEG/NaCl precipitation whereas extraction of viral RNA was completed using Trizol/Chloroform
method. Reverse transcription and one-step qPCR (RT-qPCR) were used to detect cDNA of HAV’s
RNA.

Repeatability studies demonstrated that average HAV recovery rate from contaminated ham was 46%.
Furthermore, RT-qPCR despite being able to detect 100 copies of viral RNA “in vitro” was found to
have a LOD50% at 211 viral copies per gram while LOD95% 554 viral copies per gram.

The results of this study show that the detection of HAV in meat products is challenging, and more
efforts to improve elution methods are still needed to detect HAVs in meat products containing viruses
in low copies.

Keywords: hepatitis A, detection, ham

INTRODUCTION

Hepatitis A virus (HAV), a single stranded RNA virus, is one of the main causes of acute
hepatitis. HAV is primarily propagated by the fecal—oral route, through person-to-person
contact, or by ingestion of contaminated food or water. In approximately 50% of hepatitis A
cases, the infectious source remains unidentified (Fiore et al., 2006). Up to 3% of reported
cases are identified as a part of recognized foodborne outbreaks, though a significant
percentage of sporadic cases might be foodborne (Fiore, 2004).

Contrasting to most food-borne bacteria, viruses cannot grow in the environment since they
need specific host cells to replicate (Koopmans and Duizer, 2004). HAV virus isunenveloped,
as such it is highly resistant to environmental stress factors like heat, pH, drying, UV
exposure (Baert et al.,, 2009 and Vasickova et al., 2010),makingit infective in foods for
periods from 2 days up to 1 month (Bidawid et al., 2001, Hewitt and Greening, 2004 Butot et
al., 2008, and McCaustland et al., 1982).

The majority of foodborne HAV outbreaks occur at retail when food is contaminated due to
poor hygienic practices at infected food handler (dirty hands and fingernails and/or the
inability to wash hands appropriately) but food contamination prior to retail distribution have
also been described.The fatality rate in HAV infections is lower than 0,1%, although recent
HAV outbreaks tend to be more severe (Kanda et al.,, 2002), e.g. the recent outbreak
associated with the ingestion of contaminated green onions in Pennsylvania which caused
mortality in three among 601 cases (Wheeler et al., 2005).

Furthermore, HAV has very low infectious doses of 10-100 infectious viral particles (Teunis
et al., 2008). Therefore sensitive methods are needed forscreening of food-borne viruses’
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presence in food products.Detection of this virus in foodwas currently performed
usingmolecular methods.

Aim of this study was to evaluate HAV detection in artificially contaminated sliced ham using
molecular approach.

MATERIAL AND METHODS

Virus - Certified reference material (PHE, UK) of HAV (4,8x10* viral copies per lenticule) was
reconstituted according to the manufacturers instruction.

Samples - Sliced pork ham samples were gamma irradiated with 25 kGy Cobalt-60 in order
to sterilize samples and generate controlled model.Afterwards, each of 25 g samplewas
contaminated with 1 mL of ten-fold dilution of respective aqueous solution of HAV and leftat
room temperature for 20 min until totally dried.

Virus detection - Virus elution has been performed by alkaline/PEG/NaCl precipitation
whereas extraction of viral RNA was completed using Trizol/Chloroform methoddescribed by
Chomczynski and Sacchi (1987) (Life Technologies, Rockville, USA) followed by RNA
purification using RNeasy Mini Kit (Qiagen, Germany). Reverse transcription was carried out
at 42°C for 1 h with random primer (Life Technologies, USA) and using Moloney murine
leukemia virus reverse transcriptase (Life Technologies, USA).Detection of HAV’scDNA was
achieved using Brilliant 11l UltraFast SYBR Green Master Mix (Agilent, USA). The primers
were identified using the Primer Express program, forward primer 5'-
TCACCGCCGTTTGCCTAG -3' and reverse primer 5-GGAGAGCCCTGGAAGAAAG -3'. All
PCR reactions were carried out using the Stratagene Mx3005P real-time PCR system
(Agilent, USA). The thermal cycling conditions comprised an initial step at 95°C for 5 min,
followed by 40 cycles at 95°C for 15 s and at 60°C for 1 min.For each PCR run, a master mix
was prepared on ice as instructed and 5 pL of respective cDNA was added.

RESULTS AND DISCUSSION

Results of testing gPCR assay efficiency are shown in Figure 1 and demonstrate that it
would be possible to detect HAV at levels < 10 copies per mL at 92% efficiency. However,
repeatability studies demonstrated that average HAV recovery rate from contaminated ham
was 46%. Furthermore, RT-qPCR despite being able to detect less than 10 copies of viral
RNA “in vitro” was found to have a LOD50% at 211 viral copies per gram while LOD95% 554
viral copies per gram in case of artificially contaminated sliced ham samples (figures not
shown). Furthermore,it is likely that viral exposure to proteolytic enzymes from meat
(cathepsins — B, D, H & L, and calpains) results inrecovery losses which should be taken into
account when assessing health risk in cases of low viral copies.
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Figure 1.Standard curve of HAV decimal dilution

CONCLUSIONS

Although theresults of this study indicatethat HAV detection in meat products is very
challenging more efforts are still needed to improve elution and extraction strategy to detect
HAV in meat products, especially when it comes in low copy numbers. Also, HAV detection
in food is more difficult than other viral agents due to long incubation period of HAV infection,
which obstructs the analysis of the implicated food, unless control portion of this food is
stored to enable later assay.
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ABSTRACT

Industrial freezing of spinach is made in blast freezers, using rapid freezing, in forms of briquettes.
Besides formation of small crystals, rapid freezing, can still deteriorate the quality of spinach and
decrease its commercial value due to texture loss caused by re-crystallization and agglomeration of
crystals during the thawing phase.

Cryoprotective treatment maintains the natural quality of food by inhibiting the growth of small crystals.
In this study five cryoprotectants: glucose, trehalose, glycerol, mannitol and sodium tripolyphosphate
were tested. They were introduced into the spinach tissue by means of vacuum infusion and
ultrasound. Afterwards, samples were frozen in liquid nitrogen to simulate rapid freezing and stored at
-18°C for a period of 30 days. The quality of the spinach leaves was evaluated in terms of drip loss,
color and texture changes.

Cryocomponents reduced the drip loss during storage from 6 to 40% in all treated samples. In general,
the combination of ultrasound and vacuum infusion ensured better cryoprotection for the spinach than
using just vacuum infusion for incorporation of the cryoprotective substances in the tissue. Spinach
leaves treated with cryoprotectants preserved their turgidity after freezing/thawing in comparison with
the enervated control sample shown by the reduced burst strength. There was a significant loss of
elasticity of the samples shown by the decreased distance to burst. The results from the evaluation of
the color of stored samples (30 days at -18°C) after thawing demonstrated retention of the color in all
samples treated with cryoprotectants compared to the 53% loss of the green color of the control
sample.

Keywords: spinach, vacuum infusion, ultrasound, cryopreservation

INTRODUCTION

Freezing is a widely used preservation process for fruits and vegetables focused on
maintaing the quality of the food. However, loss of the fresh-like characteristics of the
products due to freeze-induced damage of cell membranes, turgor loss and the consequent
loss of cell viability, could not be avoided (Velickova et al., 2013). The freezing of leaf
vegetables, such as spinach, can cause serious quality losses in the flavor and texture and
therefore decrease its placement on the market. Industrial blast freezers are broadly used to
preserve the quality of the spinach. The rapid freezing methods, such as the cryogenic
freezing, are supposed to preserve the stuctural integrety of the plant by formation of small
ice crystals thus causing less cell disruption and maintaining the desireble texture. However,
recrystallization, which is inevitable during thawing, will still damage the cell membrane,
increase the drip loss and the loss of nutrients. Furthermore, the plant tissue can disintegrate
during thawing resulting in loss of texture due to loss of cells water capacity reversing the
advantages of rapid freezing. The quality of the food should be preserved not only during
freezing, but also during frozen storage and during thawing since all the frozen food is
consumed after thawing (Van Buggenhout et al.,2006).

Recently, it became clear that using cryoprotective substances (amino acids, quaternary
ammonium compounds, numerous sugars, alcohols and sodium salts) which reduce the
freezable water by osmotic dehydration could protect plant tissue from disruption during
freezing and thawing. Phoon et al., (2008) significantly improved the freezing tolerance of
spinach leaves by using trehalose. Trehalose was distributed in intra- and extracellular
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spaces by means of vacuum infusion and pulsed electric fields. This strategy successfully
maintained cell vitality, turgidity and fresh-like characteristics of the leaves after thawing. Van
Buggenhout et al. (2006) used calcium and pectinmethylesterase (PME) impregnation by
vacuum infusion to maintain the texture after freezing/thawing.

The present study reports on the use of vacuum infusion combined with ultrasound
forincorporation of cryoprotectants (glucose, trehalose, glycerol, mannitol and sodium
triplyphosphate) inside spinach leaves before freezing. The effect of the cryoprotectants on
the freezing tolerance of spinach was evaluated by measuring the drip loss, color and
textural changes, and sodium chloride content.

MATERIAL AND METHODS

Raw Material
Fresh spinach (Spinacia oleracea) flat leaves were purchased from the local green market on
daily basis from the same supplier.

Cryoprotective solutions

The following cryoprotectants were used to prepare aqueous solutions: glucose (Merck-
Alcaloid, Skopje, Macedonia), trehalose (Cargill*Ascend 16400, Copenhagen, Denmark),
glycerol, mannitol, and sodium tripolyphosphate, Na-TPP, (Sigma-Aldrich, Munich Germany).
Five different solutions were prepared: 15% (w/w) glucose solution, 15% (w/w) trehalose
solution, 15 % (w/w) glycerol solution, 15 % (w/w) mannitol solution and a 1,5% (w/w) TPP
solution.

Vacuum impregnation and ultrasound treatment

The spinach leaves were vacuum infused separately with 5 different cryoprotective solutions.
The vacuum impregnation was carried out for 14 min, where a gradual increase of the
vacuum for 4.5 min, was followed by 5 min holding time at vacuum pressure, 100 mbar, and
then the gradual release of the vacuum was 4.5 min. For the second experiment the vacuum
infusion was coupled with ultrasound treatment. The spinach leaves immersed in the
cryoprotective solutions were placed in an ultrasonic bath filled with distilled water and
previously degassed and treated for 10 min prior the vacuum infusion step.

Freezing process

Freezing was completed by immersing the leaves in liquid nitrogen for 10 s. The frozen
spinach was placed in polyethylene bags and stored in a conventional freezer at a
temperature of -18°C for a period of 30 days. Control samples without any treatments were
also frozen and stored for the same period of time.

Solute uptake
The solute uptake of the treated spinach leaves was calculated from the following equation,
in percent:

m —m
% solute uptake = ———2.100 (1)
ml
Where m; is the initial mass of the fresh spinach leaves and m, is the mass of the infused

spinach leaves.

Drip loss
Drip loss was calculated on the base of the weight of spinach leaves after freezing and
thawing. The following equation was applied:

% drip loss = M-100 2
m

1
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Where, m; is the mass of the spinach sample after freezing, and m; is its mass after thawing.
All the samples were measured on analytical scale in triple.

Measurement of color

To measure the color of fresh spinach as well as the color of the treated spinach samples,
Dr. Lange spectro-color colorimeter was used. The instrument was calibrated against the
black and white tile before use. Samples were placed above the light source and the four
parameters, that is L* (lightness), a* (greenness), b* (yellowness) and C (hroma) were
measured. Data were collected from 15 measurements on each sample. Total color
difference AE was calculated using the following equation:

AE=[(AL'Y*+(Aa')2+(AD)2  (3)

Texture

The texture of the spinach leaves was evaluated by using 2 different tests: the measurement
of the burst strength of spinach leaves and the wilting test using texture analyzer (TA-XT2i of
Stable Micro Systems, Godalming, England). For the measurement of the burst strength five
square samples (20 x 20 mm) were cut out from the spinach leaves. The puncture was
carried out with 2 mm probe. The initial distance was set to be 5 mm. The leaves were
punctured in the center with cross-head speed of 1 mm/s and the force and distance
necessary to puncture them were recorded. The peak force is the burst strength and the
displacement is the distance to burst, which is an indication of the flexibility of the spinach
leaf. The turgidity of the treated spinach samples with the wilting test was evaluated by simply
holding the centre of the sample with a small pincer and observing whether the leaves would
bend or not.

RESULTS AND DISCUSSION

The solute uptake and the drip loss of the control and treated spinach leaves are presented
in Table 1. The results proved that the amount of absorbed cryoprotectant depended on the
infusing method. When applying vacuum infusion, during the increase of the vacuum and
holding time, the cellular content leaked from the cell and mixed with the cryoprotective
solution. Releasing the vacuum on the other hand supports the uptake of the mixture of
cytosol and cryoprotectant inside the cell (Phoon et al.,, 2008). The mass gain with the
vacuum infusion was from 9.6+£0.85 to 13.13+1.18% for all cryoprotectants and was not
affected by the type of cryoprotectant. The combined treatment, that consisted of ultrasound
assisted vacuum infusion, significantly increased the solid gain from 34.7+3.13 to
47.2+3.05% (Table 1). The ultrasound enhances the permeability of cell membrane by
cavitation shear forces and facilitates the transfer from the cell to the solvent and reverse
(Jovanovic-Malinovska et al., 2014). The only exception was noticed for the absorption of
Na-TPP, where the low initial concentration of the cryoprotective solution (1.5% w/w) kept the
solute uptake at 15%.

The major concern of the freezing process is the agglomeration and re-crystallization of the
small crystals during thawing which causes mechanical ruptures of the cell and cell leakage
resulting in high drip loss. The reduction of the free water content can be achieved by
introducing solutes inside the cell and reducing the re-crystallization of the ice crystals
(Velickova et al., 2013). The drip loss of the treated spinach samples was decreased from
5.7% to 40.23% compared to the control sample. The best cryoprotection was obtained in
the samples impregnated with mannitol when combined infusing methods were used. This
might be due to the fact that mannitol is a sugar alcohol that forms strong bonds between its
hydroxyl groups and the water molecules. There was no correlation between the amount of
solute uptake and the drip loss.
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Table 1. Solute uptake and drip loss of spinach samples stored at -18°C for 30 days after

freezing/thawing

Spinach Solute uptake (%) Drip loss (%)
control / 62.43+2.33
vacuum infusion
glucose 13.13+1.18° 44.01+2.89
trehalose 10.8+0.96° 53.02+3.54
mannitol 12.4+1.79°% 55.46+2.06
glycerol 9.6+0.85° 54.45+1.98
Na-TPP 11.5+41.28 2 58.32+3.33
ultrasound & vacuum infusion
glucose 41.7+1.86° 53.64+4.87
trehalose 42.7+2.09° 58.83+4.55
mannitol 34.7+3.13° 37.31+1.76
glycerol 47.2+3.05° 53.76+2.67
Na-TPP 15.8+1.05° 56.10+1.83

*Reported are average values and standard deviations.

Values with different letter in a given column are significantly different (p < 0.05)

Color is important parameter for the appearance of the product and has high influence on the
consumer choice. The color parameters of the control and treated spinach leaves are given
in Table 2. The most important color parameter for the spinach is the a* value since it
represents the green color. The results proved that there were slight differences between the
fresh and treated samples in regard to this parameter, indicating that cryoprotectants
retained the typical green color from 30 to 60 %. Only the control, untreated sample,
exhibited significant loss, 52%, of the green color due to the chlorophyll’'s pheophytilisation
that occurred during freezing/thawing cycle (Martins et al. 2002). The b’-values demonstrated
greater degradation rate decreasing from initial value of 21.6 for the fresh sample to 6.1 for
the control sample. Still, samples treated with cryoprotectants , all the differences above 3.5
are perceptible by the human eye (Barrett et al., 2010).

Table 2. Color of the spinach leaves stored at -18°C for 30 days after freezing/thawing

Spinach L a b c AE
fresh 32.7+3.89 -10.8+0.60 21.6+4.59 24.1+4.33 /
control 35.2+0.12 -5.1+0.04 6.1+0.38 7.9+0.30 15.0+1.20
vacuum infusion
glucose 22.1+2.22 -8.8+0.90 8.6+2.05 12.4+1.93 12.9+0.88
trehalose 20.4+3.91 -10.3+0.88 11.3+2.77 14.7+2.72 8.5+0.65
mannitol 24.4+4.28 -9.8+1.08 15.2+3.22 17.5+£3.25 13.5+1.00
glycerol 20.3+3.42 -9.9+0.89 8.6+1.67 13.3+1.98 7.9+0.54
Na-TPP 27.7+3.18 -10.0+1.36 17.8+3.60 20.5+3.53 4.,2+0.38
ultrasound & vacuum infusion
glucose 23.5+3.99 -10.3+0.80 14.8+3.36 15.9+3.86 8.9+1.02
trehalose 19.7+2.88 -9.7+0.94 9.5+2.18 13.1+2.18 14.6+1.33
mannitol 32.716.61 -7.5+1.55 10.87+2.66 13.1+2.74 5.9+0.76
glycerol 21.7+1.99 -11.2+0.87 12.0+1.36 16.1+1.98 8.2+0.64
Na-TPP 27.2+2.21 -10.9+0.92 14.1+2.75 18.0+3.60 5.6+0.82

The textural changes of the spinach after being frozen for 30 days and thawed are given in
Figures 1 and 2. The pre-treatments, vacuum infusion and ultrasound assisted vacuum
infusion, performed prior to freezing did not affect the texture of the spinach leaves (data not
shown). After storage it could be seen that the treated leaves maintained their hardness,
unlike the control sample that was completely enervated. Despite the use of the
cryoprotectants, the flexibility of the leaves could not be preserved.
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Figure 1.Hardness,a) and flexibility, b) of vacuum infused spinach leaves stored for 30 days at -18°C
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Figure 2.Hardness,a) and flexibility, b) of ultrasonicated and vacuum infused spinach leaves stored for
30 days at -18°C;

The turgidity of the treated spinach leaves stored for 30 days at -18°C is given in Figures 3
and 4. The photographs present only slight wilting of the spinach leaves.
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Figure 3. Turgidity of vacuum infused spinach leaves stored for 30 days at -18°C;
a) glucose, b) trehalose, ¢) mannitol, d) glycerol, €) Na-TPP

The results suggested that the infusion methods used allowed the uptake of cryoprotectants
by the tissue, thus increasing the freezing resistance of the samples. In general, the addition
of the ultrasound step to the infusing treatment improved the freezing tolerance of the
samples, probably due to cellular restructuring under the ultrasonication.

» N

Figure 4. Turgidity of ultrasonicated and vacuum infused spinach leaves stored for 30 days at -18°C;
a) glucose, b) trehalose, ¢) mannitol, d) glycerol, ) Na-TPP

CONCLUSIONS

The impregnated spinach leaves with the cryoprotectants glucose, trehalose, glycerol,
mannitol and sodium tripolyphosphateexhibited improved freezing tolerance compared to
control, untreated samples. Higher freezing resistance of spinach leaves was achieved when
the vacuum infusion process was used in combination with ultrasound.The combined
methods probably allowed presence of higher concentrations of cryoprotectants and
therefore enable better preservation of the spinach tissue during freezing and thawing
process.
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ABSTRACT

The effect of vacuum packaging on lipid oxidation of dry fermented sausage (Petrovska klob4asa) was
investigated. Fatty acid profile, TBARS value and sensory analysis of odor and taste were determined
after drying process and during seven months of storage. Sausages were produced in industrial
conditions and subjected to smoking, drying and ripening processes during 60 days. The produced
sausages were stored in unpacked and vacuum packed form. During the storage period, vacuum
packed sausages showed better oxidative stability. YPUFA and PUFA/SFA in vacuum packed
sausages were significantly higher than in unpacked sausages. 2-thiobarbituric acid reactive
substances (TBARS) value in vacuum packed sausages was 0.25 mg MDA/kg at the end of
investigated storage period, and this content was significantly lower (P<0.05) compared to unpacked
sausages (0.73 mg MDA/kg). After 2 and 7 months of storage, vacuum packed sausages are
characterized by higher sensory scores for odor and taste. Results suggest that vacuum packaging
can be successfully applied to protect dry fermented sausages from lipid oxidation during investigated
storage period.

Keywords: vacuum packaging, lipid oxidation, traditional sausage

INTRODUCTION

Petrovska klobasa is a traditional dry fermented sausage produced in Backi Petrovac (The
Province of Vojvodina, Serbia) exclusively from pork meat and fat with the addition of red hot
paprika powder, salt, garlic, caraway and sugar (Ikoni¢ et al., 2011). Fermented sausages
are products that contain a high percentage of fat. Fat is responsible for numerous properties
of the fermented sausages. From a physiological aspect, fat is an important source of energy
as well as of essential fatty acids and liposoluble vitamins. Products formed during lipolysis
and lipid oxidation have an important role in the formation of odor, taste and texture of the
final product. However, fermented sausages also show some negative properties as a
consequence of high content of animal fat. Lipolysis is the first step in the process of auto-
oxidation of free fatty acids. Oxidation can also affect the nutritional value of food by
decomposition of vitamins and unsaturated essential fatty acids (Olivares et al., 2009; Soji¢
et al., 2014).

In the modern food chain system, it is hardly conceivable to distribute foodstuff without
packaging. Food packaging preserves and protects food from environmental factors
including chemical, physical and biological influences up to the point of consumption. This
emphasizes retarding spoilage, extending shelf-life, and preserving the quality of packaged
food (Suput et al., 2013). Vacuum packaging has also been introduced as a commercial way
for the retail selling of meat products (Samelis et al., 2000). Numerous authors have
investigated effect of vacuum packaging on oxidative stability and shelf-life of fermented
sausages, but reported results differ among papers. Ansorena and Astiasaran (2004)
reported that sausages packed in vacuum showed better oxidative stability compared to the
unpacked sausages, while Summo et al. (2006) did not determine significant effect of
vacuum packaging on lipid oxidative stability in fermented sausages. Valencia et al. (2006)
and Rubio et al. (2008) did not observe significant difference between the effects of vacuum
packaging on oxidative stability of fermented sausages during long storage period.
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Petrovska klobéasa is a traditional product that is currently being transferred from a small-
scale production to industrial. At this point, preservation of product during distribution and
storage is very important. The aim of this research was to investigate the effects of vacuum
packaging of Petrovsk& klobasa sausage on lipid oxidation intensity of oxidative changes, as
well as on sensory properties during long storage period.

MATERIAL AND METHODS

The Petrovskd klobdsa sausage was subjected to the traditional conditions of smoking
(5 °C-10 °C and RH = 75%-85%), and drying (8 °C-10 °C, RH = 90%—75%), during 60
days. After that time, sausages were divided into two groups. The first group consisted of
unpacked sausages, while the sausages from the second group were packed under vacuum.
After packing, sausages were stored in a chamber with controlled temperature (15 °C) and
relative humidity (75%) for seven months. Fatty acids composition, TBARS value , as well as
sensory evaluation of odor and taste were determined after drying process and after two and
seven months of storage.

Fatty acid profile determination

The method of Folch et al. (1957) was used for the extraction of lipids from sausages. The
fatty acid composition was determined by gas chromatography. A Perkin—Elmer Varian,
series 1400 gas chromatograph fitted with a packed column (3 m x 3.0 mm, a stationary
phase GP 10% SPTM-2330 on inert carrier 100/120 Chromosorb WAW) and flame ionization
detection was used (Perkin-Elmer, Waltham, Massachusetts, USA). Fatty acids methyl
esters were quantified as percentage of total methyl esters.

TBARS determination

TBARS (2-thiobarbituric acid reactive substances) test was performed using the method of
Bostoglou et al. (1994), with modifications. TCA solution (10%) was added to the sample
and extraction was performed in ultrasonic bath (XUB 12, Grant Instruments, Cambridge,
UK) (Mandi¢ et al., 2007). The absorbance was measured at 532 nm using a
spectrophotometer (Jenway 6300, Felsted, United Kingdom). TBARS values were expressed
as milligrams of malondialdehyde per kilogram of sample.

Sensory evaluation of odor and taste

A panel consisting of seven trained panelists of different ages performed sensory evaluation
of odor and taste. Casing was removed; sausages were cut into slices of approximately
4 mm thickness and served at room temperature on white plastic dishes. Three slices were
served from each batch. Water and unsalted toasts were provided to cleanse the palate
between samples. Evaluation was performed according to quantitative descriptive analysis
(QDA), using a scale from 0 to 5, with a sensitivity threshold of 0.25 points (Stone and Sidel,
2004). Each mark means distinctive quality level, described as follows: 5 — extraordinary,
typical, optimal quality; 4 — observable deviations or insignificant quality defects; 3 —
drawbacks and defects of quality; 2 — distinct to very distinct drawbacks and defects of
quality; 1 — fully changed, atypical properties, product unacceptable; 0 — visible mechanical
or microbiological contamination, atypical product.

Statistical analysis

Statistical analysis was carried out using STATISTICA 8.0 (2008). All data were presented as
mean value with their standard deviation indicated (mean + SD). Variance analysis (ANOVA)
was performed, with a confidence interval of 95% (p < 0.05). Means were compared by
Duncan’s multiple range test.
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RESULTS AND DISCUSSION

Table 1 shows the fatty acid composition of the Petrovska klobasa sausages at the end of
drying process and after 2 and 7 months of storage. There were no significant differences
(P>0.05) in YSFA and Y UFA between vacuum packed and unpacked sausages after two
and seven monts of storage. Similar results were obtained in our previous study (Krki¢ et al.,
2013), when the antioxidative effect of chitosan-oregano coating on lipids of Petrovska
klobasa sausages was examined. However, after 2 and 7 months of storage, Y PUFA and
PUFA/SFA were significantly higher (P<0.05) in vacuum packed compared to unpacked
sausages. Obtained results correspond to literature data (Valencia et al., 2006).

Table 1. The influence of vacuum packaging (VP) and storage time on fatty acid profile in Petrovska
klobasa sausage

Storage time (months)
Fatty acid At the end of 2 7

drying Unpacked VP Unpacked VP
>SFA 34.07 34.56 33.96 34.35 33.54
+0.39 +0.63 +0.60 +0.75 +0.53
SUFA 65.87 65.44 66.03 65.60 66.43
+0.49 +0.56 +0.54 +0.76 +0.48
>SPUFA 16.83°% 15.68° 16.81°% 16.30° 16.92°
+0.09 +0.19 +0.10 +0.42 +0.33
UFA/SFA 1.93*° 1.89° 1.94% 1.91° 1.98°
+0.04 +0.03 +0.02 +0.04 +0.04
PUFA/SFA 0.49° 0.45° 0.49° 0.47° 0.50%
+0.01 +0.00 +0.00 +0.00 +0.01

Values are means of three determinations * standard deviation.
Values of the row with the same superscript are not statistically different (P < 0.05).

At the end of drying process of Petrovska klobasa sausage, TBARS value was 1.19 mg
MDA/kg. After two months of storage, TBARS value decreased significantly (P < 0.05) for
both tested sausages. Nassu et al. (2003) and Ansorena and Astiasaran (2004) obtained
similar results. The decrease of malondialdehyde content is probably due to reactions
between malondialdehyde and carbohydrates, nitrites and amino acids, produced during
ripening process (Janero, 1990). At the end of storage period, TBARS value in the vacuum
packed sausages was 0.25 mg MDA/kg and this content was significantly lower (P<0.05) compared to
the unpacked sausages (0.73 mg MDA/kg). Examining vacuum packaging effect, Ansorena and
Astiasaran (2004) obtained similar results.
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Figure 1. The influence of vacuum packaging (VP) and storage time on TBARS value in Petrovska
klobasa sausage
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Sensory score of odor and taste (Figure 1) was the highest for VP sausages after 2 months
of storage (4.54). During the whole storage period, VP sausages had significantly higher
(P<0.05) scores for odor and taste, compared to unpacked sausages. This result is in
negative correlation with the TBARS values in VP and unpacked sausage after two and
seven months of storage. Similar results were reported by Krki¢ et al. (2012).

4,5 7
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2,5 A mVP
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Sensory evaluation of odor and taste

0 2 7
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Figure 2. The influence of vacuum packaging (VP) and storage time on sensory evaluation of odor and
taste of Petrovska klobasa sausage

CONCLUSIONS

Vacuum packaging of Petrovska klobasa sausage resulted in lower degradation of
polyunsaturated fatty acids compared to unpacked sausage during the investigated storage
period (7 months). TBARS value was also lower for vacuum packed sausage. Sensory score
for odor and taste of vacuum packed sausage was better than for the unpacked sausage. It
can be concluded that vacuum packaging can prolong oxidative changes of traditional
Petrovska klobasa sausage and ensure its better sensory score.
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ABSTRACT

Hygienic design refers to those building design features that may be unique to a meat processing
plant and are intended to reduce the risk of contamination by biological, physical and chemical
hazards from meat processing operations. The task of hygienic design is to minimize risks of
contamination and to make easier the challenges of cleaning and maintaining the plant and
equipment. Poorly designed equipment might increase the risk of contamination of meat and meat
products with micro-organisms and different stages of processing and manufacturing could demand
different levels of hygienic design. The fundamental principle, however, is that the design of any piece
of equipment must not allow any increase in the concentration of relevant contaminants.

The European Directive 2006/42/EC for machinery already sets up requirements for food processing
machinery, which have to be obtained in all meat processing machines. Chapter 2.1. states that all
machines have to be cleanable, drainable and all surfaces have to be smooth. These general
statements are detailed in the following standards: The EN ISO 14159 "Safety of machinery - Hygiene
requirements for the design of machinery" and the EN 1672-2 "Food processing machinery - Basic
concepts - Part 2: Hygiene requirements". They also give the presumption of conformity for these
machines build according to these standards, as they are listed under the machinery directive in the
European journal, as harmonized standards.

Within Europe and the USA, a number of organisations exist to foster consensus in hygienic design
and the use of these organisations' guidelines can have a quasi legal status. In 1989 an independent
group, the European Hygienic Equipment Design Group (EHEDG) was formed; it consists of
approximately 100 members who are equipment manufacturers, food processors, research
organisations, or government representatives from many countries including Serbia.

Keywords: hygienic design, meat, processing, equipment

INTRODUCTION

Hygiene problems in equipment are caused when microorganisms become attached to the
surfaces and survive on them and later become detached from them contaminating the
product. This can be due to bad hygienic design in cases where the machines cannot be
cleaned properly (Wirtanen, 1995). Food-processing equipment has been shown to be a
source of contamination, e.g. Listeria monocytogenes, in many studies (Arnisalo et al.,
2005).

Raw meat, if red or white (e.g. chicken), is one of the most critical products within food
processing. The meat itself can be a source of micro-organism, which can spoil the food,
reduce shelf live and could be harmful for the consumer. In most cases minor contamination
with less harmful micro-organism of the raw meat is not a problem, as long as the facility, in
which the product is prepared, is readily cleanable and is not harbouring product and micro-
organism itself. During meat production and processing, contamination may additionally
occur from micro-organisms present in the factory and so the operating environment and the
behaviour of the employees also becomes an important factor.

Food processing equipment has traditionally been designed and built to be suitable for
purpose. For example, a mixer for raw meat has rarely been designed to the same hygienic
level as a slicer of cooked meats. Similarly, aseptic fillers have usually been designed to a
much higher hygiene standard than can filling machines. The reason for this has been
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related to the risk of a hazard being transferred from the equipment to the product produced
and thus the consumer.

GENERAL PRINCIPLES OF SANITARY DESIGN

Poorly designed equipment might increase the risk of contamination of meat and meat

products with micro-organisms and different stages of processing and manufacturing could

demand different levels of hygienic design. The fundamental principle, however, is that the

design of any piece of equipment must not allow any increase in the concentration of

relevant contaminants.

The American Meat Institute (AMI) has developed a checklist, based on NSF International

(formerly “National Sanitation Foundation”-USA) and AMI Guidelines and splits the basic

requirements into 10 principles (Seward, 2007) which are:

1) Cleanable to a microbiological level

2) Made of compatible materials

3) Accessible for inspection, maintenance, cleaning & sanitation

4) No (product or) liquid collection

5) Equipment is designed to eliminate or minimize hollow areas

6) No niches

7) Sanitary operational performance

8) Hygienic design of maintenance enclosures (and human machine interfaces)

9) Hygienic compatibility with other systems

10) Validated cleaning and sanitizing protocols

Each principle of this AMI document provides an explanation with a few sentences and

guestions are asked, checking, if these principles are covered. Depending on the level of

fulfillment the tested equipment gets proportionate points of the by AMI proposed available

points, which are given. At the end the sum of all reached points indicates, how good the

equipment fulfills the Hygienic Design requirements.

Guidelines for the hygienic construction of commercial or custom-built equipment are based

on various international standards:

1. Hygiene Requirements for the Design of Meat and Poultry Processing Equipment (ANSI,
1999, 2010) (www.ansi.org);

2. 3-A sanitary standards (www.3-a.0rg);

3. National Sanitation Foundation International Standards (NSF International; www.nsf.orqg);

4. European Norms for Food Processing Machinery (CEN/TC 153 - Machinery intended for
use with foodstuffs and feed, www.cen.eu);

5. International Organization for Standardization (ISO, www.iso.0rqg);

EUROPEAN STANDARDS AND REGULATIONS CONCERNING HYGIENIC
DESIGN

In the EC, the Council Directive on the approximation of the laws of Member States relating
to machinery (98/37/EC) was published. The Directive includes a short section dealing with
hygiene and design requirements which states that machinery intended for the preparation
and processing of foods must be designed and constructed so as to avoid health risks and
consists of seven hygiene rules that must be observed. These rules are concerned with the
suitability and cleanability of materials in contact with food; surface finish and design features
such as joints, absence of ridges and crevices; avoidance of the use of fasteners, e.g.
screws and rivets; the design of internal angles and corners; drainage of residues from
equipment surfaces; dead spaces and voids, and lastly bearings and shaft seals. The
Directive requires that all machinery sold within the EC after January 1995 shall meet these
basic standards and be marked accordingly to show compliance (the 'CE' mark).

The revised Machinery Directive 2006/42/EC did not introduce any radical changes
compared with the old Machinery Directive 98/37/EC but aims to consolidate the
achievements of the Machinery Directive in terms of free circulation and safety of machinery
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while improving its application. Chapter 2.1. states very clearly that all machines have to be
cleanable, drainable and all surfaces have to be smooth. In addition to these hygiene rules,
this section also contains a requirement that machinery manufacturers must indicate the
recommended products (chemicals) and methods for cleaning, disinfecting and rinsing both
open equipment (e.g. conveyors) and closed equipment (e.g. pipelines, valves and pumps)
where clean-in-place (CIP) procedures need to be used.

A basic standard about hygiene requirements for the design of machinery is the 1SO
14159:2004, Safety of Machinery—Hygienic Requirements for the Design of Machinery.
Anoter important basic standard is the Standard EN 1672-2:2005, Food processing
machinery - Basic concepts-Part 2: Hygiene requirements. These two standards give a good
overview and are describing, what is needed in order to fulfill the requirements of the
Directive 2006/42/EC for machinery (short: Machinery Directive).

It is impossible to provide hygienic design guidelines for all individual food processing
equipment. The European committee for standardization (CEN) issues standards for
equipment manufacturers to be able to full the requirements of the directive. The approach of
the CEN/TC 153 was, therefore, to define the basic hygienic design requirements and they
consists of two headings: covering food contact (broken down into eleven subsections) and
non-food contact areas. Most of these standards cover this topic by an annex for hygienic
requirements. Most of the requirements are not very specific, but the defined surface
roughness, depending on the hygiene zone, could help to know, what's acceptable.

However, there are also guidelines and methods published e.g. by the European Hygienic
Engineering and Design Group (EHEDG, http://www.ehedg.org) available for helping in the
design of new hygienic equipment.

There are existing standards issued by CEN/TC 153 with relevance to meat processing
equipment (EN, 1974; EN, 2003a, 2003b, 2003c, 2003d, 2004, 2005a, 2005b,2006, 2008a,
2008b ; CEN, 2008; EN, 2008, 2012) and EHEDG guidelines (EHEDG, 2004a,2004b).
Nowadays, there is intention, over EHEDG established working subgroups to make specific
guidelines for other meat processing equipment which are not covered with international
standards including deboning and trimming-conveyor belts, freezers, marinating, tumbling
and Injection equipment, and also equipment for forming, wraping, packaging and weighing.
The EHEDG organisationa is a consortium of equipment manufacturers, food industries,
research institutes as well as public health authorities and was founded in 1989 with the aim
to promote hygiene during the processing and packing of food products.

The principal goal of EHEDG is the promotion of safe food by improving hygienic engineering
and design in all aspects of food manufacture.

EHEDG actively supports European legislation, which requires that handling, preparation
processing and packaging of food is done hygienically using hygienic machinery and in
hygienic premises (EC 2006/42, EN 1672-2 and EN ISO 14159).

EHEDG is aiming to provide practical guidance on hygienic engineering and design in all
aspects of food manufacture and is offering a platform to discuss technical developments
and best practices under hygienic design aspects.

A major task of EHEDG is to provide guidelines and recommendations on essential hygienic
design standards and practices, based on science and technology and to periodically review
them. These documents provide guidance to equipment manufacturers and users on
compliance with national and international legislation. However, the EHEDG guidelines are
merely non-binding documents and the industry is free to follow or not.

CONCLUSIONS

Food processing equipment that is designed hygienically has three key advantages:
Food quality-Good hygienic design maintains product in the main product flow. This

ensures that product is not 'held-up' within the equipment where it could deteriorate and
affect product quality on rejoining the main product flow. Or, for example in flavourings
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manufacture, one batch could not cross-contaminate a subsequent batch to give sensory
problems.

Food safety-Good hygienic design prevents the contamination of the product with
substances that would adversely affect the health of the consumer. Such contamination
could be microbiological (e.g. pathogens), chemical (e.g. lubricating fluids, cleaning
chemicals) and physical (e.g. glass).

Cost reduction- Good hygienic design reduces the time required for an item of equipment to
be cleaned. This reduction of cleaning time is significant over the lifetime of the equipment
such that hygienically designed equipment which may initially be more expensive (compared
to similarly performing poorly designed equipment), will be more cost effective in the long
term. In addition, reduced down time for cleaning may lead to the opportunity for increased
production.

Of these three factors, safety is the most important to the food consumer. There have been
many examples of product recalls, lost production, and indeed site closure, due to
contamination arising from poorly designed equipment. Physical foreign body contaminants,
such as pieces of plastic, affect the wholesomeness of food but rarely receive media
attention. Physical contaminants of a more serious nature e.g. glass fragments or caustic
CIP fluids, however, are much more serious. Perhaps of the most concern are pathogenic
microorganisms such as Listeria or Escherichia coli O157:H7, which may be harboured in
equipment and then subsequently grow during production and contaminate the product.

The importance of hygienic design cannot be overstated. Regardless of the quality of the
general design (fit for purpose) and execution of the sanitation programme, contamination
will never be controlled unless the areas in which soils can accumulate are either avoided by
good hygienic design or can be readily exposed for cleaning.

Both equipment designers and persons responsible for the selection of equipment, hopefully
after a dialogue with engineers, microbiologists and production, must be familiar with the
principles of hygienic design to ensure that suitable equipment is purchased. Further to this,
persons responsible for the management of sanitation programmes, especially in ‘high risk’
food manufacturing areas, must also be familiar with basic hygienic design concepts to be
sure that equipment is dismantled sufficiently so that surfaces are safe for food production.
Similarly, anyone involved in the inspection of hygienic design from a regulatory viewpoint
must be specifically trained in this field to ensure that suitable equipment is being used.
Hygienic design training should, therefore, be targeted at engineers during their higher
education and at key food processing staff.
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ABSTRACT

Mercury is a contaminant that belongs to the group of heavy metals. There is evidence that mercury
toxic effect on the human body. The man living organism coming through air and water. However, the
main way to enter the living organism is food that is contaminated with mercury. One of the largest
sources of mercury is fish meat, which is why the consumption of fish and fish products may pose a
risk to human health. These findings have led to improved control of mercury content in these
products. In order to protect consumers adopted the regulations on the maximum allowable amount of
mercury in food. In order to determine the mercury content in fish and fish products placed on the
market and the Serbian Republic of Bosnia and Herzegovina, conducted extensive research. Part of
this research is presented in this paper.

Mercury was determined using spectrometric method by Advanced Mercury Analyser AMA - 254, and
the measured concentrations are shown in mg/kg of fish. The study included 48 samples of fish and
fish products. The largest amount of mercury was found in canned tuna from pieces in vegetable oil
(0,256 mg/kg) and a piece of tuna in cans (0.229 mg/ kg), while the lowest content was measured in
the meat fresh trout and frozen pangasius (0,005 mg/kg) and slightly higher results than the minimum
specified amounts, were found in fresh carp (0,006 mg/kg) and picarel (0,008 mg/kg). When
comparing the results obtained with the maximum level of this element can be concluded that the
consumption of fish and fish products in a balanced diet, do not pose a risk to human health.
Keywords : mercury, heavy metals, residues, fish, fish products

INTRODUCTION

Nutritional and health significance that is achieved by using fish and fish products in the diet
is one of the reasons for the continuous growth in demand for these products on the market
(Pavlicevi¢ et al., 2014, Burger and Gochfeld, 2009; Sveinsdottir et al., 2009; Balti¢ and
Teodorovi¢, 1997).

What fish, as food, makes it particularly attractive for the consumer is, in addition to its high
content of protein, minerals and vitamins, low levels of saturated fat and that is a very rich
source of fatty acids, of which some are considered essential, such as omega -3
polyunsaturated fatty acids. These acids cannot be synthesized in the body and play a role in
the prevention of many diseases such as coronary disease, especially myocardial infarction,
arteriosclerosis, hypertension and other cardiovascular disorders (Cirkovic, 2002; Kilibarda,
2006; Connor, 2000; Zatsick and Mayket, 2007, Hunter and Roberts, 2000; Mozaffarian et
al., 2005, Anon, 2003; Balti¢ and Tadi¢, 2001).

Although the role of fish and fishery products in human nutrition is very important, there is
growing concern regarding proportional presence of fish in the human diet.

In fact, if people consume large quantities of fish, it may pose a risk due to the presence of
contaminants which have undesirable consequences for human health (Hites et al., 2004,
Mazloomi et al., 2008; Rom 2007; Storelli, 2008; EFSA, 2005).

Contaminants, such as pesticides, heavy metals, polychlorinated biphenyls, dioxins, furans,
polycyclic aromatic hydrocarbons and radioactive elements are all environmental pollutants.
However, although their concentration in the environment is usually quite low, they are
readily taken up by water-dwelling organisms. Moreover, as a result of bioaccumulation and
bioconcentration processes, levels of these compounds are progressively increased along
the food chain, particularly in organisms with longer life span and predatory fish.
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Based on the literature, fish consumption can be considered as one of the main sources of
human exposure to the above-mentioned environmental pollutants (EFSA, 2005; Storelli,
2008).

Mercury (Hg) is a chemical element belonging to the heavy metals and is the only metal that
is at room temperature is in the liquid state. Mercury exists as elementary, organic and
inorganic form in the environment.

It is one of the most dangerous pollutants and can be found in all four sphere of earth (Table
1), because this element comes to environment from natural and anthropogenic sources
(Pacyna, 2010, EFSA, 2005; Storelli, 2008; Gerbersmann et al., 1997; Cai, 2000; Queuvallier
et al., 2000).

Due to its persistence in the environment, its atmospheric transport, bioaccumulation,
biotransformation and biomagnification in food chain, mercury is recognized as a global
problem (WHO 1990).

Certain microorganisms are capable of converting all of inorganic mercury in organic methyl
mercury, which is then released into the water and may accumulate in the marine organisms
(Bose O'Relly et al., 2010). All forms of mercury and its compounds are potentially toxic and
their toxicity depends on a concentration in individual organisms (Sreboc€an et al., 2007). In
the human body can be entered by inhalation or ingestion. As of the total mercury intake of
food, 60 to 90% is represented by fish, fishery products, bivalve molluscs and cephalopods,
They are a representation of its main sources (Berglund et al., 2005; Elhamri et al., 2007).
Contamination with mercury is very high in some fish causing harmful effects to human
health in people who consume large amounts of fish (Hites et al., 2004).

Table 1. Mercury in the environment

Environment Quantity
Earth's crust 0.08 mg/kg
Ground 0.1-0.5 ug/kg, contaminated soil to 0.2 mg/kg
Atmosphere 40 ng/kg
Seawater 2-10 ng/m3, deposits of ore and 1.500 ng/m3, in rainwater 2-5 ng/kg

These findings have led to improved control of these products in the world why in the BH set
Regulation on maximum permitted levels for certain contaminants in foodstuffs ("Official
Journal of Bosnia and Herzegovina", no. 37/09 and 39/12).

As the aim of this study was determined to establish the content of total mercury in fish and
fish products to assess the contamination with these toxic metals, determine compliance with
valid regulations, contributing to the considerations in the risk from consuming fish and fish
products marketed Republic of Srpska.

MATERIALS AND METHODS

The total mercury concentration was measured in samples of fish and fish products that are
given to testing upon the request of veterinary inspection with the Republic of Srpska. The
study included 48 samples of fish and fish products: fresh fish, 33 samples of frozen fish
samples 9 and 6 samples of canned fish (tuna four samples, one sardine and mackerel one).
These data were collected at the end of 2013th and during the 2014th year. Fish, which is
delivered in the fresh or frozen, stored at -20 °C until the time of analysis, and the
temperature for canned refrigerator. Before the analysis, edible parts of fresh and frozen fish
are chopped into pieces 2-3 cm thick and homogenized, while the cans after tempering at
room temperature, homogenized immediately after opening. Quantification of mercury was
0,005 mg/kg.

The amount of total mercury was determined by mercury analyzer Advanced Mercury
Analyser AMA-254 (Altec, Prague, Czech Republic). In the combustion furnace, the
homogenised sample (100 mg (uL)) is first dried at 120 °C for 60 s, and then under a stream
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of oxygen at 850 °C undergoing phase decomposition during 150 s. Decomposition Products,
a stream of oxygen, passing through a catalytic furnace at 700 °C at which retain nitrogen
and sulfur oxides. Mercury is catching on Au-amalgamator. Selectively releasing trapped
alive with amalgamat short warming and mercury vapor is transported into the cell for
measurement in which the mercury finally quantify (measurement cycle, 45 s) at the
appropriate wavelength (253.65 nm).

For the preparation of standard solution used was a standard mercury concentration of 1000
mg/l. In order to improve the stability of the diluted primary standards, the following
chemicals were used: 10% (m/v) solution of K,Cr,O, conc. HCI and conc. HNO; and was
used as a solvent with ultra-pure water.

RESULTS AND DISCUSSION

Mercury has been detected in all samples of fish and fish products (48 samples). Results of
the analyses of different types of fish and fish product are shown in Table 2. Based on these
results, it can be concluded that there are differences in the content of mercury in fish and
fish products. The concentration of mercury in fresh fish ranged from 0,006 to 0,136 mg/kg
(average 0,049 mg/kg), frozen fish from 0,005 to 0,026 mg/kg (average 0,017 mg/kg),
canned mackerel and sardines from 0,045 to 0,060 mg/kg and canned tuna from 0,111 to
0,256 mg/kg (average 0,178 mg/kg). The greatest mercury content variations were found in
canned tuna in oil (Figure 1).

According to the Regulation on the maximum residue limits for certain contaminants in
foodstuffs ("Official Journal of BiH", no. 37/09 and 39/12) the Maximum Residue Limit (MRL)
for mercury in tuna is 1 mg/kg, while for all other species, which were the subject to testing,
are 0,5 mg/kg. In all tested samples, the mercury content is below the Maximum Residue
Limits (MRL).

Based on the test results, we found that mercury concentrations were significantly higher in
samples of canned tuna compared to mercury concentrations determined in fresh and frozen
fish. The largest amount of mercury was found in canned tuna meat pieces in vegetable oil
(0,256 mg/kg) and tuna meat pieces in olive ail (0,229 mg/kg), while the lowest content was
measured in the fresh trout meat and frozen pangasius (0,005 mg/kg). Slightly higher results
than the minimum amounts specified above, were found in fresh carp (0,006 mg/kg) and sand
smelt (0,008 mg/kg) (Table 1).

Previous studies have shown that the effect of mercury and contamination by this element is
associated with the length, weight, age and sex of fish (Agus et al., 2005; Emami, 2005;
Storelli, 2002; De Marco, 2006). Season and place, both greatly affect the level of
accumulation of toxic elements in fish (Kagi and Schaffer, 1998). As a result of
bioaccumulation and biomagnification, the highest concentrations of mercury in marine
organisms, can be recorded in top predators such as swordfish, tuna, shark, whales, etc. Our
test results of tuna are in agreement with results reported by Burger and Gochfeld (2005),
Kagi and Schaffer (1998), Soylak (2007), Boada (2011), but not in agreement with results
reported by Najdek and Bazuli¢ (1983), who found mercury concentrations to be higher than
the permissible amount.

Mercury concentrations obtained by this study, 0,006 to 0,256 mg/kg, are lower than the
results obtained by Holden (1973) (0,82 to 1,2 mg/kg) and Fricke et al., (1979) (0,04 to 0,44
mg/kg) in canned fish and also lower than the mercury concentrations (0,3 to 0,59 mg/kg),
determined by Roxanne et al. (2012). According to Khansari et al. (2005), in canned tuna,
the mercury content ranged from 0,043 to 0,253 mg/kg, which is in agreement with our
results. Concentrations of mercury in canned fish, published by the FDA (2000), ranged
between 0,082 to 0,160 mg/kg which is lower than the results obtained in our study. Djinovic
et al. (2010) demonstrated the presence of mercury in the samples of carp meat, ranging
from 0,005 to 0,045 mg/kg, which is similar to our results. Higher concentrations of mercury
than those revealed by our examination of river carp samples, were reported by Andreji et al.
(2006), which proved the presence of mercury from 0,46 to 0,95 mg/kg and Trbovic et al.
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(2011), which determined average concentration of 0,099 mg/kg. Karadede and Unlu (2000)
have not proved presence of mercury in samples of lake carp.
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Figure 1. Variations of the concentration of mercury within the same fish species and amongdifferent
species of fish

Table 2. Mercury residues (mg/kg) in fish and canned fish samples

Species Number Total mercury content MRL

of (mg/kg of product wet weight) mg/kg
samples  average Std dev. min max

FRESH FISH

Sea bass 7 0,102 0,022 0,070 0,136 0,50

Sea bream 8 0,078 0,027 0,044 0,110 0,50

Carp 15 0,022 0,014 0,006 0,050 0,50

Trout 3 0,011 0.005 0,005 0,014 0,50

FROZEN FISH

Salmon 1 0,015 - 0,015 0,015 0,50

Pangasius 1 0,005 - 0,005 0,005 0,50

Hake 2 0,022 0,006 0,017 0,026 0,50

Mackerel 1 0,022 - 0,022 0,022 0,50

Sand smelt 4 0,018 0,008 0,008 0,025 0,50

CANS

Sardines (in 1 0,006 - 0,006 0,006 0,50

vegetable oil)

Mackerel (fillets in 1 0,045 - 0,045 0,045 0,50
vegetable oil)
Tuna in vegetable 4 0,178 0,076 0,111 0,256 1,0

or olive oll

CONCLUSIONS

1.Concentration of mercury in all samples was below than maximum allowed level.

2.Larger total mercury was found in the muscle meat of fish that are at the end of the food
chain.

3.The largest amount of mercury, whose concentration was 0,256 mg/kg, determined in cans
of tuna pieces in vegetable oil.

4.Lowest mercury was found in the fresh trout and frozen pangasius (0,005 mg/kg), fresh
carp (0,006 mg/kg) and sand smelt (0,007 mg/kQ).

5.Based on test results of mercury, there is no serious risk to human health associated with
the consumption of fish and fish products in the territory of the Republic of Srpska.
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6.1t is necessary to carry out more research and evaluation of the quality of fish and fish
products in order to provide more data and thus significantly contribute to the preservation of
human health.

REFERENCES

Agus, T., Swear, T., Yasung, G., lwata, H., Subramanian, A., Ismail, A. and Tanabe, S. (2005). Concentration of
trace elements in marine fish and its risk assessment in Malaysia. Marine Pollution Bulletin, 51, 896-911.

Andreji, J., Stranai, |., Massanyi, P., Valent, M. (2006). Accumulation of Some Metals in Muscles of Five Fish
Species from Lower Nitra River. Journal of Environmental Science & Health, Part A: Toxic/Hazardous
Substances & Environmental Engineering, 41, 2607-2622.

Anon, (2003). Nutritional aspects of fish, Bord iascaigh Mharim / Irish Sea Fisheries Board PO Box No.. 12,
Crofton Road, Dun Laoghaire, Co.Dublin.

Baltic, M. W,. Teodorovic, V. (1997). Hygiene of meat, fish, crustaceans and molluscs, Faculty of Veterinary
Medicine, Belgrade.

Baltic, Z. M. Tadic, R. (2001). Production and consumption of meat and fish in the world in our flesh
Technology, 42 (5-6), 345-357.

Berglund, M., Lind, B., Bjérnberg, C. A., Palm, B., Einarsson, O., Vahter, M. (2005). Inter-individual variations
of human mercury exposure biomarkers: a cross-sectional assessment. Environ Health: A Global. Access
Science Source, 4, 20.

Boada, NO, Twumasi, SK, Badu, M. Osei, I. (2011). Heavy metal contamination in canned fish marketed in.
Pm. J. Sci. Indus. Res., 2 (6), 877-882.

Bose-O'Reilly, S., McCarty, M. K., Steckling, N., Lettmeier, B. (2010). Mercury Exposure and Children’s
Health Curr Probl Pediatr. Adolesc Health Care, 40, 186-215.

Burger, J., Gochfeld, M. (2005). Heavy metals in commercial fish in New Jersey. Environmental Res., 99, 403-412.

Burger, J., Gochfeld, M. (2009). Perceptions of the risks and benefits of fish consumption: Individual choices
to reduce risk and increase health benefits. Environmental Research, 109, 343-349.

Cai, Y. (2000). Speciation and analysis of mercury, arsenic and selenium by atomic fluorescence
spectrometry. TRAC Trends in Analytical Chemistry, 19, 62-66.

Connor, E. W. (2000). Importance of n-3 fatty acids in health and disease. American Journal of Clinical
Nutrition, 71, 171-175.

De Marco, S.G., Botte, S.E., Marrcovecchio, I.S. (2006). Mercury distribution in the biotic and biological
compartments within several estuarine systems from Argentina, 1980-2005 periods. Chemosphere, 65,
213-223.

Djinovic, J., Trbovic, D., Vranic, D., Jankovic, S., Spiric, D., Radievi¢ T., Spiric, A. (2010). Condition of
ecosystems, the quality, the meat of carp (Cyprinus carpio) of aquaculture in the course of cultivation.
Technology of meat, 51, 124-132.

EFSA (European Food Safety Authority) (2005). Opinion on the Scientifi c Panel on Contaminants in the Food
Chain on a request from the European Parliament related to the safety assessment of wild and farmed
fish. EFSA Journal, 236, 1-118.

Elhamri, H., Idrissi, L., Coquery, M., Azemarde, S., El Abidi, A., Benlemlih, M., Saghi, M., Cubadda, F. (2007).
Hair mercury levels in relation to fish consumption in a community of the Moroccan Mediterranean coast.
Food Addit Contam, 24, 1236-1246.

Emami Khansari, F., Ghazi-Khansari, M., Abdollahi, M. (2005). Heavy metals content of canned tuna fish.
Food Chemistry, 93, 293-296.

FDA. (2000). Total diet study statistics on element results. Washington, DC: U.S. Food and Drug
Administration.

Fricke, F.L., Robbins, W.B, & Caruso, A. (1979). Trace element analysis of food and beverages by atomic
absorption spectrophorometery. Progress in Analytical Atomic Spectroscopy, 2, 185-286.

Gerbersmann, C., Heisterkamp, M., Adams, F.C., Broekaert, J.A.C. (1997). Two methods for the speciation
analysis of mercury in fish involving microwave-assisted digestion and gas chromatography-atomic
emission spectrometry. Analytica Chimica Acta, 350, 273-285.

Hightower, J. M., O’'Hare, A., Hernandez, G. T. (2006). Blood Mercury Reporting in NHANES: Identifying Asian,
Pacific Islander, Native American, and Multiracial Groups. Environ Health Perspect., 114(2), 173-175.

Hites, R. A., Foran, J. A., Carpenter, D. O., Hamilton, M. C., Knuth, B. A., Schwager, S. J. (2004). Global
assessment of organic contaminants in farmed salmon. Science, 303(5655), 226—229.

Holden, A. V. (1973). Mercury in fish and shellfish, and review. Journal of Food Technology, 8, 1-25.

Hunter, B. J., Roberts, D. C. K. (2000). Potential impact of the fat composition of farmed fish on human health.
Nutrition Research, 20, 7, 1047-1058.

Kagi, J. H., Schaffer, A. (1998). Biochemistry of metallothionein. Biochemistry, 27, 8509 to 8515.

Karadede H., Unlu E. (2000). Concentrations of some heavy metals in water, sediment and fish species from
the Ataturk Dam Lake (Euphrates). Turkey. Chemosphere, 41, 1371-1376.

Khansari, F.E., Ghazi-Khansari, M., Abdollahi, M. (2005). Heavy metals content in canned tuna fish. Food
Chem, 93, 293-296.

32


http://www.ncbi.nlm.nih.gov/pubmed/?term=Hightower%20JM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=O%26%23x02019%3BHare%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hernandez%20GT%5Bauth%5D

Il International Congress “Food Technology, Quality and Safety”

Kilibarda, N. (2006). The effect of freezing on the selected parameters in the smoked trout. Magistraska
thesis, Faculty of Veterinary Medicine, University of Belgrade from 0.1 to 115.

Mazloomi, S., Esmaili-Sari, A., Ghasempouri, M., Omidi, A. (2008). Mercury distribution in Liver, Kidney,
Muscle and Feathers Caspian Sea Common Cormorant (Phalacrocorax carbo). Research Journal of
Environmental Sciences, 2 (6), 433-437.

Mozaffarian, D., Ascherio, A., Hu, F. B., Stampfer, M. J., Willett, W. C., Siscovick, D. S., Rimm, E. B. (2005).
Interplay between different polysaturated fatty acids and risk coronary heart disease in men. Circulalation,
111, 157-164.

Najdek, M., Bazuli¢, D. (1983). Remains of total and methyl mercury in some fish and shellfish northern
Adriatic. Arch Toxicol Ind Hyg, 34, 229-232.

Pacyna, E.G., Pacyna, J.M., Sundseth, K., Munthe, J., Kindbom, K., Wilson, S., Steenhuisen, F., Maxon, P.
(2010). Global emission of mercury to the atmosphere from anthropogenic sources in 2005 and projections
to 2020.Atmospheric Environment 2010, 44, 2487-2499.

Pavli¢evi¢, N., Baltic, Mz, Dimitrijevic, M., Karabasil, N., Djordjevic, V., Markovic, R., Grbic, S. (2014).
Polyunsaturated fatty acids in fish meat and their significance for human health, Meat Technology, 55 (1), 1-7.
Queuvallier, P., Filippelli, M., Horvat, M. (2000). Method performance evaluation for methylmercury

determination in fish and sediment. TRAC Trends in Analytical Chemistry, 19, 157-166.

Regulation on maximum permitted levels for certain contaminants in foodstuffs ("Official Journal of BiH", no.
37/09 and 39/12).

Rom, W. N. (2007). Environmental and Occupational Medicine. Environmental and Occupational Exposures-
Metals. In: Rom WN (ed.) Environmental and Occupational Medicine. Lippincott, Williams & Wilkins,
Philadelphia, USA, 991-998.

Roxanne, K., Timothy, P., Fitzgerald and Nicholas, S.F. (2012). A Quantitative Synthesis of Mercury in Seafood
and Commercial Implications for Exposure in the United States. Environmental Health Perspectives, 120, 11.

Soylak, M. (2007). Determination of trace metals in canned fish marketed in Turkey. Food Chemistry, 101,
1378-1382.

Srebocan, E., Pompe-Gotal, J., Prevendar-Crnic, A., Ofner, E. (2007), Mercury concentration in captive
Atlantic bluefin tuna (Thunnus thynnus) farmed in the Adriatic Sea. Veterinari Medicina, 52(4), 175-77.

Storelli, M. M. (2008). Potential human health risks from metals (Hg, Cd, and Pb) and polychlorinated
biphenyls (PCBs) via seafood consumption: Estimation of target hazard quotients (THQs) and toxic
equivalents (TEQs). Food Chemical Toxicology, 46 (8), 2782-2788.

Storelli, M.M., Giacominelli-Stuffler, R., Marrcotrigiano, G.O (2002). Total and methylmercury residues in
cartilaginous fish from the Mediterranean Sea Marine Pollution. Bulletin, 44, 1354-1358.

Sveinsdéttir, K., Martinsdottir, E., Green-Petersen, D., Hyl-dig, G., Schelvis, R., Delahunty, C. (2009). Sensory
char-acteristics of different cod products related to consumer preferences and attitudes. Food Quality and
Preference, 20, 120-132.

Trbovic, D. Jankovic, S. Cirkovic, M., Nikolic, D., Matekalo-Sverak, V. Djordjevic, V., Spiric, A. (2011). Safety
and meat quality of some freshwater fish Serbs. Technology of meat, 52, 2, 276-282.

World Health Organisation (WHO 1990). Environmental Health Criteria 101: methylmercury. Geneva,
Switzerland: World Health Organization.

Zatsick, N. M., Mayket, P. (2007). Fish Oil - Getting to the heart of it. The Journal for Nurse Practitioners, 104-109.

33



Il International Congress “Food Technology, Quality and Safety”

PORK MEAT AS A FUNCTIONAL FOOD

Eleftherios Bonos®, Panagiota Florou-Paneri*, Efterpi Christaki®, llias Giannenas®, loannis Skoufos?,
Anastasios Tsinas®, Athina Tzora®, Jian Peng®

!Laboratory of Nutrition, Faculty of Veterinary Medicine, Aristotle University of Thessaloniki, 54124
Thessaloniki, Greece
’Department of Animal Production, Technological Institute of Epirus, 47100 Arta, Greece.
3Laboratory of Animal Nutrition and Feed Science, Animal Nutrition and Feed Science Department,
Huazhong Agricultural University, 430010 Wuhan, China.

*Corresponding author: Panagiota Florou-Paneri
E-mail address: ppaneri@vet.auth.gr

ABSTRACT

The term “functional foods” can include simple foods, technologically treated food products and/or
their active components that can be used to prepare fortified foods, or can be consumed separately
from foods as supplements. Several epidemiological studies have provided evidence that foods should
no longer be considered only for their nutritive value, but also for their potential positive effects in
preventing or protecting against serious chronic diseases, especially those associated with a Western
lifestyle. These diseases include neoplastic, cardiovascular, or neurodegenerative ailments, cataracts,
diabetes, metabolic syndromes, and inflammatory/degenerative processes associated with aging.
Accordingly, it is possible that pig diets can be enriched with certain bioactive feed additives or raw
materials such as aromatic plants, vitamins, trace elements, chelated substances, probiotics,
prebiotics, plant and fish oils, seaweeds, which have antioxidant, antimicrobial, immunomodulatory or
anti-inflammatory properties. Therefore, “functional” pork meat and meat products can be produced
with enhanced beneficial properties. These new generation products may have a healthier
composition and/or compounds that are highly sought by consumers that want or are obliged to follow
a specific diet due to health reasons.

Keywords: pork meat, functional foods, bioactive ingredients, health benefits

INTRODUCTION

Recently, “functional foods” have become popular, despite the fact that this term has never
been officially defined. An acceptable definition by nutritionists is: “A food can be regarded as
functional if it is satisfactorily demonstrated to affect beneficially one or more target functions
in the body, beyond adequate nutritional effects, in a way that is relevant to improved state of
health and well-being and/or reduction of disease risk” (Zhang et al., 2010).

The first country to develop the idea of functional foods and establish regulations for their
uses was Japan in the 1980s (Kwak & Jukes, 2001). The increase of functional food
consumption in Japan and USA has also been favored by the respective public authorities,
who consider functional foods a possible tool in reducing public health costs (Decker & Park,
2010).

Functional foods can be classified into two main categories according to their expected
effects: those aiming to improve physiological functions, and those aiming to reduce the risk
of specific pathological conditions (Diplock et al., 1999).

The main ingredients used in functional foods include probiotics, prebiotics, synbiotics,
vitamins, minerals, antioxidants, phytobiotics, proteins, peptides, amino acids, and fatty acids
such as omega-3 fatty acids and conjugated linoleic acid (CLA).

Nowadays, functional pork meat and meat products can be produced with enhanced
beneficial properties. Such novel products are designed to have a modified composition that
is highly sought by consumers that want or are obliged to follow a specific diet due to health
reasons.
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Pork meat and its role as functional food

Chemical composition

Pork meat offers excellent nutritive and dietetic properties for the human consumer. Its
proximate composition demonstrates high protein content (19.1 — 23,4%) in lean tissue
(Skobrak et al. 2011) with high levels of essential amino acids. Mineral content in meat is
also constant at around 1.2-1.3 %. The leanest cut of pork meat in the carcass is the loin,
with an average lipid content of 1.8 %, whereas the fattest portion of meat tissue has an
average lipid content of 10 %. The most quantitatively important cut is the hind leg, and its
lipid content is quite low (on average 3.4 %) compared to the other meats. Meat
consumption, including pork, has previously been linked with an increased incidence of
obesity, type 2 diabetes and cardiovascular diseases, however, fat intake rather than lean
meat or protein has been associated to those conditions (Lombardi-Boccia et al., 2005).

Mineral content

Moreover, pork meat is considered as a rather good source of iron and zinc. Heme iron in
meat has the advantage of being more biologically available than the iron in plant-based
products, with availability ranging from 72 to 87% in red meats, and from 56 to 62% in rabbit
and pork meats (Lombardi-Boccia et al., 2005). It is noteworthy that the iron content in meat
was found to be higher in local breeds reared extensively compared to the commercial
breeds reared conventionally.

Pork meat is characterized by low sodium contents: 37 mg/100 g for loin and 50 mg/100 g for
hind leg (Romans et al., 1994). Reduced sodium intake has recently been recommended to
limit arterial hypertension, especially in sodium sensitive individuals. Phosphorus is the
second-most abundant mineral in meats, and pork meat has a relatively high content (180
mg/100 g for loin). Selenium is an essential trace mineral due to its role in regulating various
physiological functions as an integral part of selenoproteins that are part of the body's
antioxidant defense system. Selenomethionine is a common source of organic selenium in
foods. Since, it is incorporated into general proteins as methionine, animal meat can be
feasibly enriched with selenium by feeding to animals supra-nutritional levels of
selenomethionine. In pigs the fortification of diets with selenium increased lipid oxidative
stability of the muscle tissue (Mahan et al., 1999; Krska et al., 2001). Zinc is also contained
in antioxidant enzymes (superoxide dismutase and glutathione peroxidase) in some animal
species, and thus the effects of dietary supplementation with zinc on pork meat oxidation
have been investigated. A study of Li et al. (2007) showed that exogenous zinc-
metallothionein (Zn-MT) had an anti-oxidative function and improved pork quality.

Vitamin content

Meat is an important source of bioavailable B vitamins and especially vitamin B;,, which is
found only in foods that originating from animals. Their concentrations vary significantly not
only among meats of different species but also among different carcass parts; also, heat
treatment lowers its content (Lombardi-Boccia et al., 2005). It is reported that a portion of 100
g of pork meat provides up to three times the recommended daily intake of vitamin Bi,
(Williams, 2007).

Folate is essential for normal cell growth and replication. Enriched meat with folate can yield
a potentially functional product, since folate deficiency can lead to several health problems,
most notably, neural tube defects in developing embryos. Folate like substances may have
similar effects to antibiotics and cytotoxic drugs in the treatment of cancer, autoimmune
diseases, psoriasis, and bacterial and protozoal infections (Kamen, 1997). Manipulation of
the folate level in the pork meat can help supply a substantial portion of the daily
recommended consumption levels (Rooke et al. 2010).

Vitamin E is essential for growth, immune function enhancement, tissue integrity,
reproduction, disease prevention, and antioxidant function in biological systems. Meat
products could become even better sources of vitamin E through meat fortification or dietary
supplementation with a- tocopheryl acetate. The main benefits in fortifying meat and meat
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products with a-tocopheryl acetate are its high antioxidant activity, the fact that its presence
in muscle cell membranes reduces lipid oxidation, and also that it is possibly involved in
limiting protein oxidation. Vitamin E supplementation extends meat shelf life and also
improves quality characteristics like color, flavor, and texture (Boler et al., 2009). Other
possible effects of vitamin E fortification have been reported (Zhang et al., 2010), such as
increased water holding capacity and reduced pale, soft, exudative meat (PSE) development
in poultry and pigs. Like other meats, pork meat can be fortified with vitamin E through
dietary supplementation. Studies have shown that the vitamin E content in pork meat can be
more than doubled by dietary supplements of 200 mg a- tocopheryl acetate/kg (Boler et al.,
2009; Cardenia et al., 2011).

Fatty acid composition

Fatty acid composition has a considerable effect on the diet/ health relationship because
each fatty acid affects plasma lipids differently. Pork meat lipids usually contain less than
50% saturated fatty acids (SFA) of which only 25-35% have atherogenic properties, and up
to 60% unsaturated fatty acids, monounsaturated or polyunsaturated ones (Decker & Park,
2010). For this reason, meat cannot be described in general as being a highly saturated
food, especially when compared to other products (e.g. certain dairy products). In general,
SFA increase low density lipoprotein (LDL) cholesterol levels in the plasma and thus
increase cardiovascular (CVD) risk, while polyunsaturated fatty acids (PUFA) decrease LDL
cholesterol levels (Whitney & Rolfes, 2002). As a result, there is much interest in increasing
PUFA, especially long chain n-3 PUFA, which have many known beneficial effects (Harris,
2007) in meat and meat products. Whether dietary fortification with PUFA sources is
performed, antioxidant fortification must also be provided for a protective effect.

The fatty acid profile of pork meat can be modified by feeding and, to a limited extent, by
selection and housing conditions. Studies on pigs have recently demonstrated a meaningful
genetic variation for long-chain PUFA metabolism that only partly depends on the carcass
and muscle fat content, and this may allow selection for improved fatty acid composition
(Ntawubizi et al., 2010). Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are
the most bioactive form of n-3 fatty acids (Decker & Park, 2010); these two functional food
ingredients can be increased in pork meat through animal feeding. Also, linoleic acid (18:2 n-
6) is a major ingredient in feeds for all species; derived entirely from the diet, its incorporation
into adipose tissue and muscle in proportion to the amount in the diet is greater than that of
other fatty acids (Wood et al., 2008).

In many studies, linseed supplementation was performed from weaning up to slaughter pigs;
short term dietary supplementation has also been effective. Increasing the n-3 content in
animal meats can be achieved by including fish oil/fish meal in the diet (i.e. rich in EPA and
DHA), linseed (oil) and/or forages (i.e. rich in linolenic acid (LNA)). Diets rich in LNA result in
an increased level of LNA, EPA and docosapentaenoic acid (DPA) in the meat, while in most
cases no effect on intramuscular DHA level was observed. Increasing DHA contents in meat
was mainly achieved when fish oil/fish meal was included in the animals’ diet (Christaki et al.
2011). In most studies, increased n-3 content in the intramuscular fat was accompanied with
a decreased n-6 deposition, mainly due to a lower n-6 dietary supply between the
treatments. This resulted in a more favourable n-6/n-3 ratio in the meat while the
polyunsaturated fatty acid/saturated fatty acid (P/S) ratio was less affected (Raes et al.
2004).

Monogastrics are unable to synthesize CLA, therefore the CLA present in their meat comes
from the diet. CLA concentrations in monogastric animal meats can be increased (Kawahara
et al., 2009), for example up to 130 fold in pig L. dorsi muscle (Joo et al., 2002), by
supplementing diets with synthetic CLA. In addition, in pigs, dietary CLA supplements
increased lean tissue deposition and decreased fat deposition (Ostrowska et al. 1999). The
above researchers report that in pigs fed with CLA supplements the rate of lean tissue
deposition was maximized at 5.0 g CLA /kg feed, whereas the depression in fat deposition
was linear up to at least 10 g CLA/Kg.
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Cholesterol content

Feeding can also influence pork meat cholesterol content (Decker & Park, 2010).
Considering the potential human health implications of cholesterol intake, this aspect is
relevant and all feeding strategies must be directed to achieving the lowest cholesterol
content. Martins et al. (2005) found that feeding whole blue lupin seeds to pigs for 3 weeks
exerted a marked hypocholesterolemic effect as the consequence of a marked decrease in
the intestinal absorption of cholesterol, probably modulated by bile acid reabsorption and
blue lupin phytosterols. According to the above researchers, bile acid metabolism was
stimulated by blue lupin consumption.

Lipid oxidation and antioxidants

Meat with increased polyunsaturated fatty acids (PUFA) content, shows an increased
oxidative rate because of the tendency of unsaturated fatty acids (mainly those with more
than two double bonds) to oxidize and reduce meat and meat product shelf-life (Wood et al.,
2004). The problem is even more serious when meat is minced, stored for long time, or
cooked (Lee et al., 2006). The lipid oxidation rate can be effectively retarded using
antioxidant vitamins, such as vitamins A, C and E. These antioxidant vitamins could be used
in animal feeding or during meat processing (exogenous addition) for both covering human
requirements and enhancing meat lipid stability; having in mind, as well, that they are
consumed at less than their recommended intake levels by many consumers.

Some herbs and spices (rosemary, sage, green tea, clove, cinnamon, nutmeg, rose petals)
could be efficient food ingredients in improving the shelf life of (mainly processed) meats
vulnerable to oxidative changes because they contain many phytochemicals that are
potential sources of natural antioxidants, including flavonoids, tannins, phenolic acids, and
phenolic diterpenes, while also promoting anti-inflammatory, antimicrobial and anticancer
activities (Zhang et al., 2010). Other natural antioxidants extracted from plants, such as
soybean, citrus peel, sesame seed, olives, carob pod, and grape skin could also be used for
their equivalent or greater effect on lipid oxidation inhibition (Fernandez-Ginés et al., 2005).
In raw and cooked meat of several species and in meat products like sausages, patties and
meatballs, some herbs and spices are added to improve flavor (rosemary extracts, sage,
garlic), retard lipid oxidation-induced deterioration (rosemary extracts, green tea leaves,
clove, garlic, sage, oregano), inhibit microorganism growth (clove, sage, oregano), and lower
the risk of some diseases (green tea). In particular, encouraging results in terms of
antioxidant activity were obtained after treating raw and minced pork and beef with oregano
and sage essential oils during a 12-day storage period. The effect was greater in cooked
than in raw meat (Fasseas et al., 2007).

In a study of Janz et al. (2007) the antioxidant activity of several essential oils from aromatic
plants in pig diets has been shown. In this study the performance of finisher pigs on diets
containing 0.05% of essential oils or oleoresins of rosemary, garlic, oregano, or ginger, were
assessed and the effect of these diets on pork quality was determined. The pigs preferred
the garlic-treated diet, and feed intake and average daily gain were significantly increased
although no difference in feed efficiency was observed. Carcass and meat quality attributes
were unchanged by dietary treatment, although a tendency towards reduction of lipid
oxidation was noted in oregano-fed pork.

Moroney et al. (2012) investigated the effect of supplementation of pig diets with a seaweed
extract containing laminarin and fucoidan that was manufactured from brown seaweed
(Laminaria digitata) and found a significant reduction in lipid oxidation in Longissimus dorsi
steaks from pigs fed with brown seaweeds compared to controls. Iron-induced lipid oxidation
increased in liver, heart, kidney and lung tissue homogenates over the 24 h storage period,
whereas dietary seaweed reduced lipid oxidation to the greatest extent in liver tissue
homogenates. These results demonstrate potential for the incorporation of marine-derived
bioactive antioxidant components into muscle foods via the animal's diet.

37



Il International Congress “Food Technology, Quality and Safety”

CONCLUSIONS

Functional foods are a tool that can possibly be used in reducing public health costs. The
consumption of pork meat in regular quantities could provide consumers with bioactive
compounds because pig diet manipulation is very effective in increasing levels of PUFA,
EPA, DHA, CLA, vitamin E, selenium etc. Also, lowering the n-6/n-3 ratio plays a key role in
controlling CVD and other chronic diseases. Compared to meats of other animal species,
pork lean meat has lower cholesterol contents and high levels of protein with essential amino
acids. Pork meat is a significant source of vitamins of group B and is characterized low
sodium content. Dietary fortification with PUFA, long chain n-3 fatty acids, vitamin E, and
selenium, etc. meets the criteria required for pork meat to be considered as functional food.
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ABSTRACT

This research was conducted in order to examine changes in osmotic dehydrated fish (Carassius
gibelio) by using hypertonic solutions. The changes were followed in three different osmotic solutions
sugar beet molasses (solution 3), the mixed solution of sodium chloride and sucrose(solution 1) and
combination of these solutions in a 1:1 ratio (solution 2), under atmospheric pressure, at temperature
of 50 C. The effects of osmotic dehydration on mineral composition, water activity and microbiological
safety of fish, were investigated in order to determine the usefulness of this technique as pre-
treatment for further treatment of fish. Osmotic dehydration of fish meat in sugar beet molasses
(solution 3) lead to significant increase of Mg and Fe content, approximately 2 times. Influence of
sugar beet molasses on the chemical composition of fish meat could be noticed. Amount of tracked
minerals in fish meat increased for Ca and Na, while amount of K did not changed during dehydration
in solution with sugar beet molasses. After five hours of immersion in all three solutions content of Hg
in fish meat was reduced. Water activity of the fresh fish meat was 0.944+0.007, while the results
obtained after the 5 hours of osmotic dehydration process varied from 0.863+£0.012 (solution 2) to
0.833+0.009 (solution 3). The reduction of microbial populations in addition to reducing the water
activity value was influenced by the temperature treatment, which amounted to 50 C. Bacterial count
was reduced from 5 log CFU-g™ to 3 log CFU-g™ which is considered as microbiological limit for good
fish meat quality.

Keywords: Osmotic dehydration, fish, mineral and microbiological

INTRODUCTION

Fish is one of the sources of proteins, vitamins and minerals, and it has essential nutrients
required for adults diet (Abdullahi et al., 2001). Fresh fish is a very perishable food, as a
result of its specific composition and structure (Balti¢ et al., 2009). Water activity (aw) is a
physical property that has a direct implication for microbiological safety of food. Micro-
organisms generally grow best between aw values 0.995-0.980, while most microorganisms
cease growth at aw<0.900 (Gibbs et al., 2001).

Dehydration of fish meat is one of the key processes in fish processing. The prime reason for
fish drying is to reduce the moisture content of the non-aqueous material to such a level that
insufficient water remains to support the growth of the microorganisms which feed on it
(Oladipo and Bankole, 2013).

One of the potential preservation techniques for producing products with low water content
and improved nutritional and functional properties is osmotic treatment. During the osmotic
treatment, partial mass transfer is caused by the difference in the osmotic pressure: water
outflow from the product to the solution, the solute transfer from the solution to the product,
and leaching out of the products own solutes (Koprivca et al., 2001). The main advantages
of osmotic treatment are water removal in liquid form, usage of mild temperatures, energy
efficiency, providing a stable and quality product (Della Rosa and Giroux, 2001; Pezo et al.,
2013). Since osmotic dehydration is more economical than thermal drying, allows microbial
quality preservation of food and makes changes in their nutritive quality, it is often used as a
pre-treatment for drying of fish (Collignan et al, 2001).
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The type of the osmotic solution plays a very important role in the osmotic treatment,
because has a great influence on the kinetics of water removal and solid uptake (Nicetin et
al., 2013). Solutions containing salt and sugar are common osmotic agents for food
dehydration (Azoubel and Murr, 2004; Collignan et al, 2001). Salt solutions, because of their
influence on water activity depression, are widely used in traditional fish meat processing
(Barat et al., 2011).

Sugar beet molasses is an excellent medium for osmotic treatment, primarily due to the high
dry matter (80%) and specific nutrient content (Koprivica et al, 2009; Levi¢ et al, 2007). From
nutrient point of view, an important advantage of sugar beet molasses, as hypertonic
solution, is enrichment of the food material in minerals and vitamins, which penetrate from
molasses to the meat tissue (FilipoviC et al., 2012a).

The Gibel carp(Carassius gibelio) is one of the dominant species in stagnant and slow-
running waters and may change the flow of nutrients in the entire ecosystem (Paulovits et al.,
1998). Generally, Carassius gibelio is only freshly consumed. There are not many processing
techniques for this fish except smoking (Izci, 2010).

The aim of this work was to examine the influence of three different type of hypertonic
solution on the microbiology profile and minerals content of fish meat after osmotic
dehydration at temperature of 50°C.

MATERIAL AND METHODS

Raw material and sample preparation

Carassius gibelio samples were purchased in a local market in Novi Sad (Serbia) and stored
at 4°C until use. Prior to the treatment, all working areas and tools were thoroughly washed,
cleaned and disinfected with pharmaceutical ethanol (70 vol.%).The fish meat was cut into
shapes, dimension of nearly 1x1cm, using a sharp knife.

Osmotic solutions

For the preparation of osmotic solutions were used commercially available sodium chloride
and sucrose, and sugar beet molasses from sugar factory Pedinci, Serbia. Then, the
samples were immersed in hypertonic solution R; (NaCl + sucrose), solution R, (NaCl +
sucrose+ sugar beet molasses in the ratio 1:1) and solution R (sugar beet molasses).
The ratio of raw material and hypertonic solution was 1:5, and the immersion time was 5
hours. Osmotic dehydration was carried out at atmospheric pressure and temperature of
50°C. After the treatment, samples were taken out from osmotic solutions to be lightly
washed with water and gently blotted with absorbent paper to remove excessive water.

Analytical procedures

Water activity (aw) was measured using a water activity measurement device (TESTO 650,
Germany) with an accuracy of £0.001 at 25°C.

Determination of the total number of bacteria, Escherichia coli, coagulase positive
staphylococci and sulphite reducing clostridia was done by the (SRPS EN ISO 4833, 2008);
SRPS ISO 16649-2, 2008; SRPS EN ISO 6888-1, 2003; SRPS ISO 15213, 2003). All
analyses were performed in triplicates and results will be represented as mean values.

Statistical analysis
Average results of triplicate samples were submitted to statistical analyses. Results were

analysed using analysis of variance of the Statistica 10 for Windows, Stat Soft, Tulsa,
Oklahoma, USA, 2009. Significant differences between means were determined at p<0.05.

RESULTS AND DISCUSSION

The changes in the microbial flora of fresh fish meat during dehydration in three different
osmotic solutions are shown in Table 1. Results of microbial analysis of fresh and treated fish
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by osmotic treatment show the absence of pathogenic bacteria. The total number of bacteria
counts was reduced from 5.87 log cfu/g (fresh fish) to 3.04 and 3.18 log cfu/g (fish
dehydrated in solution 1 and 2, respectively) and 4.2 log cfu/g (fish dehydrated in solution 3),
is considered microbiological limit for good fish meat quality. This result is due to the
inhibitory effect caused by the decrease of aw values in dehydrated fish meat (Chabbouh et
al., 2011). The reductions of the total number of bacteria in dehydrated samples in
comparison to the initial total number of bacteria in the fresh fish meat was 93.66% for
samples dehydrated in sugar beet molasses and 89.01% for samples dehydrated in aqueous
solution of sodium chloride and sucrose (Lon¢ar et al., 2014).

Table 1. Microbiological analysis of the fresh and dehydrated fish

Fish Fish Fish
Parameter (log CFU/qg) Fresh fish dehydrated in | dehydrated in | dehydrated in
solution 1 solution 2 solution 3

Total number of bacteria 5.87 3.04 3.18 4.20
Escherichia coli nd’ nd nd nd
Coagulase positive nd nd nd nd
staphylococci
Sulphite reducing clostridia nd nd nd nd

Legend: *- not detected

The processes of osmotic dehydration of fish meat drive decreasing aw value. The average
aw values and standard deviation of the fresh and dehydrated fish meat in three solutions
are shown in Table 2. The lowest aw value 0.833+0.009 was reached after osmotic
dehydration in solution 3 (sugar beet molasses). The levels of reached aw values of fish
meat after the process of osmotic dehydration in all three solutions, were lower than the
limiting value for aw growth of most microorganisms (Huang and Nip, 2001; Feiner, 2006),
which indicates a positive effect of the osmotic treatment on microbial profile of dehydrated
fish.

Table 2. Average water activity (aw) values and standard deviation of the fresh and dehydrated fish

Fish Fish Fish
Parameter Fresh fish dehydrated in | dehydrated in | dehydrated in
solution 1 solution 2 solution 3
aw 0.944+0.007 0.847+0.004 0.863+0.001 0.833+0.009

Changes in mineral contents of fresh and dehydrated fish meat in three different osmotic
solutions are shown in Figure 1. The quantity of minerals is variable and depends on the
types of osmotic solutions. The effect of processing temperature and concentrated solutions
on the dehydration of fresh fish resulted in significant increase of Mg and Fe content,
approximately 2 times. Significant influence of sugar beet molasses (solution 3) on the
mineral composition could be noticed. The Mg content in the fish meat increased significantly
(P < 0.05) in solution 3, from an average mean of 0.77 to 1.56 g/kg after osmotic
dehydration.

Also, Fe content increased considerably in fish meat dehydrated in solution 3, from an
average mean of 0.26 to 0.55 g/kg. The concentration of Ca was increased in all three
solutions, and the most in fish dehydrated in solution 3 and in range 16.58-18.02 g/kg. The
Na content in fish dehydrated in solution 1 and 2 declined in concentration from 6.72 to 3.70
and 2.52 g/kg, respectively. The concentration of Na a slightly increased in fish dehydrated in
solution 3 (7.61g/kg). Amount of K slightly increase during dehydration in solution with sugar
beet molasses (solution 2 and 3) from 15.53 to 16.00 g/kg. After five hours of immersion in all
three solutions content of Hg in fish meat was reduced from 0.11 to 0.08 g/kg.

The present study showed that obtained mineral contents of fresh and dehydrated fish meat
in the decreasing order Ca>K>Na>Mg>Fe>Hg .This trend is in agreement with the results of
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previous work, except for the Ca content. Akinneye et al. (2007) reported the values of the
major elements were obtained in the decreasing order K>Na>Mg>Ca in Sardinella (oven
dried), H. niloticus, (oven dried), H. niloticus (smoke dried) and Sardinella sp (smoke dried).
The significantly increased values of mineral Ca gives priority to application of osmotic
dehydration process with the implementation of molasses.
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5 —_—
Ca K Na Mg Fe Hg
B Fresh fish Fish dehydratedin solution 1
B Fish dehydratedin solution 2 ®Fish dehydratedin solution 3

Figure 1. The dynamics of change of mineral elements content in fish meat during osmotic treatment

CONCLUSIONS

The microbiological profile of dehydrated fish in all three osmotic solutions has shown that
osmotic dehydration is hygienically and microbiologically safe process regardless to the high
processing temperature. Osmotic dehydration treatment had great impact on nutritional
improvement of fish meat, especially on the mineral composition when sugar beet molasses
was used. The present study showed that obtained mineral contents of fresh and dehydrated
fish meat in the decreasing order Ca>K>Na>Mg>Fe>Hg. The lowest aw value 0.833+0.009
was reached after osmotic dehydration in solution 3 (sugar beet molasses).On the basis of
presented research it can be concluded that the best results considering the mineral
composition and aw value of dehydrated fish were obtained by using sugar beet molasses as
an osmotic agent.
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ABSTRACT

The present work regards batch beer fermentation with immobilized top-fermenting yeast
Saccharomyces cerevisiae Safbrew S-33. The yeast cells were encapsulated in alginate-chitosan
microcapcapsules with a liquid core. The effects of main fermentation temperature (Tyg), immobilized
cell mass (M,c) and original wort extract (OE) on beer fermentation was investigated using Central
Composite Design of type 2® with star arm and block structure. The basic beer characteristics, i.e.
extract, ethanol, biomass concentration, pH and color, as well as the concentration of aldehydes and
vicinal diketones were measured. The results suggested that the process parameters represented a
powerful tool in controlling the fermentation time. The differences observed in the main fermentation
time and maturation time among the variants were due to the rate of carbonyl compounds production
and reduction. The results were used for the development of two mathematical models for beer
fermentation with immobilized cells. Subsequently, the optimized process parameters were used to
produce beer in laboratory batch fermentation. The system productivity was also investigated and the
data was used for the development of another mathematical model.

Keywords: beer, top fermenting yeast, optimization, encapsulation

INTRODUCTION

Fermentation is an important field of interest for system engineering due to its complex
biological non-linear phenomena and dynamic processes (Andres-Toro et al.,, 2010). In
recent years, a lot of research has been focused on beer fermentation intensification by the
use of immobilized cell systems (for review see Willaert and Nedovic, 2006). Beer production
with immobilized cells is generally industrialized if the new characteristics acquired result in a
more economical system, and the new technology can be readily scaled up (Nedovic et al.,
2005). However, it can be successful only on condition that the immobilized cell system
produces a competitive final product (Lehnert et al., 2009). Therefore, mathematical model
development is an important step towards the determination of suitable fermentation
parameters in order to achieve an optimized process (Adeyemo and Enitan, 2011).
Moreover, process optimization has been the key issue to maintain operating conditions,
increase product yields and ensure product quality (Schmidt, 2005).

The aim of this work was to minimize the beer fermentation time while retaining high product
quality with an optimized process control strategy. Therefore, two mathematical models for
the effect of main fermentation temperature (Tye), immobilized cell mass (M,c) and original
wort extract (OE) on the main fermentation and maturation time were developed. The results
on the optimization of primary fermentation model were used for beer production under
laboratory conditions. Meanwhile, the system productivity was determined and it could be
used for the batch fermentation transfer into a continuous mode.

MATERIALS AND METHODS

Microorganisms and cell Immobilization
The experiments were carried out with commercial dry brewing yeast strain Saccharomyces
cerevisiae Safbrew S-33, purchased from Fermentis, France. The yeast suspension was
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added to a 3% (w/v) solution of sodium alginate and subsequently dropped into a 2% (w/v)
CaCl, solution. The cell concentration in the beads was approximately 10’ CFU/cm? of gel.
The beads were left for 30 min in CaCl, and were then placed into a 0.38% (w/v) chitosan
solution in 1% (v/v) acetic acid. The alginate beads stayed in the chitosan solution for 60 min.
Afterwards, the chitosan-alginate beads were washed with sterile water. The beads stayed in
a 0.05 M sodium citrate solution for 30 min to obtain microcapsules with liquid core
(Naydenova et al., 2012, 2013, 2014).

Wort

Wort with OE 17+0.5 °P was supplied by Kamenitza Plc. It was diluted to OE — 8.510.5 °P,
10.5+0.5 °P, 13+0.5 °P, 15.5£0.5 °P and 17.5+£0.5 °P. All wort types were autoclaved at
120°C for 20 minutes.

Design of experiments and fermentation

Central Composite Design (CCD) of type 2° with star arm and block structure (Table 1) was
used for the optimization of the fermentation parameters Tyr, OE and M,c. The mathematical
processing of the experimental results was accomplished according to Naydenova et al.,
2014. The fermentations (main and secondary) were carried out according to Naydenova et
al., 2014.

Analytical Methods

The characterization of wort, green beer and beer was conducted according to the current
methods recommended by the European Brewery Convention (Analytica-EBC, 2004). The
biomass concentration was made according to Parcunev et al.,, 2012. The aldehyde
concentrations were determined according to Marinov, 2010.

Productivity
The system productivity was calculated according to Kopsahelis et al., 2007.

RESULTS AND DISCUSSION

In our previous studies, the fermentation dynamics were found to vary significantly
depending on the following parameters: main fermentation temperature (Tyg), maturation
temperature (Tyat), immobilized cell mass (M,c) and original wort extract (OE) (Naydenova et
al., 2012, 2013, 2014). Therefore, it can be suggested that the combination of these factors
increases their influence on the fermentation dynamics. The ranges of variation of these
parameters (real and coded) are shown in Table 1.

Figure 1 presents the fermentation dynamics of one of the variants according to Table 1. The
data on the other variants are summarized in three-dimensional graphics (Figure 2 and
Figure 3). For all the studied variants the dynamic of the fermentation with immobilized cells
followed the trends for the conventional beer fermentation, described in (Kunze, 2004).

Table 1 shows that the main fermentation and maturation times were affected differently by
Twe, OE and Mc. The data on the statistical analysis for the influence of the parameters
tested on the main fermentation time are presented in Table 2. The response surface for the
influence of Tyr and M,c on the main fermentation time is shown on Figure 4.

The non-significant variables were eliminated according to their p-value at a confidence level
a = 0.95 (Table 2). The following adequate mathematical model was obtained after the
removal of non-significant variables (1):

MF =78.7—32.3T,,. +15.130E —36.05M . +10.44T%_ —10.50E.M . +20,75M% (1)
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Table 1.Experimental design and results for the modeling and optimization of fermentation parameters
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1 -0 10.5 0 13 0 10 180 168 348 0.36 | 0.43 ] 29.38 33.64
2 -1 12.5 -1 10.5 -1 5 144 84 228 0.37 ] 0.70 | 19.92 34.01
3 -1 12.5 1 15.5 -1 5 192 108 300 0.38 | 0.76 | 40.72 86.14
4 -1 12.5 -1 10.5 1 15 96 132 228 0.53 | 0.45 | 28.02 21.68
5 -1 12.5 1 15.5 1 15 108 120 228 0.73 ] 0.72 | 85.77 76.51
6 0 15 0 13 0 10 72 96 168 0.87 | 0.74 | 69.28 57.27
7 0 15 0 13 0 10 76 90 166 0.82 | 0.79 | 64.67 60.68
8 0 15 0 13 0 10 74 100 174 0.96 | 0.71 | 75.67 54.61
9 0 15 -al 8.5 0 10 72 84 156 0.54 | 0.54 | 17.92 17.64
10 0 15 +a 17.5 0 10 120 84 204 0.73 ] 1.13 ]| 111.76 | 158.97
11 0 15 0 13 -al 1.1 228 72 300 0.29 | 0.87 | 23.49 68.49
12 0 15 0 13 +a 18.9 72 84 156 0.84 | 0.83 | 67.63 63.43
13 0 15 0 13 0 10 68 92 160 0.92 | 0.77 | 73.35 59.76
14 1 17.5 -1 10.5 -1 5 72 84 156 0.70 | 0.68 | 36.64 | 34.87
15 1 17.5 1 15.5 -1 5 132 84 216 0.57 | 1.00 | 62.99 | 111.51
16 1 17.5 -1 10.5 1 15 42 114 156 1.08 | 0.60 | 50.46 29.82
17 1 17.5 1 15.5 1 15 54 78 132 1.28 | 0.75 | 133.35 | 78.62
18 +a 19.5 0 13 0 10 54 102 156 1.20 | 0.69 | 107.42 | 51.08
Twe - temperature of main fermentation; OE - original extract; Mic - immobilized cell mass; Qern - ethanol productivity; Q -
beer productivity; MF - for main fermentation; MatF — maturation time; F - for total fermentation time (F=MF+MatF);
+a=1.7885

The model obtained (Equation 1) showed that the main fermentation time decreased with the
increase in Tyr and M. On the contrary, the OE increase resulted in prolonged primary
fermentation. It is interesting to note that the model showed an increase in the main
fermentation time with the increase in Tyr and M,c when these parameters were squared. It
can be assumed that the discrepant effects of Tyr and M were due to the substrate and
product diffusion into and out of the beads. The model obtained (Equation 1) confirmed the
suggestion that the combined effect of the factors would be of key importance to the
objective function. Therefore, it can be summarized that the reduction of primary
fermentation time will occur if the fermentation temperatures are high and used wort is with
low original extract. The decrease in Tyr below the recommended fermentation temperature
for the selected yeast strain led to a very prolonged fermentation. The mathematical model
was optimized and the following operational conditions were determined: Tys = 17.24 °C;
OE = 10.24 °P; M\c = 11.56 g. Under these conditions, the main fermentation time had to be
36 h. It was found that the real main fermentation time was 12 h longer than the main
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fermentation time determined by the model. This could be related to the system diffusion
resistance which hindered the substrate transfer to the cells.
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Another adequate mathematical model was developed for the influence of Tyat, OE and M,c
on the maturation time:

MatF =87.49 —14.03T,,,. +7.32M . +14.37%,. —90E.M,. )

The model obtained (Equation 2) showed a controversial effect of Tyar on the maturation
time. First, the increase in Tyar affected "negatively” the maturation time. On the other hand,
higher temperature led to the synthesis of more carbonyl compounds, which resulted in
prolonged maturation. The maturation time also increased with the increase in Mc (Figure 5).
Consequently, the maturation was affected not only by the operational conditions, but also by
the carbonyl compounds concentration at the beginning of the maturation. Carbonyl
compounds which are of importance to beer flavor and aroma are acetaldehyde and some
other aldehydes and vicinal diketones. Acetaldehyde has unpleasant “grassy” flavor and
aroma. Vicinal diketones — diacetyl and 2,3-pentanedione have “butterscotch” and “toffee”
aroma and taste. The carbonyl compounds have low taste threshold, so their concentrations
in beer determined the maturation process time (Kunze, 2004). The second mathematical
model (Equation 2) can also be optimized. However, this is not necessary, since the model
structure is related to the main fermentation model (Equation 1).

One of the purposes of the study was to select the batch fermentation conditions which
would be transferred into a continuous fermentation system. According to Kopsahelis et al.,
2007, one of the parameters for the comparison between batch fermentations was system
productivity, which could be estimated at various stages of fermentation and for various
parameters: ethanol, green beer, beer. The productivity depended on the fermentation time
and could be used for comparison between batch and continuous fermentation.

48



Il International Congress “Food Technology, Quality and Safety”

It can be summarized that the ethanol productivity increased with the increase in each of the
parameters studied (Table 1). It is interesting to note that the highest ethanol productivity
during the main fermentation was for variant 17 where all the factors studied were at their
upper level. When the temperature was in its star point — 19.5 °C, the system productivity
was little lower. This could be related to the OE decrease which led to the production of less
ethanol. Therefore, the ethanol productivity determined for the total fermentation time was
highest when OE was in its star point — 17.5 °P. The green beer productivity and beer
productivity depended on the ethanol productivity, the degree of fermentation and OE.
Therefore, the highest green beer productivity was for variant 17 and the highest beer
productivity was for variant 10 (Table 1). The green beer productivity can be used for the
transfer of a batch fermentation to a continuous mode. Our subsequent research showed
that the system productivity in a batch mode was related to the system productivity in a
continuous mode.

MatF
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& 200 ‘g 107.0
5 150 5 1120
E 100 e 1170
2 50 1457 £ ; 545'22 1220
) S 2 - T )
-1.78 008 018 0.6 ]_ > _1.7-8.9 Mic 098 18 062 149 _1.78' Mic - 10
Temperatute . Temperature Il 1370
Fig.4 Estimated response surface for the Fig.5 Estimated response surface for the
influence of Tyr (A) and Mc (C) on “Time of influence of Tmat=TMF+4 (A) and Mic (C) on
main fermentation” at OE=0 (13 °P) (factors “Time of maturation” at OE=0 (13 °P) (factors
were presented with coded values) were presented with coded values)
Table 2. ANOVA for ,Main fermentation time*
Source Sum of Df Mean F-Ratio P-Value
Squares Square
A:Twe 15041.2 1 15041.2 101.17 0 Significant
B:OE 3296.19 1 3296.19 22.17 0.0022 Significant
C:Mic 18710 1 18710 125.85 0 Significant
AA 2109.95 1 2109.95 14.19 0.007 Significant
AB 18 1 18 0.12 0.7381 Non-significant
AC 72 1 72 0.48 0.5089 Non-significant
BB 416.955 1 416.955 2.8 0.1379 Non-significant
BC 882 1 882 5.93 0.045 Significant
CcC 7400.95 1 7400.95 49.78 0.0002 Significant
blocks 418.191 1 418.191 2.81 0.1374 Significant
Total error 1040.71 7 148.673
Total (corr.) 47521.8 17
R” = 96.74 %; R” (3a d.f.) = 94.96 %; Standart error = 12.04; Absolute standart error = 7.84; Durbin-Watson =
1,75;

A mathematical model for the influence of the fermentation parameters on green beer
productivity was developed (equation 3). The model showed that the all tested parameters
increase led to an increase in the system productivity. On the one hand it is completely
normal because of the use of top fermenting yeast strain. On the other hand, the
experimentally reached maximum did not coincide with the mathematical model maximum.
The negative sign of the coefficient of M,c? showed indirectly that the model did not consider
entirely the diffusion resistance in the system. However, the model described with high
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accuracy (R?=96.6%) the experimental data and can be used for transfer of batch
fermentation system to a continuous mode.

Q, =67.73+17.26T,,. +24.70E +15.02M . +11.680E.M . —7.62M > 3)

CONCLUSIONS

The influence of fermentation temperature, immobilized cell mass and original wort extract on
beer fermentation with alginate-chitosan microcapsules with liquid core was investigated.
The results showed that the factors that affected most significantly the fermentation time
reduction were temperature and immobilized cell mass. The increase in temperature and
immobilized cell mass led to a reduction in the primary fermentation time but did not affect
the total fermentation time. This was related to the synthesis of more carbonyl compounds,
which caused prolonged maturation. The increase in the wort extract resulted in longer
fermentation time. The model parameters were optimized and the data were used for beer
production under laboratory conditions. The system productivity was also investigated and
the data will be used for the transfer of the optimized fermentation conditions to a continuous
beer fermentation system.
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ABSTRACT

Presence of fish in diet is very important for both human health and nutrition, but high water activity
(aw) value and high moisture content of fish tissue make fish very perishable food. There are many
processing methods to extend fish shelf life. Osmotic dehydration is a water removal process that
involves the contact between food material and hypertonic medium. Sugar beet molasses has proved
to be very useful osmotic medium. The objectives of the study were to evaluate the effects of two
different processing temperatures on microbiological profile of fish (Carassius gibelio). Also, aw
values, water loss and solid gain of the fresh and processed fish samples were determined and the
microbiological profile between the fresh and dehydrated meat was compared. The process was
carried out in laboratory jars under atmospheric pressure for 5 hours at 20 and 35°C. Sample to
solution ratio was 1:5 (w/w) to neglect the changes of solution concentration during the water removal
process. Agitation was performed manually on every 15 minutes. Osmotic dehydration in sugar beet
molasses at both temperatures have proved to be efficient for reducing aw and moisture content of
fish samples providing quality and safe fish semi product.

Keywords: Osmotic dehydration, fish, sugar beet molasses

INTRODUCTION

Meat is very perishable food due to its nutrient composition and high water content that
provide a suitable environment for growth of meat spoilage micro-organisms (Zhou et al.,
2010). Different preservation technics are being used in order to maintain safety and quality
of meat, primarily by inhibiting microbiological deterioration (Aymerich et al., 2008).

Osmotic dehydration is the process that removes water and reduces aw of food material by
immersion in a hypertonic aqueous solution (Tortoe, 2010; Tsironi et al., 2009).

Many scientists have been researching osmotic dehydration from different aspects and found
numerous advantages of this process. The main advantages are preserving the quality of
products, water removal in liquid form and low energy consumption (Babic¢ et al. 2009).
Temperature, concentration and nature of hypertonic solution have a major influence on the
rate of water removal (Sacchetti et al., 2001).

Usually for osmotic treatment of fish samples, sodium chloride and sucrose aqueous
solutions are used as osmotic mediums (Oladele et al., 2008).

Recent research (Koprivica et al., 2013; Misljenovi¢ et al., 2011; Filipovi¢ et al., 2012)
introduced sugar beet molasses as a hew osmotic solution efficient for osmotic treatment of
plant and animal samples.

As a side product of sugar industry, sugar beet molasses has a significant content of dry
matter (about 80%) and specific nutrient composition (about 51% sucrose, 1% raffinose,
0.25% glucose and fructose, 5% proteins, 6% betaine, 1.5% nucleosides, purine and
pyramidine bases, organic acids and bases). High dry matter content provides high osmotic
pressure, that is the driving force for water removal process, therefor sugar beet molasses
appears to be very efficient osmotic medium (Pezo et al., 2013; Misljenovic et al. 2011).
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The goal of this research was to examine the efficiency of osmotic dehydration process in
sugar beet molasses solution, comparing the influence of two different processing
temperatures on water removal kinetic parameters and microbiological profile of fish meat.

MATERIAL AND METHODS

The osmotic dehydration was carried out in laboratory jars under atmospheric pressure at
constant solution temperatures of 20°C and 35°C. Fish (Carassius gibelio) was purchased on
a local market in Novi Sad, Serbia, shortly prior to the experiment. The initial moisture
content of untreated samples was 75.34%. Fish samples were filleted and cut into shapes
(1x1cm) using kitchen slicer and scissors.

Sugar beet molasses was obtained from the sugar factory Crvenka, Serbia with initial dry
matter content of 85.04% w/w, with distilled water it was diluted to concentration 80% w/w.
After preparation, samples were measured and immersed in hypertonic solution for 5 hours.
Sample to solution ratio was 1:5 (w/w) which can be considered high enough to neglect the
changes of solution concentration during the process.

After 5 hours, fish samples were taken out from solutions, lightly washed with distilled water,
gently blotted with paper to remove excessive water from the surface and weighed.

Dry matter content of the fresh and treated samples was determined by drying the material at
105 °C for 24 hours in a heat chamber (Instrumentaria Sutjeska, Croatia). Water activity of
the osmotically dehydrated samples was measured using a water activity measurement
device (TESTO 650, Germany) with an accuracy of +0.001 at 25°C. Soluble solids content of
the molasses solution was measured using Abbe refractometer, Carl Zeis, Jenna, at 20 °C.
All analytical measurements were carried out in accordance to AOAC (2000). In order to
describe the mass transfer of osmotic dehydration process, the experimental data for three
key process variables are usually used, and these are: the moisture content, the change in
the weight, and the change in the soluble solids. Using these, the water loss and solid gain
values were calculated as described by Filipovi¢ at al. 2014.

Determination of the total number of bacteria, Escherichia coli, Sulphite-reducing Clostridia
and coagulase-positive Staphylococci was done by the SRPS EN I1SO 4833, SRPS ISO
16649-2, ISO 15213 and SRPS EN ISO 6888-1, respectively. All analyses were performed in
triplicates and results were represented as mean values.

RESULTS AND DISCUSSION

The osmotic dehydration process of fish meat was studied in terms of kinetics parameters;
dry matter content (DM), water loss (WL), solid gain (SG), and aw. Table 1 shows the
changes in DM content in the samples of fish meat after osmotic dehydration in sugar beet
molasses as a result of different osmotic solution temperatures. The process resulted in
increased dry matter content of fish meat samples dehydrated at both temperatures,
however slightly higher value was achieved in samples dehydrated at 35°C
(64.272+0.647%).

Beside the changes in dry matter content, as a main consequence of the osmotic
dehydration process, changes in water content occurred, causing a great amount of water
loss from the fish samples. Both processing temperatures of osmotic solution appear to be
efficient in water removal process, although a slightly higher WL value (0.539+£0.001/g i.s.w.)
was noticed in samples dehydrated at 35°C.

SG value shows the degree of penetration of solids from hypertonic solution into the fish
meat samples. Because of the complexity of osmotic medium, SG increased after osmotic
dehydration in sugar beet molasses, but slightly lower value of SG parameter was obtained
in samples dehydrated at 20°C (0.111+0.003 g/g i.s.w.).
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Table 1. Average values and standard deviations of kinetic parameters of the dehydrated fish

o Fresh fish Fish meat Fish meat
Kinetic parameter meat dehydrated dehydrated
at 20°C at 35°C
Dry matter content, % 23.975+1.965 58.339+4.471 64.272+0.647
Water loss*, g/g i.s. 0.000+0.000 0.530+0.003 0.539+0.001
Solid gain*, g/g i.s. 0.000+0.000 0.111+0.003 0.124+0.001
aw 0.944+0.007 0.845+0.023 0.846+0.009

mass in grams of WL or SG per mass in grams of initial sample

Table 1 also shows the average aw values and standard deviation of the fresh and
dehydrated fish in sugar beet molasses at 20°C and 35°C. Fresh samples of fish before
treatment had average aw value of 0.944+0.007 that is close to the optimum growth level of
most microorganisms (Nicetin et al., 2012).

After the process of osmotic dehydration, lower aw values of fish meat samples dehydrated
at both processing temperatures were observed. Obtained aw values of dehydrated samples
were 0.845x0.023 for dehydration at 20°C and 0.846+0.009 for dehydration at 35°C. Both
solution temperatures were effective in lowering aw of fish samples.

According to these results it can be concluded that process of osmotic dehydration ensures
aw values which are within a specified range for fish meat quality and safety, considering that
most meat spoiling bacteria do not grow below aw value of 0.91 (Vere$§, 1991).

Table 2. Microbiological analysis of the fresh and dehydrated fish meat in two osmotic solutions

Hygiene and food safety : Fish meat Fish meat
criteria Fresh fish meat at 20°C at 35°C
Total number of bacteria, CFU/g | 7.77-10°45.4-10° | 4.43-10°+3.6:10° 6.03:-10"+1.6-10°
Escherichia coli (CFU/Q) <10 <10 <10
Sulphite-reducing
Clostridia(CFU/g) <10 <10 <10
Coagulase-positive Staphylococci
(CFU/Q) <100 <100 <100

Results of the microbiological analysis of the fresh and dehydrated fish meat are presented
in table 2.

Total number of bacteria in fresh fish was 7.77-10°+5.4-104CFU/g. After the osmotic
dehydration process, total number of bacteria in dehydrated samples in sugar beet molasses
at 20°C was 4.43:10423.6-10° and at 35°C was 6.03-10%+1.6-10°CFU/qg.

The change in total number of bacteria occurred after the process, leading to a 94.43%
reduction in samples dehydrated at 20°C and 92.24% at 35°C.

These results prove that the process of osmotic dehydration has an important influence on
reduction of total number of bacteria in the osmotically treated fish.

The number of Escherichia coli, coagulase-positive Staphylococci and sulphite-reducing
Clostridia in fresh fish meat samples was in accordance with the hygiene production criteria
of the Serbian National Regulation (72/2010). There was no noticable increase in number of
these bacteria in dehydrated fish post osmotic treatment.

CONCLUSIONS
According to microbiological profile of dehydrated fish meat samples it can be concluded that
osmotic dehydration is hygienically safe process. Better reduction of total number of present

microorganisms in dehydrated fish meat was obtained at temperature of 20°C.Both
processing temperatures of osmotic solution have proved to be efficient in reducing water
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content and aw of samples, providing quality and safe fish semi product. The use of sugar
beet molasses as hypertonic agent for osmotic dehydration of fish meat is economically and
environmentally reasonable.
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ABSTRACT

Excessive sodium intake is one of the major causes of human hypertension and because of that there
is need to reduce salt/sodium content in meat products. The most common replacer of sodium
chloride in meat products is potassium chloride, but its use is limited due to bitter and metallic taste.
The aim of this paper was to examine the possibility of use of potassium chloride as replacer of
sodium chloride in the production of fresh sausages. Fresh sausages produced in this experiment
contained various share of sodium chloride and potassium chloride (first group - 20 g of sodium
chloride in 1000 g of mass; second group - 15 g of sodium chloride in 1000 g of mass; third group - 10
g of sodium chloride and 5 g of potassium chloride in 1000 g of mass). Products were sensory
evaluated by quantitative descriptive analysis (ISO 6658:2005), using scales with 5 points (5 — the
best expressed attribute; 1 — the worst expressed attribute). Sensory evaluation was performed by six
assessors, previously trained for detection and recognition of various tastes (ISO 3972:2011) and
odours (ISO 5496:2006). Also, products were presented to seven consumers and being evaluated by
them. Both of them were performed ranking test for products according to ISO 8587:2006. The
analysis of sodium and potassium content was performed by inductively-coupled plasma mass
spectrometry (ICP-MS). Products from all experimental groups had acceptable taste for consumption.
It can be concluded that the production of sausages with less amount of sodium chloride and with
partially replacement of sodium chloride with potassium chloride is possible in the aim of reducing of
sodium content in this kind of products.

Keywords: fresh sausages, sensory properties, sodium chloride, potassium chloride

INTRODUCTION

Sodium chloride is the most common ingredient in processed meat products that contributes
to the water holding capacity, colour and flavor, especially saltiness. In the ancient time,
common salt (sodium chloride) has been used as preservative due to its antimicrobial
effects. Nowadays, it is clear that antimicrobial effect of salt is based on the lowering of water
activity in meat products. Water activity is important as a hurdle barrier it is one of the main
factors only in production of dried meat products, while in other kind of meat products it has
no effect (Desmond, 2006).

But excessive dietary intake of sodium originated from sodium chloride is recognized as one
of the main factors of risk for appearance of cardiovascular diseases and hypertension. The
evidence for adverse cardiovascular effects of sodium, which is supported by a number of
observational studies, indicate an association of increased risk of morbidity and mortality
from cardiovascular diseases, including coronary heart disease and stroke, with increased
sodium intake (Law, 1997). Reduction of sodium intake is widely recommended to prevent
hypertension, but this approach is debatable, because some clinical studies showed that
sodium restriction is successful only in the one part of population that recognized as sodium
sensitive (Morris et al., 1999). Due to this knowledge, it is recommended moderate salt
reduction in normotensive people and salt restriction in those with high blood pressure
(Chockalingam et al., 1990). Some reports from the European Food Safety Authority (EFSA,
2005) have shown that the general intake of sodium across Europe exceeds the
recommended amount. The large amount of sodium originated from industrially processed
food (Hermansen, 2000). Meat products are a source of sodium in human diet contributing to
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approximately 20% to 30% of the daily intake. Because of that, meat industry has shown a
great interest to reduce salt content in the meat products in different ways such as: (1) by
reducing the amount of sodium chloride added (Sofos, 1983; Lili¢, 2000); (2) by substituting
part of NaCl with other salts (Sofos, 1983; Terell, 1983; Guardia et al., 2006; Lili¢ et al.,
2008).; (3) by using flavour/aroma enhancers and masking agents (Desmond, 2006); (4)
combination of mentioned procedures (Sofos, 1983; Terell, 1983); (5) adding of spice herbs
and spice extracts to meat products (Lili¢ and Matekalo-Sverak, 2007; Matekalo-Sverak et
al., 2007); (6) optimisation of the physical form of salt (Angus et al., 2005); and (7) alternative
process techniques such as salting of pre-rigor meat and salt injection of intact pre-rigor
meat (Claus and Sgrheim, 2006).

The most used replacer of sodium chloride is potassium chloride. Many studies
recommended potassium chloride as a partial replacer for sodium chloride in meat products
(Gou et al., 1996; Gelabert et al., 2003). Even potassium chloride has ionic force properties
similar to those of sodium chloride; its use is limited by its bitter and metallic taste (Askar et
al., 1994; Desmond, 2006). Using herbs and spices is a promising alternative to improve the
quality of meat products when the partial replacement of sodium chloride with potassium
chloride occurs (Guardia et al., 2006).

The aim of this study was to evaluate the possibility to reduce sodium chloride content in
fresh sausages and effect of partially replacement of sodium chloride with potassium chloride
on some sensory characteristic and acceptability in small caliber fresh sausages.

MATERIAL AND METHODS

In this experiment three groups of sausages were produced. All sausages were produced
from pork and different amount of sodium chloride and potassium chloride (Table 1). Pork
was grounded and mixed with different amount of salt. After mixing, meat was stuffed into
collagen casings diameter 22 mm. The first experimental group of sausages (control group)
contained only sodium chloride in the amount of 20 g per 1000 g of meat that is usually
amount of salt added to this kind of product. In the second experimental group of sausages it
was added less amount of salt (15 g). In the third group of sausages, one third of sodium
chloride was replaced with potassium chloride (10 g of sodium chloride and 5 g of potassium
chloride on 1000 g of mass).

Table 1. Sausage composition, g

Material
Group 1 Group 2 Group 3
Pork (shoulder) 1000 1000 1000
Sodium chloride 20 15 10
Potassium chloride - - 5

Sausages were formed in the length of approximately 20 cm and roasted on electric grill.
Products were sensory evaluated by quantitative descriptive analysis (ISO 6658:2005), using
scales with 5 points (5 — the best expressed attribute; 1 — the worst expressed attribute).
Sensory evaluation was performed by six assessors, previously trained for detection and
recognition of various tastes (ISO 3972:2011) and odours (ISO 5496:2006). Also, products
were presented to seven consumers and being evaluated by them. Both of them were
performed ranking test for products according to ISO 8587:2006.

In roasted sausages were determined sodium and potassium content. Homogenized sample
(approximately 0.3 g) was digested in microwave oven with nitric acid (p.a. SIGMA) and
hydrogen peroxide (30%, p.a., MERCK). The analysis was performed by inductively-coupled
plasma mass spectrometry (ICP-MS) using the instrument “iCap Q" (Thermo Scientific,
Bremen, Germany), equipped with collision cell and operating in kinetic energy discrimination
(KED) mode. The following isotopes were measured: **K and *Na. The quality of the
analytical process was controlled by the analysis of the standard reference material (NIST
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SRM 1577c). Measured concentrations were within the range of the certified values for all
isotopes.

Statistical analysis was performed using Microsoft Excel 2010 by method of descriptive
statistics, analysis of variance and student t-test with expression of differences between
arithmetic means of each group at the two levels of significance (p < 0.05 and p < 0.01).
Different letters in superscript of average values presents the significant statistical difference.

RESULTS AND DISCUSSION

Sensory evaluation was performed by six trained assessors and seven consumers. To most
assessors, sausages from the first group were too salty in the relation to products from two
other groups in significant level (p < 0.05), (Table 2). Due to that, taste acceptability was also
evaluated for sausages from the first group with less evaluation than in other two groups and
level of statistically difference was the same (p < 0.05). Opposite them, consumers did not
recognize the differences in the saltiness and taste acceptability, even products from the first
group in both sensory attribute less evaluated, but without significant difference (p = 0.05).
Although determined differences from assessors, overall impression was evaluated as equal
from assessors and consumers as well as consistency (p = 0.05).

Table 2. Sensory evaluation of sausages

Goup | M | sx | sd | cv [Group| M | sx sd Cv
Taste acceptability

Assessors,n=6 Consumers,n=7
1% 3,33% 0,37 0,94 28,28 1 3,57 0,40 0,49 13,86
2" 4,67° 0,44 047 10,10 | 2™ 4,29 0,43 0,70 16,33
3" 450" 0,59 050 11,11 | 3“ 3,43 0,50 0,90 26,35

Saltiness

Assessors,n=6 Consumers,n=7
1%t 2,50°% 0,32 1,38 55,38 1% 3,57 0,41 0,90 25,30
ond 4,33° 0,41 0,75 17,20 ond 4,29 0,43 0,70 16,33
3" 4,33° 0,57 0,47 10,88 3 3,57 0,53 1,18 32,98

Consistency

Assessors,n=6 Consumers,n=7
15t 3,33 0,38 1,25 37,42 15t 4,29 0,48 0,70 16,33
ond 417 0,40 0,69 16,49 2nd 4,57 0,45 0,49 10,83
3" 4,58 0,60 0,45 9,79 3 4,29 0,61 0,70 16,33

Overall impression

Assessors,n=6 Consumers,n=7
15t 2,50 0,30 1,12 44,72 15t 3,86 0,43 0,64 16,56
2" 3,83 0,39 1,34 3505| 2 4,43 0,44 0,49 11,17
3 3,75 0,50 0,69 18,46 3 4,29 0,61 0,70 16,33

& bp <0.05

Most assessors (83.3%) put the sausages from the first group, as too salty, on the third place
in the ranking test (Table 3) and 50% of them the products from the third group on the first
place and on the second place, respectively. As assessors, most of consumers gave the last
place in the ranking to products from the first group (71.4%), and one of them the first and
the second place (14.3%), respectively. In the case of third group of sausages, consumers
were not so consistent and three of them (42.9%) gave the first place to products from the
first group. Two of them gave the third and the second place to products from the third group
(28.6%), respectively.
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Table 3. Ranking of sausges

Rank Assessors, n =6 Rank Consumers,n=7
1% group | 2" group | 3" group 1% group | 2" group | 3" group
1 1(16.7%) | 2 (33.3%) | 3 (50%) 1 | 1(14.3%) | 3(42.9%) | 3 (42.9%)
2 0 3(50%) | 3(50%) 2 [ 1(14.3%) | 4(57.1%) | 2 (28.6%)
3 5 (83.3%) | 1 (16.7%) 0 3 [ 5(71.4%) 0 2 (28.6%)

Obtained results shows the highest sodium content in the sausages from the first group
(1123 mg/100 g) and the lowest content in the products from the third group (560 mg/100 g),
according to the added amount of sodium chloride (Table 4). The potassium content was
highest in the sausages from the third group, where is added. Amount of potassium in the
two first groups of products is the result of potassium content originated from meat.

Table 4. Sodium and potassium content in 100 g of products, mg

Group
I Il 1
Sodium 1123 770 560
Potassium 616 563 860

The results obtained in this investigation open the possibility to reduce sodium content in
fresh sausages. Commonly, mass of meat for production of fresh sausages contents around
2% of sodium chloride. Fresh sausages in Serbia are consumed mostly as a part of
barbeque with other grilled meat and liver, salad and bread. This experiment showed that, if
it is consumed separately, sausages with 2% of sodium chloride is too salty. According to
obtained results it can be concluded there is possibility to reduce sodium chloride in fresh
sausages for 25%. If we take in the consideration the partial replacement of sodium chloride
with potassium chloride, it is clear that is possible to get the fresh sausages with lowest
sodium content and better ration of potassium and sodium which should be approximately
4:1 to improve human health.

CONCLUSIONS

Sausages from all three groups had acceptable taste that was better in the sausages from
the second and from the third group (p < 0.05) than sausages in the first group.

Roasted fresh sausages with the largest amount of added sodium chloride are recognized as
too salty from assessors and more salty than sausages from the other two groups (p < 0.05).
Most of assessors ranked sausages with the largest amount of sodium chloride on the third
place (83.3%). Sausages from the third group, with partially replacement of sodium chloride
with potassium chloride ranked on the first and the second position from assessors,
respectively.

There is great possibility to reduce sodium content in the production of fresh sausages by
reducing of amount of added sodium chloride as well as by partially replacement of sodium
chloride with potassium chloride without so important consequences to the taste
acceptability, saltiness and overall impression of products.
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ABSTRACT

The aim of this study is to evaluate the effects of replacing nitrite curing salt with sodium nitrite with the
finished mixture of sodium and potassium chloride for human consumption (Na-max 27 g/kg-min K 16
g/kg) at a rate of 25 %, 50 %, 75 % and 100 % on the physico-chemical quality and microbiological
safety of the cooked sausages - hot dogs. Five different production batches (PB) were manufactured,
each 10 kg in weight. The first PB (control) was prepared according to the manufacturer's original
recipe. Experimental PB | was made by adding 50 g of mixed sodium-potassium salt (25 %) and 150 g
nitrite salt into 10 kg of stuffing. PB Il was prepared with 100 g of combined sodium-potassium salt (50
%) and 100 g nitrite salt, while PB 1ll was made with 150 g of combined sodium-potassium salt (75 %)
and 50 g nitrite salt. Hot-dogs of PB IV were made by adding 200 g (100 %) of combined sodium-
potassium salt into 10 kg of stuffing.

The results obtained clearly indicate a continuous decrease of sodium content in samples originating
from the control group to the experimental samples PB 1V, in which the nitrite curing salt with sodium
nitrite was fully replaced with a mixture of potassium-sodium salt. Replacing nitrite curing salt with the
finished mixture of sodium and potassium chloride did not significantly affected examined chemical
quality (content of moisture, proteins, fat, ash) of experimentally prepared hot-dogs.

Tested samples originating from all experimental batches were microbiologically safe, according to the
criteria laid down by Serbian food safety legislative.

Keywords: sodium nitrite salt, potassium chloride salt, physico-chemical quality, microbiological
safety, hot dogs

INTRODUCTION

Many of scientific reports linking excessive sodium intake to the incidence of hypertension
(Dahl, 1972; Law et al., 1991a, 1991b; Xiaosong, 2007) is the main reason for reducing the
sodium content of processed meats. Vandendriessche (2008) is today's meat processing
characterized as a period of improving the quality, food security and nutrition/health.

From the earliest period of human society development salt has been used as a preservative
for meat and one of the most common ingredients we use in meat processing in a wide
range of products. Sodium and chloride are essential for life and health, for stabilizing the
internal fluid, electrolytes and blood pressure in human body. They provide adequate
function of muscles and nerves and allow absorption of sodium nutrients, such as glucose
(sugar) and amino acids. Salt has a strong influence on the formation of desirable properties
of meat products and their safety, through a different line of activities: it is essential for
achieving an adequate taste, bacteriostatic (reduces the water activity), it activates protein
and improves water-binding capacity and hydration, enable meat proteins participating in the
processing of meat and connected meat to be more soluble, renders water and fat in the
desirable structure of gel formation to improve texture, increase the viscosity of the meat,
emulsified product salts separate protein myofibrils and contribute to their ability to emulsify
fat, increase the pH of meat or meat system.
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Salt reduction in meat products thus has adverse effects on such technological functions as
water and fat binding, impairing overall texture and increasing cooking loss, shelf life and
also on sensory quality, especially taste (Ruusunen et al., 2005; Desmond, 2006).

Food manufacturers are faced with a dilemma: "How to reduce sodium content in foods
without excessive modification of its flavor"? Trends show that consumers are increasingly
opting for "healthy" food, and the taste remains the most critical factor for the purchase.
Manufacturers can choose to simply reduce the NaCl content without changing the taste.
Toldra and Barat (2009) published an overview of innovative patents to reduce salt in food.
Sodium enters the meat and meat products (12 to 20% of the total food intake), and
therefore the meat and meat products is one of the priority products that need to contribute to
the reduction of its content (Desmond, 2006).

Reducing the content of sodium in meat products can be achieved in the following manner:
(1) by reducing the amount of sodium chloride added (Lili¢, 2000); (2) by replacing part of
NaCl with other salts (Lili¢ et al., 2008).; (3) by using flavor/aroma enhancers and masking
agents (Desmond, 2006); (4) combination of mentioned procedures (Terell, 1983); (5) adding
of spice herbs and spice extracts to meat products (Lili¢ and Matekalo- Sverak, 2007;); (6)
optimization of the physical form of salt (Angus et al., 2005) and (7) alternative process
techniques (Claus and Sgrheim, 2006).

The aim of this study was to evaluate the effects of replacing nitrite curing salt with sodium
nitrite with the finished mixture of sodium and potassium chloride for human consumption
(Na-max 27 g/kg-min K 16 g/kg) at a rate of 25 %, 50 %, 75 % and 100 % on the physico-
chemical quality and microbiological safety of the cooked sausages - hot dogs.

MATERIAL AND METHODS

Sausage formulation and processing

As part of our examination of the hot dogs on the possibility of replacing Nitrite curing salt
with sodium nitrite originating from mixed sodium potassium salt five different production
batches (PB) manufactured, each weight by 10 kg. The first PB (control) was prepared
according to the manufacturer's original recipe (Table 1).

Table 1. Hot dog: Recipe of the standard control sample - control group (C-1)

Ingredients Amount (%)
Beef 20
Pork 20
Emulsion of pig skin 15
Firmly pork fatty tissue 13
Ice 22
Spice mixture for frankfurters (Raps GmbH, Austria) 0.4
Adifos (E450, E451) 0.5
Miocolor VS (Ireks Aroma Ltd, Zagreb, Croatia) 0.4
Corn Starch 2.25
Rubysin *Rouge* (Lay Gewilrze OHG 98631, Germany) 0.05
Nitrite salt 2
Soy protein isolates for emulsification, WDF PRO950E 4.4

Experimental PB | at 10 kg stuffing added 50 g of mixed sodium-potassium salt (Na-max 27
g/kg-min K 16 g/kg) (25%) and 150 g nitrite salt. In PB 1l to 10 kg stuffing added 100 g of the
above mentioned combined sodium-potassium salt (50%) and 100 g nitrite salt. In PB Il to
10 kg stuffing added 150 g of combined sodium-potassium salt (75%) and 50 g nitrite salt. In
hot-dogs of PB 1V added 200 g (100%) combined sodium-potassium salt on 10 kg of stuffing.
Beef, pork and firm fatty tissue were ground in the Wolf, using grid of 3 mm, and then further
processed by fragmentation in cutter. Fragmentation of the mass in the cutter lasted
approximately 7 minutes at 2.000 revolutions/minute (Rex-Maschinen, Type: HYDRO100N,
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Wilh. Duker GmbH&Co, Werk Laufach). First, in the cutter chopped beef and pork, pork skin
emulsion and half of the total amount of ice were added. Then additives other than soy
isolate had been added, and treatment in the cutter lasted about 3 minutes. After addition of
soy isolate (an emulsifier), and the other half of the ice, the treatment continued for another 3
minutes. During last minute of processing ground firmly fat tissue was added in the cutter
and emulsion was completely homogenized. Stuffing is done in hopes impermeable layer
(Mineralen 24 light brown; 42 strand (s)/27.5 m - 1 155m ; LOT-CASE: 202303123/038) with
vacuum fillers (VEMAG, model ROBBY-2). Filled with stuffing envelopes were hand-paired,
and sausages hanging on metal rods which were placed in the appropriate frame trolley,
where transported to the conditioned chamber (athmos furnace) for heat treatment (boiling).
Temperature during the boiling in the chamber was 85°C and the process lasted until 72°C
had been achieved in the geometric center of the product.

Determination of the hot dogs Proximate Composition

The main chemical composition was evaluated by determining of the moisture content
(SRPS ISO 1442), total protein (SRPS ISO 937), total fat (SRPS I1SO 1443) and total ash
(SRPS ISO 936).

Determination of Na and K content

After cooling, samples were transferred into a 50 mL volumetric flask with de-ionized water.
Analyses were carried out on atomic absorption spectrometer “SpectrAA 220" (Varian, Palo
Alto, California, USA) according to Varian AAS Analytical methods (Flame Atomic Absorption
Spectrometry Analytical Methods). All reagents used were of analytical grade and equipment
which was pre-calibrated appropriately with standard solutions prior to measurement.
Samples were prepared by microwave digestion (ETHOS TC, Milestone S.r.l., Sorisole, Italy)
according to manufacturer's recommendations (Tips and Techniques for ETHOS Series
Microwave Lab Stations, an Operations Overview). 0.5 g of the sausage sample was treated
with 8 mL of nitric acid (HNO3z) and 2 mL of hydrogen peroxide (30 % H,0,); temperature
program was as follows: 5 min from room temperature to 18°C then 10 min hold at 180°C.

Microbiological examination

Three hot dogs per batch were used to evaluate the microbiological quality of the treatments.
Coagulase-positive staphylococci, Salmonella spp., Listeria monocytogenes, sulphite-
reducing clostridia, coliforms, total viable count and mesophilic lactic acid bacteria were
guantified according to the standard methodology (SRPS EN ISO 6888-1 and 2:2009; SRPS
EN ISO 6579:2008; SRPS ISO 11290-2:2010; SRPS I1SO 15213:2011; SRPS I1SO 16649-
2:2008; SRPS EN ISO 4833-1:2014; ISO 15214:1998).

RESULTS AND DISCUSSION

The chemical characteristics of hot dogs formulated according producer’s recipe (control
group C-1) and with replacement of 25%, 50%, 75% and 100% nitrite curing salt by mixed
sodium-potassium salt are presented in Table 2. Ash content was not significantly different
between the samples of hot dog originating from the control and experimental groups. The
treatments with the replacement of nitrite curing salt by mixed sodium-potassium salt
presented a significant reduction in the content of sodium and a significant increase in that of
potassium. Ruusunen et al. (2002) examined the sodium reduction of cooked bologna-type
sausage by replacing sodium phosphate with potassium phosphate. Target sodium content
in two different formulations was 0.55 g Na/100 g, and in next two formulations was 0.63 g
Na/100 g. Sodium content in our investigation was in descendent order 4950.74 mg/kg,
4871.96 mg/kg, 4223.08 mg/kg, 3898.65 mg/kg and 3422.44 mg/kg, respectively. The control
formulation (C-1) presented a sodium content considered common for cooked emulsion
products. The replacement of 25%, 50%, 75% and 100% nitrite curing salt by mixed sodium-
potassium salt generated a reduction of approximately 1.59%, 14.70%, 21.25% and 30.87%
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in the sodium content in relation to the control formulation, respectively. This reduction in the
sodium content provides the modified products with a healthier appeal since the decrease of
sodium intake in our diet is seen as a way to reduce risk factors for hypertension and,
consequently, heart diseases (Antonios and Macgregor, 1997).

Table 2. Physico-chemical quality of the hot dogs with standard control sample (C-1), replacement of
25% (PB 1), 50% (PB 1), 75% (PB 1l1) and 100 % (PB V) Nitrite salt by mixed sodium-potassium salt

Group Descriptive | Moisture | Protein | Fat | Ashes | Sodium | Potassium
statistic (%) (%) (%) (%) (mg/kg) (mg/kg)
X 55.10 11.13 28.14 2.85 4950.74 777.57
Sk 0.15 0.07 0.42 0.03 148.47 27334,00
C-1 Sd 0.26 0.12 0.73 0.06 257.16 20.34
Cv (%) 0.47 1.08 2.59 2.10 5.19 2.61
min 54.83 11.01 27.63 2.79 4718.10 759.53
max 55.35 11.26 28.98 291 5226.87 799.62
X 55.84 12.05 27.01 2.94 4871.96 950.00
Sx 0.01 0.06 0.07 0.03 24.35 17.98
PB | Sd 0.17 0.11 0.13 0.05 42.17 31.15
Cv (%) 0.30 0.91 0.48 1.70 0.86 46813,00
min 55.69 11.96 26.87 2.88 4825.25 916.17
max 56.03 12.17 27.13 2.98 4907.25 977.50
X 55.44 11.81 27.44 2.86 4223.08 1741.26
Sy 0.06 0.08 0.10 0.06 19.61 9.11
PB Il Sd 0.11 0.14 0.17 0.10 33.97 15.78
Cv (%) 0.20 1.18 0.62 3.50 2.78 0.91
min 55.31 11.66 27.29 2.77 4195.44 1728.56
max 55.51 11.92 27.63 2.97 4261.00 1758.92
X 53.69 12.35 28.63 2,99 3898.65 2379.38
Sx 0.07 0.10 0.06 0.08 29.45 27.68
PB Il Sd 0.12 0.18 0.10 0.14 51.02 47.92
Cv (%) 0.22 1.46 0.35 4.68 131 2,02
min 53.56 12.13 28.52 2,88 3841.40 2325.25
max 53.80 12.48 28.70 3.15 3939.30 2416.39
X 56.45 12.31 25.87 2.94 3422.44 1741.32
S x 0.07 0.15 0.11 0.04 43.96 214.26
PB IV Sd 0.11 0.26 0.20 0.07 76.14 829.82
Cv (%) 0.19 2,11 0.77 2,38 2,22 47.65
min 56.36 12.02 25.65 2.87 3377.41 759.53
max 56.58 12.52 26.04 3.00 3510.35 2900.83
X —mean

Sd — standard deviation
Cv — coefficient of variation

Handling and processing of meat are likely to generate conditions for a more intense
microbial contamination. The presence of aerobic bacteria in our samples tested indicates
possible contamination of hot dogs caused by poor hygiene of employees, surfaces or
equipment or usage of additives. Increase of temperature during certain stages of the
technological process and separation of meat juice contributes to the rapid propagation of
the present microflora. In order to produce high-quality meat products, it is necessary that the
raw material is high-quality and microbiologically safe, and that control is exercised during all
stages of production and processing of the finished product.

Results of microbiological testing indicated that none of the experimental sausages had been
contaminated with L. monocytogenes which renders sausages to meet criteria laid down by
Regulation on the general and special conditions of hygiene of food at any stage of
production, processing and trade (Official Gazette of RS, 72/10). Furthermore, none of the
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tested samples had been contaminated with Salmonella, coagulase-positive staphylococci,
sulfite-reducing Clostridia, and Escherichia coli.

Table 3. Results of microbiological examination of tested samples of hot dogs

B-
Coagulase- Salmonella Listeria Sulfite- | glucuronidase- | No. of | Mesophilic
Group positive s monocvtoaenes reducing positive aerobic | lactic acid
Staphylococci Pp- ytog bacteria Escherichia bacteria | bacteria
coli
c-1 / / / / / 350 300
PB | / / / / / 1000 /
PB I / / / / / 850 /
PB Il / / / / / 2000 /
" / / / / / 300 /

CONCLUSIONS

The replacement of 25%, 50%, 75% and 100% nitrite salt by mixed sodium-
potassium salt promote healthier characteristics to hot dogs produced with low levels
of sodium and high potassium level. The physicochemical quality varied, and
statistical differences were observed in the moisture, protein and fat content, pH and
water activity values, sodium and potassium content among the treatment. Ash
content was not significantly different between the samples of hot dog originating
from the control and experimental groups. Microbiological safety of the hot dogs
produced with replacement of nitrite salt by mixed sodium-potassium salt not altered
by this substitution. Further studies are necessary to assess the impact of this
technological strategy on the hot dogs shelf life regarding their sensory quality.
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ABSTRACT

In the sugar industry, chemical processing of raw sugar beet juice and molasses are important
operations that include disposal of non sucrose substances in order to obtain higher quality
confectionery product- white sugar. Calcium ions (in the form of CaO) that are commonly used to
eliminate these compounds from beet juice have a relatively low binding affinity and the quantities of
used lime are very large (1 — 3 % w/w, calculated on the beet). In order to reduce the amount of waste
materials, the possible application of alternative coagulants with divalent and trivalent cations, CaSOy,
CuSO, and Al,(SO,4); was studied. These compounds cause the process of charge neutralization beet
juice macromolecules which creates conditions for coagulation and sedimentation. Mechanism of
discharge of macromolecules compounds was suggested. Model - pectin solutions (50 cm® and 0.1 %
wt.) were treated with different concentration of CaS0O,, CuSO, and Al,(SO,); ranging of 50 — 450
mg/dm3. The pH of solutions were regulated at 7. In order to monitor coagulation and sedimentation
process of solution, a method of measuring the zeta potential of solution was used. Zeta potential was
determined by electrophoretic method. Optimal amounts of applied coagulants were: 410 mg/dm3 (610
MQ/Gpectin) for CaSO,; 100 mg/dm® (151,5 mg/gpecin) for CuSO, and 110 mg/dm® (162 mg/gpectn) for
Alx(SO,)s. These values are significantly less than the average amount of CaO used in classical
process of beet juice purification (about 9 g/g peciin)-

Keywords: sugar beet juice, CaSO,4, CuSOy,, Aly(SO,)s, zeta potential

INTRODUCTION

Processing of raw sugar beet juice and molasses are important operations which are used to
remove pectin and protein substances in order to obtain the final product - white sugar.
Separation of these compounds in our country is mostly done by compounds with calcium
ion. Calcium ions (in the form of CaO) have a relatively low binding affinity and the quantities
of used lime are very large (1 — 3 % wi/w, calculated on the beet). Also, due to its absorption
features CaO can cause unwanted alkalization process of soil in the near environment of the
sugar factory (Haapala et al.,1996).

In sugar beet macromolecules, primarily pectin and proteins, the negative charge on the
surface of particles is formed by dissociation of functional groups and adsorption of ions from
the surrounding solution (Koper, 2007). This is the main reason for the stability of colloidal
solution such us sugar beet juice. By adding two- and trivalent cations, a decrease of
negative charge of macromolecules and conditions for the coagulation and sedimentation
process occur. In this case occurring electrostatic and sometimes chemical forces (specific
adsorption mechanism) (Axelos et al.,1996; Schneider et al., 2011; Duan and Gregory,
2003). The charge neutralization of these macromolecules can be monitored by
electrokinetic or zeta potential ({). Zeta potential is easily measurable property of colloidal
particles. Bringing zeta potential near the zero value, colloidal particles will discharge and the
conditions for effective coagulation and sedimentation are achieved (Koper, 2007).

Dronnet et al. (1996) and Garnier et al. (1994) defined the selectivity order of the binding
affinity of various divalent cations by citrus and sugar-beet pectins:

Cu2+ - Pb2+ >> Zn2+ > Cd2+ - Ni2+ > Ca2+ > M92+ (1)
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The binding affinity of divalent metal ions on protein macromolecules has been also studied
(Philippe et al., 2005). It is evident that Cu®" ions are more efficient than Ca*" ions because
of marked surface complexation ability (mechanisam of specific adsorption). In the presence
of Ca?* ions are performed mainly electrostatic interactions between the negatively charged
side chains of pectin polysaccharide or the negatively charged surface of protein
macromolecules (Kuljanin, 2008; Kuljanin et al., 2012a).

Sugar beet juice has a concentration of undesirable colloids as most of the waste and
contaminated water (about 1 wt %). For treatment of water, AI** ions are often used in the
form of hydrolyzing salts Al,(SO,4); (Duan and Gregory, 2003). The bonding strength Al ions
with humic materials in water compared with divalent metal ions are studied. The order of
ion binding are shown (Kinniburgh et al., 1999):

AP*> Ccu®* > Pb?* > Cd* > Ca* (2)
In accordance with this selectivity order, it is clearly that applying of A**ions will be much
efficient in sugar beet juice clarification in relation to classical process by Ca?" ions
originating from the CaO (Kuljanin et al., 2012b).
Comparing the activity of coagulants with the same cation and different anions under the
same experiment conditions, CaSO, showed a slight difference compared to the effect of
CacCl,. Investigation performed in paper (Levi¢ et al., 2007) suggest that three salts: CaCl,,
CuS0, and AICI;&NaHCO3; are more efficient in pectin precipitation than commonly used
CaO.
The aim of this study was to investigate the effect of CaSO, CuSO, and Al,(SO,);
concentration on sugar beet juice clarification. These results were compare with the influence
of Ca ions originating from the CaO.

MATERIAL AND METHODS

Pectin preparation was extracted from the pressed sugar beet cossettes obtained in
industrial processing of sugar beet (sugar factory “Sajkaska” Zabalj). Calcium, copper and
aluminium sulphate were used in a crystal- hydrated form (CaSO,4 x 7H,0; CuSO,4 x 5 H,0
and Aly(SOy4)s x 18H,0) in the form of agueous solutions, (manufacturer's Zorka Pharma,
Sabac, Serbia). To correct the pH value in presence of Al,(SO,)s, an equivalent amount of
Na,CO3; was used.

Pectin preparation was isolated by extraction in acidic condition by standard laboratory
procedure AOAC (2000). The extraction was conducted discontinually in an extractor
(volume 2 dm?®) using aqueous solution of HCI. The mass ratio of sugar beet cossettes to
solvent was 1:10. The extraction was performed at pH 3.5 and 85 C during 2.5 h. High
molecular colloidal fraction was isolated from extract by multistage precipitation with 70 %
ethanol. The precipitated colloids were left overnight to deposit and the obtained sediment
was washed out with 70 % ethanol. Pectin preparation, after precipitation and cleaning were
dried in a vacuum drier for 12 hours at 70 °C (Levi¢ et al., 2007; Kuljanin et al., 2012a).
Procedure was repeated several times and basic parameters of pectin preparation were
determined according to standard methods of AOAC (2000).

The degree of esterification of pectin preparation was calculated over the equivalents of free
(X) and the esterified carboxyl groups (Y), using equation:

DE=_" 100 3
X+Y

Mean molar mass of the pectin preparation was determined using spectrophotometry and the
refractometer, by the method of Kar and Arslan (Kuljanin, 2008).

The experiment has tested the model-solutions of pectin preparations concentrations of 0.1
% (mass). Working solutions were prepared by dissolving 1 g of pectin preparation in 250
cm?® of distilled water and left over night to swallow. After that, distilled water was added up to
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1 dm?, and for every measurement 50 cm® was separated. After dissolution of 1 g Al,(SO.)s,
CuSO, and CaS0, in 200 cm? of distilled water, an appropriate amount was added to 50
cm?® of pectin solution (0.1 mass. %). The obtained concentrations of CaSO,4, CuSO, and
Aly(SO4); were in the range of 50 to 450 mg/dm?®. All measurements were performed at pH =
7. At this pH, ions Ca®*, Cu* and AI** have limited solubility. To obtained desired solution
alcality (pH=7), Na,CO; was added to Aly(SOy4); (mass ratio of Na,CO; to Al,(SO,4); was
1:1.07, calculated on pure Aly(SQO,4); (Kuljanin et al., 2012a).

After the coagulants CaSO,4, CuSO, and Al,(SO,); were added to the tested preparation, pH
was adjusted and the solution was stirred for 30 min on a high-speed magnetic stirrer
(stirring speed 500 o/min). After aging the solution for 5 min, zeta potential of clear part the
solution was measured. Zeta potential was determined by electrophoretic method using a
commercial apparatus ZETA-METER ZM 77 (Riddick, 1975). The measurements were
performed at room temperature as described by Kuljanin et al., 2012a. Results represent an
average value of 3 measurements.

RESULTS AND DISCUSSION

Results related to the composition of pectin preparation are given in Table 1.

Table 1. Basic physico-chemical composition of pectin preparation

Solid Equivalent of Equivalent of Content of Degree of :\nﬂgﬁanr
free COOH esterif. COOH galacturonic gree
content groups groups acid esterific. mass
(g/100g) 108 . 10° 0 DE Muwsr
X-10 Y - 10 (%) (kg/kmol)
80.35 24.58 16.05 72.24 39.50 87 720

The content of galacturonic acid (degree of purity) and the degree of esterification (DE) in the
test preparation corresponds to the mean value of the pectin contents of the degree of
esterification of sugar beet raw juice. Obtained preparation is one within group of less
esterified pectin (DE < 50). This means a greater ability to bind cations to macromolecules of
sugar beet juice due to the greater presence of the free carboxyl groups (COO’). Changes of
mean values of Zeta potential (mV) of the tested pectin preparation after adding various
quantities of coagulants CaSO,, CuSO, and Al,(SO,); in the form of pure salts (mg/dm?®) are
shown in Figure 1.

In all experiments, charge inversion of Zeta potential from negative to positive was observed
within the whole series of tested coagulants concentrations. Total net charge of Ca®, cu*
and AP** ions (including H* ions in the solution) increased in magnitude in comparison to the
magnitude of negative charge on the surface of pectin macromolecule.
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Figure 1. Influence of CaSO,, CuSO,4 and Al,(SO,4); on change in the zeta potential pectin solution

The results indicate that heavy metal ions Cu®" link stronger to polygalacturonic chains of
pectin macromolecules than lighter cations AI**. According to the Schulze-Hardy rule, ions
with high valence like A** should be able to decrease Zeta potential to zero point at much
lower concentration. However, from the results presented on Figure 1, it is obvious that in the
tested preparation, less amount of CuSO, (100 mg/dm?) compared to Al,(SO.); (110 mg/dm?)
was required for lowering Zeta potential to zero point. This can be explained by higher
binding ability of these ions considering that Cu®* ions are first-ranged in the previously given
selectivity order (1). The amounts of Ca®* ions originating from CaSO, were compared with
the amounts of AlI** ions from Al,(SO,); and Cu® ions from CuSO, to achieve zero zeta
potential values. It takes about 3.5 times as much of Ca* ions in comparison with AI*" and 4
times as much of Ca*" ions in comparison with Cu®*" ions for zeta potential to reach zero
value. These values are: 410 mg/dm® CaSO, (610 mg CaSO4/gpecin), 110 mg/dm® Al,(SO,)s
(162 mg Alx(SO4)s/9peciiny @and 100 mg/dm3 CuSO, (151,5 mg CuSOu/gpecin). This can be
explained by weaker, electrostatic binding of Ca®* ions. Ca®* ions are in the last place in the
previously given binding scale of divalent ions with citrus and sugar-beet pectins (1). The
binding of Ca*?ions from CaSO, appeared to be regulated by mechanism of electrostatic
bonding (Coulombic attractions) with a small share of specific adsorption. The binding of
Cu*? and Al"® ions appeared to be regulated by mechanism surface complexation, solely
through the mechanisam of specific adsorption, with a small portion of electrostatic bonding.
Compared with conventional process of sugar beet juice purification where is approximately
used 9 g CaO per g of pectin, the amount of studied metal salts CaSO,, CuSO4and Aly(SO,)3
were significantly lower, ranging in the interval of 151,5 - 610 mg per g pectin.

Control of the zeta potential and appropriate dosing of CaSO,4, CuSO,4 and Al,(SO,)s, could
efficiently remove the pectin from sugar beet juice. The significance of this method is that it
achieves the lower consumption of coagulants and higher cleaning efficiency of sugar beet
juice compared to the conventional method. However, reliable comparison between the
proposed coagulants and traditional coagulant CaO, require additional testing under
industrial conditions of sugar beet juice purification.
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CONCLUSIONS

The amounts of CaSO,4, CuSO, and Aly(SO,4); were compared with the amount of CaO to
achieve zero zeta potential values when creating the optimal conditions for separation pectin
from solution. Ca?*, Cu®* and AP* ions originating from the CaSO,, CuSO,, and Al,(SO.);
possess a greater bonding strength with sugar beet pectin compared to Ca®" ions originating
from the CaO.

The conventional purification process of sugar beet juice requires approximately 9 g CaO per
g of pectin. The amount of studied metal salts CaSO,, CuSO, and Al(SO,); were
significantly lower, ranging in the interval of 151,5 - 610 mg per g pectin. That would further
reduce the cost of sugar beet juice purification while protecting the environment.
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ABSTRACT

Differential scanning calorimetry (DSC) was used to study cryoprotective effects of oat B — glucans on
chicken surimi after frozen storage. Also influence of frozen storage on texture profile analysis (TPA),
instrumental colour parameters and cooking loss of chicken surimi was investigated. Chicken surimi
samples were prepared from broiler meat, mixed with oat § — glucans (w = 0 - 6%), quickly frozen and
stored for 30 days on -30 °C. Onset temperature of transition (T,), peak thermal transition (T,), and
endset temperature of transition (T.), and denaturation enthalpy (AH), was evaluated. Peak (Tp)
thermal transition temperatures of chicken myosin showed shift to higher values with the increase of
mass fraction of $ — glucans. Denaturation enthalpies (AH) of chicken myofibrillar proteins showed
increased values with increase of mass fraction of oat f — glucans. Instrumental colour parameters
(Lightness (L*), redness (a*), yellowness (b*) and whiteness (L* — 3b*)) of chicken surimi gels were
significantly (P<0.05) affected by addition oat B — glucans. Hardness and chewiness also increased
significantly (P<0.05) and cooking loss decreased significantly (P<0.05) by addition of oat § — glucans.
Cohesiveness and springiness of chicken surimi gels were not significantly (P>0.05) affected by
addition of oat B — glucans. The Increase in peak thermal transition (T,), denaturation enthalpies (AH),
some TPA and instrumental colour parameters indicates possible cryostabilsation of chicken
myofibrillar proteins with addition of oat 8 — glucans.

Keywords: cryoprotection, chicken myofibrillar proteins, DSC, B — glucans, texture (TPA),
instrumental colour (L*, a*, b*)

INTRODUCTION

Chicken myofibrillar protein concentrate, produced with modified technology used for fish
surimi (Dawson et al.,1988), is characterized by very good technological properties, such as
high water holding capacity and high ability to form strong gels after being heated. Freezing
has become the most frequently used preservation method for meat and meat products. To
protect myofibrillar proteins from denaturation during frozen storage and maintain its possible
high processability, some cryoprotectants (i. e. disaccharides, polysaccharides, polyalcohols,
organic acids and polyphosphates) are generally added (MacDonald et al., 2005). Most
commonly used instrumental methods for determination cryoprotective effects of added
substances are measurement of myofibrillar protein solubility SEP (Salt extractable protein),
Ca®*ATP-ase activity, unfrozen water by Nuclear Magnet Resonance (NMR), transition
temperatures and denaturation enthalpies of myofibrillar proteins by Differential Scanning
Calorimetry (DSC) (Sych et al., 1990). B -glucans are composed of glucose molecules, which
are linked with B - (1,3), (1,4) and (1,6) glycosidic bonds. (1,3), (1,4) — 8 — D - glucans are
commonly isolated from wheat, barley and oat. Although found in all grains, their
concentration is highest in oat (4.6 - 4.9 %) and barley (1.8 to 6 %). B-glucans from various
sources are used in the food industry as a thickening agent, dietary fibers, emulsifiers, etc.
(Brennan and Cleary, 2005). Studies have shown that the addition of 3 - glucans to meat
batter increases the denaturation enthalpy of myofibrillar proteins, which suggests that B -
glucans interact with meat proteins and stabilize them (Morin et al., 2004). Differential
scanning calorimetry (DSC) is a useful technique used for studying thermal behaviour of
muscle proteins (Finday and Barbut, 1990). Changes in the protein structure during heating
in DSC analysis are referred to as protein denaturation, and peak temperatures of these
transitions are used to represent denaturation temperatures.
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The objective of this study was to determine cryoprotective effects of oat f — glucans on
chicken myofibrillar proteins using Differential Scanning Calorimetry (DSC), as well as to
determine texture profile (TPA) and instrumental colour parameters (L*, a*, b*) of chicken
surimi.

MATERIAL AND METHODS

Sample preparation

Chicken surimi samples were prepared in the laboratory from broiler meat (mainly lat.
Pectoralis major M. and Pectoralis minor M.) using the modified procedure of Yang and
Froning (1992) since washing and leaching was performed with distilled water, instead of
with tap water. Samples were mixed with oat B — glucans in mass fractions of 2, 4 and 6 %.
Mass fractions were determined as percent of total mass. The pH level was measured in a
homogenate of the sample with distilled water (1:10, p/v) with pH/lon 510 — Bench pH/lon/mV
Meter (Eutech Instruments Pte Ltd/ Oakton Instruments, USA). Water activity (a,) was
determined using a Rotronic Hygrolab 3 (Rotronic AG, Bassersdorf, Switzerland) at a room
temperature (20 = 2 °C). The FoodScan Meat Analyser was used to determine moisture, total
protein share, total fat share and collagen content according to the AOAC 2007. 04.

DSC measurements

Differential scanning calorimetry (DSC) was performed using Mettler Toledo DSC 822e
differential scanning calorimeter equipped with STARe software. After defrosting in a
refrigerator (4 °C, over night), samples of cca. 15 mg (+ 1 mg) were weighed and sealed into
standard aluminium pans (40 pl) and scanned over the rage from 25 to 95 °C at a heating
rate of 10 °C min™, using empty standard aluminium pan as a reference. The peak
temperatures (T,) were determined from DSC curves. The changes in enthalpy (AH J g™,
associated with the denaturation of proteins, were determined by measuring the area under
the DSC curves using STARe software.

Textural analysis (TPA) and cooking loss

Samples of chicken surimi were placed into plastic test tubes with an inside diameter of 10
mm. After defrosting, test tubes with their content were heated for 25 min in a water bath at
80 °C. Test tubes with produced gels were cooled in ice water until the temperature of
approx. 20 °C was obtained inside the sample. After that they were stored at 4 — 6 °C until
the next day. Cooking loss was calculated as a weight difference of the sample prior to the
cooking and after the removal of the cooked gel from the test tubes. Cooking loss was
expressed as a percent of the fresh sample weight. Texture profile analysis (TPA) tests were
performed using a TA.XT2i SMS Stable Micro Systems Texture Analyzer (Stable
Microsystems Ltd., Surrey, England) equipped with a cylindrical probe P/75. This involved
cutting samples into 1.5 cm thick slices, compressed twice to 60 % of their thickness. Force-
time curves were recorded at across-head speed of 5 mms™ and the recording speed was
also 5 mms™. The following parameters were quantified (Bourne 1978): hardness (g),
maximum force required to compress the sample, springiness (ratio), the ability of the
sample to recover its original form after the deforming force was removed, cohesiveness, the
extent to which the sample could be deformed prior to rupture (ratio) and chewiness (g).
Also, the work required to masticate the sample before swallowing, which is calculated
hardness - cohesiveness - springiness, was measured.

Determination of colour

Colour measurements (L*, a*, and b* values) were taken using a Hunter-Lab Mini ScanXE
(A60-1010-615 Model Colorimeter, Hunter-Lab, Reston, VA, USA). The instrument was
standardized each time with a white and black ceramic plate (L*0 = 93.01, a*0 = -1.11 and
b*0 = 1.30). The Hunter L*, a* and b* values correspond to lightness, greenness (-a*) or
redness (+a*), and blueness (-b*) or yellowness (+b*), respectively. The whiteness (W) was
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calculated: L* - 3 b*. The colour measurements were performed on chicken surimi at a room
temperature (20 = 2 °C).

Statistical analysis

Three determinations for basic chemical composition, cooking loss, pH, a,, onset (T,), peak
(T) and endset (T.) temperatures and transition enthalpies (AH J g*), seven for TPA and
colour parameters were measured from each sample. Experimental data were analyzed by
the analysis of variance (ANOVA) and Fisher’s least significant difference (LSD), with
significance defined at p < 0.05. Statistical analysis was carried out with Statistica ver. 8.0
StatSoft Inc. Tulsa, OK. USA.

RESULTS AND DISCUSSION

The mean basic chemical composition, pH and a, values of individual chicken surimi
samples did not vary significantly and are presented in Table 1.

Differential scanning calorimetry thermogram’s of chicken surimi samples for each treatment
after 30 days of frozen storage without addition of oat B — glucans contained two endothermic
transitions. Referring to previous DSC studies of similar samples (Kijowski and Mast, 1988;
Fernandez-Martin, 2007), it can be assumed that two peaks in this study are related to the
thermal denaturation of myosin and actin. Values of peak thermal temperatures (T,) of
myosin and actin (Table 2) were different then values of raw chicken breast meat reported by
Bircan and Barringer (2002). Similar results were reported by Kijowski and Richardson
(1996) for washed mechanically deboned poultry meat. This could be explained by the
concentration of myofibrillar proteins by washing and different pH and ionic environment
when compared to the raw state of muscle (Lesiow and Xiong, 2001).

Variance analysis of myosin T, showed that myosin’s T, varied significantly (p < 0.05) as a
function of mass fraction of oat B — glucans (Table 2). Addition of oat 3 — glucans (w=2 -6
%) caused shift of myosin’s T, to higher values. These shifts in T, of myosin to the higher
values as the mass fraction of oat 8 — glucans increases can be interpreted as a stabilization
of myofibrillar proteins since a higher temperature was required to denature these proteins
(Sych et al., 1990). Actin’s T, did not vary significantly (p > 0.05) as a function of mass
fraction of oat B — glucans (Table 3). Highest value of actin T, showed the sample without
addition of oat B — glucans (Table 3).

The method of expressing peak enthalpies AH was adopted to provide an estimate of the
gquantity of native proteins (Sych et al., 1990; Herrera et al., 2001). Enthalpies of myosin and
actin denaturation for chicken surimi with addition of oat  — glucans (w = 2 - 6%) are shown
in tables 2 and 3. Values of AH for myosin and actin showed an increase with the increase of
mass fraction of oat B — glucans (w = 2 - 6 %). Since the value of denaturation enthalpy is
directly related to the amount of native proteins, higher values of AH indicate possible
stabilization of chicken myofibrillar proteins with addition of oat 3 — glucans (w =2 - 6 %).

Table 1. Basic chemical composition, a,, and pH of chicken surimi samples

Water w (%) Proteins w (%) Fat Collagen pH ay

84.75 £ 0.28 13.06+ 0.58 0.73£0.07 0.79+x0.01 6.95+0.04 0.98+0.01

Values are means + Standard deviation of triplicate.

The cooking loss of chicken surimi mixed with different mass fracion of oat B — glucans after
30 days of frozen storage are presented in Figure 1. The additon of oat B — glucans (w =2 —
6%) caused a

significant reduction (p < 0.05) of cooking loss in the obtained gels. Similar results were
reported by Stangierski and Kijowski (2004) for mechanically recovered washed and frozen
stored poultry meat with the addition of Cremodan and Pork Stock.
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Table 2. Values of denaturation temperatures (T,, Ty, Te) and denaturation enthalpies (AH) of chicken
surimi myosin mixed with different mass fracion of oat 8 — glucans after 30 days of frozen storage.

w (%) T, (°C) T, (°C) Te (°C) AH,(J g™
0 58.48a + 0.09 60.86¢ + 0.03 65.36d+ 0.05 0.37b £ 0.03
2 58.15a £ 0.23 60.99c + 0.79 67.51c + 0.08 0.36b £ 0.02
4 56.09b + 0.49 61.53b +0.30 66.59b + 0.25 0.37b £ 0.01
6 54.73c £ 0.02 62.11c £ 0.03 71.65d £ 0.25 0.49a +0.01

Values are means + Standard deviation of triplicate. Values in the same row with different letters (a-d)
are significantly different (p < 0.05).

Table 3 Values of denaturation temperatures (T,, T,, Te) and denaturation enthalpies (AH) of chicken
surimi samples actin mixed with different mass fracion of oat 8 — glucans after 30 days of frozen
storage.

w (%) T, (°C) T, (°C) T.(°C) AH,(J g7
0 72.08b + 0.04 70.32a+0.11 82.63a + 0.04 0.09a + 0.01
2 72.26ab + 0.15 77.14a+0.19 80.77¢ +0.11 0.08ab + 0.01
4 72.47ab +0.35 77.19a+0.17 80.14d + 0.03 0.08ab + 0.01
6 72.65b + 0.02 77.30a+0.15 81.45b + 0.05 0.09a +0.01

Values are means + Standard deviation of triplicate. Values in the same row with different letters (a-d)
are significantly different (p < 0.05).
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Figure 1. The Cooking loss of chicken surimi samples mixed with different mass fracion of oat 8 —
glucans after 30 days of frozen storage.

Table 4. Texture profile of chicken surimi mixed with different mass fracion of oat 8 — glucans after 30
days of frozen storage.

w (%) Hardness (Q) Springiness Cohesiveness Chewiness (g)
0 843.59b + 114.31 0.92ab + 0.06 0.64a+0.04 541.24ab +172.41
2 352.34c +21.2 0.83b +0.11 0.55c £ 0.04 159.92c + 12.57
4 1081.23ab + 205.49 0.94a +0.04 0.47b £ 0.03 712.73a = 107.59
6 1323.19a + 232.98 0.89ab + 0.06 0.33b + 0.03 441.44b £ 79.05

Values are means * Standard deviation of seven measurements. Values in the same row with different
letters (a-c) are significantly different (p < 0.05)

Texture profile analysis parametrs of chicken surimi mixed with different mass fracion of oat
B — glucans after 30 days of frozen storage are shown in Table 4. The hardness of chicken
surimi sampels incresed significantly (p < 0.05) with the increase of mass fraction of oat B —
glucans. The cohesiveness and springiness were not affected with the increase of  —
glucans mass fraction (Table 4.)
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Table 5. Instrumental colour parameters of chicken surimi mixed with different mass fracion of oat 8 —
glucans after 30 days of frozen storage.

w (%) L* a* b W
0 77.31b +1.13 2.69a + 0.86 19.75a + 0.51 18.06b + 0,27
2 79.06b + 1.12 1.93b + 0.63 18.48b + 0.54 23.62b + 0,14
4 79.81ab + 1.23 1.87b +0.63 18.76b + 0.53 23.53b + 0,33
6 80.71a + 1.06 1.82b +0.78 18.79b + 0.82 24.34a +0.62

Values are means +Standard deviation of seven measurements. Values in the same row with different
letters (a-c) are significantly different (p < 0.05)

Instrumental colour parameters of chicken surimi with addion of oat B — glucans are
presented in Table 5. Generally, the demand is higher for surimi gels with high lightness (L*),
low yellowness (b*) and high whiteness (W). The addition of B — glucans significantly
increased (p < 0.05) lightness and whiteness of chicken surimi samples. This is in agreement
with the study that investigated the addition of potato starch and egg white to Alaska Pollock
surimi (Tabilo-Munizaga and Barbosa-Canovas, 2004).

CONCLUSIONS

Differential scanning calorimetry (DSC) revealed a shift in peak thermal transition
temperature (T,) of myosin to higher temperature in chicken surimi samples mixed with
different mass fraction of oat  — glucans. Shift in thermal transition temperature of myosin to
higher temperature, the increase of myosin transition enthalpies and some TPA (hardness,
chewiness) and colour parameters (L* and W) with the mass fraction oat B — glucans
increase, indicate that oat B — glucans are acting as cryoprotectants and interact with
chicken myofibrillar proteins.
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ABSTRACT

The important part of food producing and processing is microbiological hygiene. Hygiene monitoring of
process surface is necessary for assuring of food quality and protection of consumers.

The swab method is standardized surface sampling method. Otherwise, the total count of bacteria and
total count of Enterobacteriaceae estimate the level of contamination risk during food processing.

In this study was performed artificial contamination of previously sterilized glass surface. For
contamination was prepared suspension of Escherichia coli ATCC 25922 adjusted to 3.7 on
McFarland scale. Pour plates were made by pipetting of prepared bacterial suspension into an empty
petri dish and adding of Tryptone Soya Agar (TSA). After incubation of petri plates at 371 C for 72+3
hours, results were used for estimation of total count bacteria in 1ml of suspension. Each of 20 test
surface with an artificially soiled area of 10x10 cm?was sampled with the swab and the solutions were
sealed with Plate count agar (PCA). Inoculated PCA plates were incubated at 37+1 C for 72+3 hours.
Another 20 test surfaces with an artificially soiled area were swabbed and the solutions were sealed
with Violet red bile glucose agar (VRBGA). Inoculated VRBGA plates were incubated at 37+1 C for
24+2 hours.

Results show that recovery was less than 50% for the count of Escherichia coli on PCA as well as on
VRBGA.

Keywords: surface, sampling method, swab, Escherichia coli

INTRODUCTION

The important part of food producing and processing is microbiological hygiene. For food
processors the hygiene monitoring programs of process surface is necessary for assuring of
food quality and protection of consumers. The obtained results are often used for verification
of cleaning and sanitation as well as in investigation of foodborne disease outbreak
(Sudheesh et al., 2013).

Sampling programs should include the collection of samples during production and the
samples should be taken from the sites after sanitizing. In some cases sampling should not
only be conducted on food contact surfaces, but the evaluation of non-food contact surfaces
(walls, rollers, conveyors,...) could be also important because of aerosols as a way of
microorganisms migration. Also microorganisms can be transferred from contaminated
hands of food workers (Montville et al., 2002).

The swab method is standardized surface sampling method. Salo et al. (2000) reported that
swabbing method gave similar results comparing to contact plate and Hygicult TPC dipslides
methods at three microbial levels tested.

Most of food contact surfaces are commonly encountered wet, which can provide a good
environment for bacterial growth (Buckalew,1996) and provide a higher bacterial transfer rate
than dry surfaces (Marples and Towers, 1979). In case that surface is dry, swabs must be
moist with suitable diluents in the prior of use. Because samples should be taken from the
site after sanitising, it is usually that the diluent contains one or more neutralizers. The
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recommendation of SRPS ISO 18593:2010 (Institute for Standardization of Serbia, 2010) is
to use Tween 80, lecithin, sodium thiosulfate, L-histidine and saponin as neutralizers.

The present study was carried out with the aim of ascertaining the efficiency of swabbing as
sampling method performed in the enumeration of Escherchia coli with the method for a total
count of microorganisms and the method for Enterobacteriaceae.

MATERIAL AND METHODS

Meterial

- Escherichia coli ATCC 25922 (Microbiologics, USA)

- Physiological solution, 8.5g sodium chloride in 1000mL distilled water, autoclaved at
121+1 °C for 15 min,

- Buffered Peptone Water (ISO) (LabM, Bury, UK) containing: enzymatic digest of casein
10.0g, sodium chloride 5.0g, disodium hydrogen phosphate (anhydrous) 3.6g, potassium
dihydrogen phosphate 1.5g in 1000mL distilled water, autoclaved at 121+1 °C for 15 min,

- Tryptone Soy Agar (U.S.P) (LabM, Bury, UK) containing: tryptone 15.0g, soy peptone
5.0g, sodium chloride 5.0g, agar no.2 12.0g in 1000mL distilled water, autoclaved at
121+1 °C for 15 min,

- Plate count agar (A.P.H.A) (LabM, Bury, UK) containing: tryptone 5.0g, yeast extract
2.5g, glucose 1.0g, agar no.1 15.0g in 1000mL distilled water, autoclaved at 121+1 °C for
15 min,

- Violet red bile glucose agar (HiMedia, India) containing: peptic digest of animal tissue
7.00g, yeast extract 3.0g, sodium chlodride 5.0g, bile salts mixture 1.5g, glucose 10.0g,
neutral red 0.03g, crystal violet 0.002g, agar 12.0g in 1000mL distilled water; heated and
boiled, not autoclaved.

- Sterile Petri dishes, @90 mm (Noex, Polad)

- Sterile cottonwool swab sticks (Deltalab, Spain)

- Frames of stainless steel, 100 cm? (10x10cm) and 20 cm? (4x5 cm)

- Sterile glass Z-shaped rod

- Laboratory glassware — test tubes and bottles

- Laboratory equipment — autoclave, water bath, incubators, vortex mixer, colony counter,
pipets, pH meter

Methods

For contamination was prepared suspension of Escherichia coli ATCC 25922 in physiological
solution and adjusted to 3.7 of McFarland scale. From bacterial suspension were prepared a
logarithmic dilution series up to 107 dilution in tubes with 9 ml buffered peptone water without
added neutralizers. Pour plates were made by pipetting of prepared dilutions 10, 10”7 and
10® into an empty petri dishes in duplicate and adding of Tryptone Soya Agar (TSA). After
incubation of petri plates at 37+1 °C for 7243 hours results used for estimation of total count
bacteria in 1ml of bacterial suspension.

Test glass plates used for surface contamination previously were washed with a neutral
detergent and rinsed in distilled water. After drying in oven at 70 °C, glass plates were
wrapped in aluminium foil and wet sterilized at 121 °C for 15 minutes.

The frame of stainless steel was put on each of 20 sterilized test glass plates and enclosing
an area of 100 cm? (10x10 cm) was used for surface contamination. Dilution 10™ of prepared
bacterial soil suspension was pipetted onto the enclosed test glass plate in amounts of 300
pm and evenly spread on the surface with a z-shaped rod. Contaminated surface was dried
for 5 min, after which sampling was performed using swab. From each contaminated surface
was sampled area of 20 cm? using a small stainless steel frame (4x5 cm). Each of the swabs
was inserted into the test tubes with 10 ml of physiological solution and the sticks were cut
off under sterile conditions. The test tubes were mixed well, than a dilution 10™ was prepared
for each sample. The undiluted solution and dilution 10™* were sealed using the pour plate
technique with Plate count agar (PCA) and Violet red bile glucose agar (VRBGA) in
duplicate. According to the method SRPS EN 1SO 4833-1:2014 inoculated PCA plates were
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incubated at 37+1 °C for 72+3 hours for enumeration of total microorganisms. Another 20
test surface with an artificially soiled area were swabbed and the solutions were sealed with
violet red bile glucose agar (VRBGA) for enumeration of Enterobacteriaceae. According
method SRPS 1SO 21528-2:2009 inoculated VRBGA plates were incubated at 37+1 °C for
24+2 hours.

Number of colony-forming units (cfu) was calculated per square centimeter of investigated
surface (20 cm?) as is stated in method SRPS ISO 18593:2010 (Institute for Standardization
of Serbia, 2010)

RESULTS AND DISCUSSION

Results of enumeration of prepared bacterial suspension are presented in Table 1. According
estimated number of Escherichia coli in suspension.

Table 1. Enumeration of Escherichia coli ATCC 25922 from Suspension

I Number of colony forming units (cfu)
Dilution Petri Plate 1 Petri Plate 2
10° 278 269
107 28 25
10° 1 1

Estimated count of Eschrichia coli ATCC 25922: 2.7 x 10° cfu/ml suspension

Results obtained after performing swabbing of contaminated glass surface and inoculation in
PCA and VRBGA are present in Table 2.

Table 2. Results of enumeration of Escherichi coli after swabbing

Colony count of Escherichia coli per analysed surface (cfu/cmz)
SRPS EN ISO 4833-1:2014 SRPS ISO 21528-2:2009
33.0 43.5
28.5 45.0
22.5 44.5
31.5 40.0
36.0 38.0
325 39.5
23.0 41.0
32.0 34.0
30.0 46.0
27.5 40.0
27.0 44.0
30.5 43.0
30.0 39.0
23.5 33.0
26.5 40.0
25.0 37.5
25.5 37.5
27.5 39.0
32.0 40.0
30.0 40.5
AV: 28.7 AV: 40.3

AV-average
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According to the estimated count of Escherichia coli in prepared suspension (Table 1),
theoretical expected result after performed experimental design described in Material and
Methods is 90 cfu/cm?

Obtained experimental results show higher colony count on VRBGA comparing with PCA,
40.3 cfu/lcm? and 28.7 cfu/cm?, respectively. It is obviously that gained results are more than
50% less comparing to theoretical estimation. Reasons for such low recovery can be
different and they are including the loss through bacterial suspension spreading with Z-
shaped rode and also the influence of the cotton swab. Otherwise, surviving of bacteria on
this kind of surface in real condition with various influencing factors is very difficult to predict
and could be the direction to serious study. As a requirement of their survival and growth,
bacteria attach to the surfaces and form biofilm which is more resistant to cleaning agents
and disinfectants than suspension cells. The attachment and biofilm-forming capabilities of
bacteria depends on multiple factors including the attachment surface, the presence of other
bacteria, the temperature, the availability of nutrients and pH (Van Houdt and Michiels,
2010). Bacterial colonization process is enhanced when nutrients availability is high (Sanin et
al., 2003; Myszka et al, 2007). Nutrient-rich condition sets the stage for initial surface
colonization, while starvation promotes the biofilm maturation process (Myszka et al., 2007;
Myszka and Czaczyk, 2009). Several studies have shown that Escherichia coli has the
capacity to attach to and form biofilms on various surface materials (Castonguay et al., 2006;
Rivas et al, 2007). Also our experiments used monoculture without considering the possible
influence of resident organisms from food-processing environments on the surface
colonization of E. coli. One recent study showed that resident microflora increased E. coli
0157:H7 colonization on solid surfaces under static conditions (Marouani-Gadri et al., 2009).
Taking into account above discussion, artificial contamination of surface in laboratory
condition could not provide real environmental condition of food processing plant and on that
way gained results are only direction to better understanding of the efficiency of the swabs as
a sampling method.

CONCLUSIONS

The control of surface in food processing plants have to be connected to influence of
different environmental factors on the survival and growth of bacteria as well as the research
of the efficiency of applied sampling methods. Artificial contamination of surface in laboratory
condition could not provide real environmental condition and experimental design has to give
attention to the formation of biofilm. However, our performed experiments showed a
difference in enumeration of Escherichia coli with two different methods after surface
swabbing and recovery was less than 50% for each of them.
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ABSTRACT

The effects of partial replacement of mechanically deboned chicken meat - MDCM with chicken liver
on proximate composition (moisture, protein, total fat, total ash) and colour characteristics (CIE L*a*b*)
of cooked sausages were investigated. The control sausage was formulated with 60% of MDCM. In
experimental cooked sausage samples tree levels of chicken liver were incorporated 5, 10 and 15%,
as partial replacement of MDCM. Regarding proximate composition, control was numerically (P>0.05)
the highest in moisture content, lowest in protein content, and not different in fat content, comparing
with experimental sausages. Different contents of liver addition did not significantly (P>0.05) affect
protein content; moisture content was significantly (P<0.05) the lowest in sample with 5% of liver, fat
content was significantly different (P<0.05) between samples with 5% and 15% of liver addition, and
total ash content was significantly different (P<0.05) among all three experimental sausages.
Regarding colour characteristics, control had significantly (P<0.05) the highest lightness (L*), and
lowest redness (a*) and yellowness (b*), comparing with experimental sausages. Different contents of
liver addition did not significantly (P>0.05) affect lightness (L*), while the significant (P<0.05)
differences were noted for redness (a*) among all three sausages, and for yellowness (b*) between
samples with 5 and 10% of liver.

Keywords: cooked sausage, mechanically deboned chicken meat, liver, proximate composition,
colour

INTRODUCTION

Consumption of poultry meat and poultry meat products is growing all over the world (Mielnik
et al., 2002). Poultry is the world’s second most consumed type of meat, with chicken meat
dominating the world poultry consumption over 70%. Currently, the annual worldwide growth
rate is about 5% (Somsen et al., 2004). For several reasons, people prefer this kind of meat
to beef and pork, at least partly due to the desirable flavour of poultry products and its
comparative low price (Mielnik et al., 2002; Sallam, 2007). The preparation of various
chicken products, such as special cuts, sausages and others, is followed by substantial
increase in residues such as bones or cut-up chicken parts with adhering meat that still
generate the raw material, suitable for mechanical deboning (Daros et al., 2005; Savadkoohi
et al., 2013). The mechanical deboning process is an efficient method of harvesting meat
from parts left after hand deboning and from poor quality poultry (Pereira et al., 2011). This
process allows recovery of most of the residual meat that is otherwise wasted and increases
costs (Savadkoohi et al., 2013). The most used raw materials for mechanically deboned
poultry meat (MDPM) are back, neck and thighs either from the initial carcass or after
removal of most of the meat (Daros et al., 2005). Yield of MDPM ranges from 55 to 80%
depending on the part deboned and deboner settings. MDPM has good nutritional and
functional properties, of which most interested are jelly consistency, water retention and
ability to emulsify fat, what makes is suitable for the formulation of many meat products
(Mielnik et al., 2002). Due to these good technological characteristics (fine consistency) and
relatively low cost it is frequently used in the formulation of comminuted meat products
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(Mielnik et al., 2002). The use of MDPM in the sausage formulation is considered recent in
the food industry since it only started in the 60’s. The main applications of MDPM are in
sausages and salamis, which demand emulsion stability, and also benefit from the MDPM
natural colour (Daros et al., 2005).

Today, economic, modern technology and industrial concern for the environment results in
maximum salvage and utilization of all by-product materials (Romans et al., 1994). In the last
few decades, the amount of available meat by-products from slaughterhouses, meat
processors and wholesalers has increased considerably (Darine et al., 2010). From a
general perspective, food processors face increasing demands to improve their raw material
yield, so as broiler processing companies, because the raw material costs are a considerable
part of the overall business costs (Somsen et al., 2004). Preparation of mechanically
deboned meat presents one way of efficient economical use of animal products and
reduction of the amount of biological wastes (Pussa et al., 2009). On the other hand, many
meat edible by-products are down-graded because of the lack of a profitable market. Since
the yield of edible by-products for chickens is from 5 to 6% of the live weight; more attention
should be given to these products, especially because the majority of by-products offer a
range of foods which are nutritionally attractive, with high protein content and good nutritional
properties due to the presence of many essential nutrients, and have a wide variety of flavors
and textures (Darine et al. 2010; Ockerman and Hansen 1988; Spooncer, 1988).
Additionally, chicken by-products are low in cost, have low content in fat and the short period
of time needed in preparation (Alvarez-Astorga et al., 2002).

Chicken liver, an edible meat by-product which presents main part of red giblets which
constitute about 4.36% of live weight in the chicken, is not processed and many consumers
have a negative perception, considering it an inferior source of protein as compared to lean
chicken meat. As a result, chicken meat has been underutilized and low-priced compared to
beef and lamb livers (Hasapidou and Savvaidis, 2011; Somsen et al., 2004).

Sensory properties, such as colour and texture are important for consumer acceptance,
choice of food products and, consequently, the manufacturer. Therefore, many studies were
taken to optimize and improve these characteristics in various foods (Daros et al., 2005).
Some of these studies indicate that mechanically deboned meat (MDM) could be used to
manufacture meat formulated sausages with a positive effect on the desired colour, leading
to improved attractiveness to consumers. Also, addition up to 30% of MDM to salami results
in a better colour and texture of the product (Savadkoohi et al., 2013). Process of mechanical
deboning generally releases heme and lipid components from bone marrow and this may
increase the content of hemoprotein pigments in MDPM up to three times higher than those
in manually deboned meats. Higher heme contents affect the colour of MDCM, thus making it
both redder and darker (Shahidi et al., 1992).

Thus, the objective of this study was to investigate the effect of partial replacement of
mechanically deboned chicken meat with an equal weight (5, 10 and 15 kg) of chicken liver
on proximate composition and colour characteristics of emulsion-type cooked sausages
formulated from MDCM.

MATERIAL AND METHODS

Preparation of Sausages

MDCM was produced from breasts (30%), after removal of most meat, backs (50%), necks
(10%) and thighs (10%) in a commercial processing plant. Yield of MDCM was 67%. Cooked
sausages (emulsion-type product) were prepared according to standard methodology and
techniques. The main mixture consisted of 60 kg MDCM, 10 kg vegetable fat, 25 kg
ice/water, 3 kg maize starch, 2 kg textured soy protein, 1.6 kg nitrite salt, 0.1 kg dextrose, 0.3
kg polyphosphate, 0.05 kg antioxidant and 0.5 kg spice mix. Experimental sausages were
prepared by replacing 5, 10 and 15 kg of MDCM, in main mixture, with equal weight of
chicken liver (L-5, L-10 and L-15 sausages, respectively). The emulsified materials were
stuffed into artificial cellulose casings (diameter of 65 mm) and were then cooked until an
internal temperature of 71 °C was reached. Immediately after the heating process sausages
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were cooled with combination of water/air cooling for 45 min (till internal sausage
temperature was reduced to 25 °C), followed by air cooling in the chamber. The sausages
were stored at +3 °C until analysis.

Proximate Composition

Moisture, protein, total fat and total ash contents of cooked sausages were determined
according to methods recommended by International Organization for Standardization (ISO
1442; 1SO 937; ISO 1443; 1SO 936, respectively). All analyses were performed in duplicate.
A strict analytical quality control programme was applied and the results of the analytical
quality control programme for proximate composition are presented in Table 1.

Table 1. Results of the Analytical Quality Programme (N=8) Used in the Determination of the
Proximate Composition of Cooked Sausages

Quality control Moisture | Nitrogen Fat Ash
Certified concentration (g/kg) 688+26 |16.3+0.6 |143+50 | 26.5+1.0
Recovery (%) 99.6 100.4 99.7 100

Colour

The surface colour of fresh sausage cut was measured using a tristimulus colorimeter
Minolta Chroma Meter CR-400 (Minolta Co., Ltd., Osaka, Japan) using D-65 lighting, a 2°
standard observer angle and an 8mm aperture in the measuring head. Colour characteristics
are expressed by CIE L*a*b* system (lightness-L*, redness and greenness-a*; yellowness
and blueness-b*) (CIE, 1976).

Statistical analysis

All data are presented as average and standard deviation. Analysis of variance (Duncan's
multiple range test) were used to test the hypothesis about differences between two or more
average values. The software package STATISTICA 12.0 was used for analysis (StatSoft,
Inc., 2012).

RESULTS AND DISCUSSION

Proximate compositions of the control and experimental sausages are presented in Table 2.
Comparing with the control sausage replacement of MDCM with equal weight of chicken liver
only slightly affected the proximate composition of the final product. Control sausage was
numerically the highest in moisture content (71.46 g/100g), and only significantly (P<0.05)
higher comparing to L-5 (69.76 g/100g). Protein content was numerically the lowest for
control sausage (9.21 g/100g), and significantly lower (P<0.05) comparing to L-5 (10.04
g/100g) and L-10 (10.36 g/100g) sausages. Content of total fat determined in control
sausage (12.99 g/100g) didn’t significantly differ (P>0.05) from experimental sausages.
Control sausage was significantly higher in total ash content (2.82 g/100g) comparing to L—
10 (2.27 g/100g) sausage. Regarding different amounts of chicken liver used as replacement
for MDCM in sausage production L-5 sausage was significantly the lowest in moisture
content comparing to L-10 and L-15, and significantly higher in total fat content comparing
to L-15. Protein content didn’t significantly differ (P>0.05) between experimental sausages,
while total ash content significantly (P<0.05) differ between them. Mechanical deboning of
poultry affects the proximate composition of resulting meat. Depending on the raw material
used for deboning moisture content can varied from 60.0 to 72.2 %, protein content from 8.5
to 13.4% and total fat content from 14.4 to 30.4%. Moreover, the proximate composition can
vary according to the settings and type of machine used for the mechanical separation, but
generally the lipid content of the MDCM is really higher and the protein content is lower in
comparison to fillets (Trindade et al., 2004). Higher moisture content in control sausages
could possible resulted from the fact that MDCM has higher ability to retain water (Daros et
al, 2005). Results of Daros et al. (2005) and Pereira et al. (2011) showed that moisture
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content of cooked sausages, produced from beef and pork and with different percent of
MDCM addition, increased with increased content of MDCM, as a consequence of the higher
ability of the MDPM, than meat, to retain water. On the other hand, the increase of protein
content in experimental sausages could be a consequence of the chicken liver inclusion,
since poultry liver is high in protein content (17.97% for chicken liver and 21.90 for turkey
liver), and represents an important source of protein with functional characteristics that are
related with different protein fractions and with physicochemical conditions (Zouari et al.,
2011, Hasapidou and Savvaidis, 2011).

Table 2. Proximate composition of control and experimental sausages

Component Treatment
(g/100g) Control L-5 L-10 L-15
Moisture 71.46 +0.07" 69.76 +0.23°" 70.93 +0.08™* 71.35 +0.70™2
Protein 9.21 +0.04° 10.04 +0.38"%™ 10.36 +0.87"™ 9.42 +0.23°°™
Total fat 12.99 +0.42"° 13.31 +0.52"2 13.02 +0.04"%%® 12.27 +0.51°°
Total ash 2.82 +0.12"° 2.84 +0.07™? 2.27 +0.20%° 2.62 +0.09°°

B indicates significant difference within raw at P<0.05 (including control in the statistical analyses).

abe indicates significant difference within raw at P<0.05 (excluding control in the statistical analyses).

Results obtained for proximate composition of control and experimental sausages were in
agreement with results for emulsion-type sausages produced from 100% MDPM reported by
Mielnik et al. (2002), Daros et al. (2005) and Pereira et al. (2011).

Table 3 shows the changes in colour characteristics of control and experimental sausages
containing different amounts of chicken liver. The colour of cooked sausages is influenced by
fat content, added water and pigmentation of the meat with which they are made (Pereira et
al., 2011). Comparing with the control sausage replacement of MDCM with equal weight of
chicken liver significantly affected the colour of the final product. Control was significantly the
highest (P<0.05) in L* value, i.e. control had the lightest colour comparing to experimental
sausages. According to Pereira et al. (2011) results for L* values could be due to fat—protein
interactions and the emulsion stability during meat emulsion manufacturing, becouse low
emulsion stability can be accompanied with reduced L* values during emulsification process.
On the other hand, MDCM has a high pH value (around 6.2—6.5) and, therefore, has a strong
negative impact on the lightness of product colour comparing to sausages made from meat
(Pereira et al., 2011). Further, control was significantly the lowest in a* value (15.20). Thus,
the redness (a*) values increased with the addition of chicken liver resulting in a darker red
colour. Also, control was significantly the lowest in b* values (11.64), comparing to
experimental sausages.

Table 3. Colour characteristics of control and experimental sausages presented in CIE L*a*b* system

Colour Treatment

characteristics Control L-5 L-10 L-15
L* (D65) 68.75+ 0.29" 66.52+0.85""™ 66.83+0.32°™ 66.66+0.69°™
a* (D65) 15.20+0.09° 15.74+0.12°" 15.85+0.12"° 15.60+0.21%°
b* (D65) 11.64+0.07° 12.73+0.41"° 12.53+0.07°" 12.66+0.17"°%

ABCDindicates significant difference within raw at P<0.05 (including control in the statistical analyses).

abe indicates significant difference within raw at P<0.05 (excluding control in the statistical analyses).

Different amounts of chicken liver used as replacement for MDCM in sausage formulation
didn’t significantly (P>0.05) affect the L* value of the final product, but significantly affected a*
and b* values. Redness of the experimental sausages ranged from 15.60 (L—15) to 15.85 (L—
10) with significant (P<0.05) differences between samples. Sausages L-5 and L—-10 differed
significantly in b* value (12.73 and 12.53, respectively). Results obtained for colour
characteristics showed that control and experimental sausages were darker and redder than
low fat chicken sausages produced from breast meat as reported by Andres et al. (2006)
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(from 81.2 to 83.2 for L* value; from 2.66 to 3.47 for a* value), while the b* value were on the
same level (11.4 to 12.3). Further, results obtained for L* value were at the same level
comparing to fresh sausages produced from chicken tenderloin, and a* values were higher
than reported by Liu et al. (2009).

CONCLUSIONS

Different amounts of chicken liver (5, 10 and 15 kg) addition, as replacement for equal weight
of MDCM, in cooked sausages formulated from MDCM, affected proximate composition and
colour characteristics of final product. Regarding proximate composition protein content was
increased, and moisture content decreased with liver addition. Regarding colour
characteristics differences were notable between control and experimental sausages, as well
as between experimental sausages with different amount of added liver. At the liver addition
weight of 10 kg, studied in this experiment, sausages tended to be significantly (P<0.05) the
highest in L* and a* values, comparing to other two experimental sausages.
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ABSTRACT

Crystallization is a complex kinetic process aimed at the separation of the sucrose crystal from a liquid
mixture. It is an exothermic process, which consists of nucleation and crystal growth. In industrial
sugar crystallization, nucleation is avoided by introducing crystalline centers by seed crystals
produced in different ways.

In this study, the measurement of size distribution was applied for determination of sucrose crystal
growth rate in pure solutions in a batch cooling crystallizer. The sucrose crystal growth rate was
estimated using the theory of molecular diffusion according to the two-step model.

Under the same conditions of supersaturation, temperature and hydrodynamics of solution, different
crystals grew at different rates. This phenomenon was designated as growth rate dispersion. It was
shown that the dependence of the crystal mass growth rate on the crystal size followed linear
dependency. It was in accordance with the size-dependent growth model. During cooling
crystallization maximum of mass distribution was shifted to higher values of crystal size and increased
the distribution widths. Findings indicated that spread of sucrose crystal size distribution during cooling
was a consequence of growth rate dispersion. The Rosin-Rammler-Sperling-Bennet model fitted the
crystal size distribution data well. The achievement of a narrower size distribution in the final product is
of great practical importance in industrial sugar crystallization.

Keywords: sucrose crystal, cooling crystallization, size distribution, growth rate dispersion

INTRODUCTION

Crystallization from solution is one of the oldest industrial separation processes widely
developed in chemical, pharmaceutical and food industries. It is carried out as a large scale
continuous or batch operation in sugar beet and sugar cane industry. The aim of the
crystallization process is to achieve the highest sugar quality and yield, the highest
exhaustion of molasses, the lowest energy consumption together with the most effective use
of equipment and time.

Crystallization is an exothermic process, which consists of nucleation and crystal growth. In
industrial sugar crystallization, nucleation is avoided by introducing crystalline centers by
slurry as material for seeding (Wittenberg et al., 2000).

A unified crystal growth theory does not exist. Complementary theories were developed,
each dealing with a single aspect of the crystal growth (Sgualdino at al., 1996). According to
the diffusion theory, sucrose crystal growth includes a diffusion process of molecules through
the stagnant layer and the reaction process corresponding to the integration of molecules in
the crystal structure through the adsorption layer. Classical crystallization theory considers
the sucrose concentration gradient as the driving force for crystal growth [Poel et al., 1998].
The process of cooling crystallization is based on the decreasing sucrose solubility in
solutions as the temperature drops. Thus, the supersaturation required for crystallization is
produced by removing heat from the crystallizing solution.

The current work is targeted towards investigation of crystal growth rate dispersion in pure
sucrose solutions during batch cooling crystallization. The understanding of crystal size
distribution variation is an important aspect of crystallization processes.
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MATERIAL AND METHODS

The growth of crystals from pure sucrose solutions was studied in a batch cooling crystallizer
using a Coulter Counter technique. Solutions were prepared by dissolving granulated refined
sugar in distilled water. Solutions were kept for one hour undersaturated at 85 °C before
cooling. The growth process was initiated by the addition of fixed amount of sucrose seeds
i.e. slurry, which was prepared by wet-milling sugar/isopropanol mixture in a ball mill. The
cooling crystallization was conducted from the point of seeding at 50 °C to the final
temperature of 25 °C, according to the defined program.

The quality of solutions was determined according to the methods published in the manual
for laboratory control of the process in sugar factories (Mili¢ et al., 1992). Changes in crystal
number and size were followed by a Coulter Counter, model ZM, England. It is a precise dual
threshold, particle counting and sizing instrument for materials in the range of 0,4 — 800 ym,
based on measurement of electrical conductivity (Grbi¢ et al, 2008).

The Rosin-Rammler-Sperling-Bennet (RRSB) method was applied for evaluation of the main
distribution parameters: mean size and uniformity of crystals (ICUMSA, 2007). It is based on
an exponential function to describe the particle size distribution of sugar that does not have a
normal distribution. The RRSB function is given by:

D(d) = 1 —exp [- (d/d)"] 1)
where is: D(d) — cumulative mass fraction transmitted as function of particle equivalent
diameter in g/g; d — particle equivalent diameter in mm; d' — sieve aperture in mm
corresponding to D = 0,632; n — slope of RRSB function.

Crystal growth rate was determined as a mass growth rate based on measuring crystal size
distributions in solutions. The mathematical model considered two mass transfer steps which
can be described as:

Re=dm/A dt 2
where is: Rg — mass growth rate (mg/mmin), m — crystal mass (mg), A — crystal surface area
(m?), t — time (min).

RESULTS AND DISCUSSION

Parameters of pure sucrose solutions are presented in Table 1. Supersaturation of all
solutions was in metastable zone. Seeding was carried out by slurry in amount of 0,2 %
(w/w). Particle size distribution of slurry is presented in Figure 1.

Table 1. Quality parameters of pure sucrose solutions

Temperature (°C)
Parameters 50 15 35 55
Dry substance (%) 73,60 73,00 71,60 70,60
Supersaturation 1,07 1,09 1,11 1,15
Cooling rate (°C/min) - 0,05 0,17 0,17
Mean crystal size (um) 17,5 57 97 120
Uniformity coefficient 1,35 2,00 2,05 1,80
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Figure 1. Number distribution of particles size in slurry

Determination of sucrose crystal growth rate showed that: crystals of different size grew at
different rate and the growth rate increased with the crystal size under the same external
conditions. The dependence of the crystal mass growth rate on the crystal size during
cooling process followed linear dependency (Grbi¢ et al., 2014). The linear coefficients of
correlation between the growth rate and the crystal size were 1 in all systems. Crystal size
distributions followed the Rosin-Rammler-Sperling-Bennet function. Figure 2 presents the
growth rate dispersion at the different temperatures.
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Figure 2. Sucrose crystal mass growth rate as a function of crystal size

Variation in mass distributions of sucrose crystal size during cooling crystallization is
presented in Figure 3. Mass distribution maximum was shifted to higher values of crystal size
and the distribution width was increased. The increasing spread of the crystal size
distribution during time of cooling was a predictable consequence of the growth rate
dispersion and size dependent growth. Growth rate dispersion has a large effect on the
formation of crystal size distribution (Iswanto et al., 2007). The changes of mass fractions of
crystals size in range: 9 - 37 ym, 37 — 93 ym and > 93 um are presented in Figure 4.
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Figure 5 presents cumulative mass distribution curves of sucrose crystal. These curves are
size evaluation. It is presumed that 0 % of cumulative mass fraction
can be achieved for the largest crystals and 100 % for the smallest crystals, which is similar

applications. Results show changes in the crystal size, their shifting to
higher values and increasing the distribution widths during time of cooling. Distributions of
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Figure 4. Histogram of sucrose mass distribution

crystals followed the Rosin-Rammler-Sperling-Bennet function.
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Figure 5. Cumulative mass distribution curves of sucrose crystal
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CONCLUSIONS

In the present work, the sucrose crystal growth, obtained by cooling crystallization of pure
solutions, was investigated. Based on the results of this study, the following conclusions
were made:

- The crystal growth rate increased with the crystal size under the same external
conditions.

- The dependence of the crystal mass growth rate on the crystal size followed linear
dependency which was confirmed by high values of correlation coefficients in all
systems.

- The shifting of mass distribution maximum to higher crystal values were followed by
distribution spread from point of seeding to the final cooling temperature.

- Crystal size distributions followed the Rosin-Rammler-Sperling-Bennet function.
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ABSTRACT

Osmotic dehydration is an environmentally acceptable, material gentle drying method, which received
considerable attention because of the low processing temperature, base waste material and low
energy requirement. The use of sugar beet molasses as an osmotic medium has proven to be good
solution for several plant and animal materials, but there is no literature data of dehydrating chicken
meat in molasses.

The goal of this research is to investigate the effectiveness of the process of osmotic dehydration of
chicken meat in sugar beet molasses.

The investigated parameters of the process were: time and temperature of the osmotic process and
concentration of the sugar beet molasses, while the monitored responses of the osmotic dehydration
process were: dry matter content, water loss, solid gain, dehydration efficiency index and water
activity.

The highest results obtained of DMC 68.69%, WL 0.5810 g/g;s, SG 0.1492 g/g;s. and a,, 0.809, were
at maximal process parameters of time, temperature and concentration of the process of osmotic
dehydration, since the higher values of process parameters induced the higher mass transfers
between molasses as an osmotic solution and chicken meat as a dehydrating medium.

Keywords: osmotic dehydration, sugar beet molasses, chicken meat

INTRODUCTION

Many traditional techniques and their combinations, such as salting, drying, cooking,
smoking and marinating are used to prevent spoilage of meat and its products by reducing its
water content. A common step in these processes is placing product (meat) in contact with a
concentrated solution (salt, sugar, acids, seasonings etc) (Colignan et al., 2001).

One of the potential preservation techniques for producing products with low water content
and improved nutritional, sensorial and functional properties is osmotic dehydration. This
technology promotes partial removal of water from food by immersion in a concentrated
hypertonic solution. The driving force for the diffusion of water from the plant tissue into the
concentrated solution is provided by the high osmotic pressure of the solution. The diffusion
of water, as the primary mass transfer, is accompanied by the simultaneous counter-diffusion
of solute(s) from the osmotic solution into the meat tissue, which is considered as the
secondary mass transfer. Since the membrane responsible for osmotic transport is not
perfectly selective, other solutes present in the cells can also be leached into the osmotic
solution (Rastogi and Raghavarao, 2004).

Osmotic dehydration is recognized as a pre-treatment step to meat drying processes such
asair-drying, microwave or freeze-drying, to improve the nutritional, sensorial and functional
properties of meats, reduce heat damage and minimize their colour and flavour changes
(Rastogi et al., 2002).

Osmotic dehydration is an environmentally acceptable method, with its ultimate aim for
keeping the initial characteristics of the final product, also material gentle drying method,
which received considerable attention because of the low processing temperature, low waste
material and low energy requirements (Panagiotou et al.,, 1999; Waliszewiski, et al.,
1999).Water removal in liquid form, usage of mild temperatures and osmoatic solution reusing
are main advantages of osmotic dehydration process in comparison with other drying
treatments (Della Rosa and Giroux, 2001;Torreggiani, 1993).
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Sugar beet molasses is an excellent medium for osmotic dehydration, primarily due to the
high dry matter (d.m.) of 80 % and specific nutrient content. From nutrient point of view, an
important advantage of sugar beet molasses use as hypertonic solution is enrichment of the
food material in minerals and vitamins, which penetrate from molasses into the plant tissue
(Koprivica et al., 2008; Koprivica et al., 2009). The presence of complex solute compositions
maintains a high transfer potential favourable to water loss, and at the same time by the
presence of sugar, salt impregnation is hindered (Santchurn et al., 2007). High salt
concentrations decrease the water holding capacity, which contributes to meat dehydration
and shrinkage while there is no swelling of muscle fibres or myofibrils (Barat et al,. 2009;
Alino et al., 2010).

Sensory analysis of the previously researched dehydrated pork meat in molasses has shown
that meat had satisfactory sensory characteristics, with the positive impact on taste and
natural colour of meat. Alteration of the aroma and taste was not too expressed, so it could
be corrected in further steps of technological operations (Ni¢etin et al., 2012).

There has been no previous research of the process of osmotic dehydration of chicken meat
in sugar beet molasses.

The goal of this research was to investigate the effectiveness of the process of osmotic
dehydration of chicken meat in sugar beet molasses as an osmotic solution of different
concentrations, at different temperatures and different times of the process.

MATERIAL AND METHODS

Raw skinless chicken breast was purchased at the lokal shop in Novi Sad, just before use.
Before the osmotic treatment, whole muscle, (24h post mortem,with removed fat tissue),
was cut into cubes, dimension 1x1x1 cm, and then homogenized before the samples were
taken for the process. Sugar beet molasses, with inital dry matter content of 85.04 %, was
obtained from the sugar factory Crvenka, Serbia. Distilled water was used for dilution of
molasses. The diluded molasses concentrations were 60, 70 and 80 % w/w. The sample to
molasses ratio was 1:5 (w/w). The process was performed in laboratory jars at temperature
of 20, 35 and 50 °C under atmospheric pressure, in constant temperature chamber (KMF
115 |, Binder, Germany). Process temperatures were chosen according to osmotic
dehydration temperatures for other animal raw materials (Filipovi¢, 2013; Filipovi¢ et al.,
2013; Curgi¢ et al., 2014). Meat samples were stirred every 15 minutes. Processing
conditions regarding stirring, intesity, duration and frequency, were the same for all
concentrations of molasses at all temperatures, so the results could be comparable.

After 1, 3 and 5 hours the samples were taken out from molasses to be lightly washed with
water and gently blotted to remove excessive water. Times of the process were chosen
according to osmotic dehydration times for other animal raw materials (Filipovi¢, 2013;
Filipovi¢ et al., 2013; Curgié et al., 2014). Dry matter contents of the fresh and treated
samples, and molasses were determined by drying at 105 °C in a heat chamber until
constant mass was achived (Instrumentaria Sutjeska, Srbija). All analytical measurements
were carried out in accordance to AOAC (2000).

Water activity (a,) of the osmotic dehydrated samples was measured using a water activity
measurement device (TESTO 650, Germany) with an accuracy of +£0.001 at 25 °C.

In order to describe the effectiveness of the mass transfer of the osmotic dehydration
process, dry matter content (DMC), water loss (WL), solid gain (SG) and dehydration
efficiency index (DEI) were calculated for different temperatures (T), processing times (1) and
concentration (C) of sugar beet molasses and presented as mean values and standard
deviation of three parallel runs:
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DMC =2 . 100% 1)
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where m; and m; are the initial and final mass (g) of the samples, respectively; z; and z; are
the initial and final mass fraction of water (g water/ g sample), respectively; s; and s; are the
initial and final mass fraction of total solids (g total solids/ g sample), respectively (Filipovi¢ et
al., 2013).

RESULTS AND DISCUSSION

In the table 1 the results of the process responces (DMC, WL, SG, DEI and a,) at three
different T, T and C of the process of osmotic dehydration of chicken meat in molasses are
shown.

DMC and a, values of the raw chicken meat were: 24.92+0,48% and 0.936+0.01
respectively.

The increase of T of the process has influenced statistically significant increase in DMC
values of osmodehydrated meat.

The increase of 1 of the process while other process parameters were constant has also
statistically significantly increased obtained DMC values of osmodehydrated chicken meat.
Increase of molasses concentration has shown statistically significant effect on increase of
the DMC values of dehydrating chicken meat.

Maximal obtained DMC values were 68.69+0,62 % at T of 50°C, after 5h process in
concentrated molasses of 80%. The level of the maximal obtained DMC values were the
same as in case of other osmotic dehydrations of different types of meats (71.11% of
osmodehydrated pork meat and 66.30% of osmodehydrated fish meat) (Pezo et al. 2013;
Curgié et al. 2014).

Increasing all three process parameters, both mass transfers between dehydrating chicken
meat and molasses as an osmotic solution has intensified, allowing higher obtained DMC
values.

The increase of T of the process has statistically significantly influenced on the increase of
WL values of osmodehydrated meat, the same as in case of DMC.

The increase of T of the process while other process parameters were constant has also
statistically significantly increased obtained WL values of osmodehydrated chicken meat,
again the same as in case of DMC.

Increase of molasses concentration has shown statistically significant effect on increase of
the WL values of dehydrating chicken meat.

Maximal obtained WL values were 0.5810+£0.0034 g/g;s.at the same process parameters as
in case of DMC: T of 50°C, 1 of 5h, C of 80%. The level of the maximal obtained WL values
were, again, the same as in case of other osmotic dehydrations of different types of meats
(0.58 g/g;s.of osmodehydrated pork meat and 0.57 g/g;s. of osmodehydrated fish meat) (Pezo
et al. 2013; Curdi¢ et al. 2014).

By increasing all three process parameters, the main mass transfer of water between
dehydrating chicken meat and molasses has intensified, providing higher achived WL values.
The increase of T of the process has led to the increase of SG values of osmodehydrated
meat, but not statistically significantly.

The increase of 1 of the process while other process parameters were constant has
statistically significantly increased obtained SG values of osmodehydrated chicken meat, the
same as in case of DMC and WL.
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Table 1.Values of the osmotic dehydration process responses of chicken meat in molasses

T T C DMC WL SG DE| a
(C) | (h) | (%dm.) (%) (9/9is.) (9/gis.) "
20 1 50 40.77 0.2856 0.0905 3.15 0.904
+1.76% +0.0140% +0.0025% +0.07%° +0.009?
0 3 60 51.08 0.4147 0.1129 3.69 0.897
+0.98" +0.0068" +0.0110"°% +0.30QP¢de10 +0.011 2
0 c 50 54.58 0.4506 0.1225 3.70 0.885
+0.24"° +0.0016° +0.0108°¢1 +0.31°¢¢¢0 +0.006%
35 1 50 42.03 0.2815 0.1033 2.73 0.912
+0.59% +0.0048% +0.0044% +0.07% +0.00122
35 3 60 52.29 0.4009 0.1176 3.41 0.897
+3.03" +0.0220™ +0.0046"°%" +0.05%c¢e! +0.001%
35 s 60 56.84 0.4549 0.1183 3.85 0.880
+0.04%' +0.0002° +0.0006"°% +0.02P¢de10 +0.014 *
50 1 60 45.06 0.3286 0.0802 417 0.900
+1.00% +0.0077° +0.0140% +0.64' +0.006°
50 3 60 56.93 0.4603 0.1306 3.53 0.890
+0.63%" +0.0042% +0.0068%% +0.15°°¢¢0 +0.007%
50 5 60 59.87 0.4840 0.1389 3.48 0.873
+0.38™ +0.0025' +0.0016°" +0.02P¢de10 +0.003"%'
20 1 20 42.03 0.2955 0.0802 3.72 0.897
+0.56% +0.0044%" +0.0167° +0,23Pcdem0 +0.009%"
0 3 20 54.28 0.4478 0.1130 3.96 0.873
+0.68°M +0.0046° +0.0107°°% +0.03%%9 +0.007°ce0"
20 5 20 56.93 0.4864 0.1236 3.94 0.872
+0.09% +0.0006" +0.0025°1 +0.07%" +0.011"%
35 1 20 42.09 0.2888 0.0931 3.11 0.901
+1,13%M +0.0090% +0.0090% +0.21% +0.0042
35 3 20 55.75 0.4362 0.1289 3.41 0.872
+2 1208k +0.0149™ +0.0149% +0,2820cc! +0.010%
35 s 20 59.91 0.4905 0.1290 3.81 0.850
+1.06M° +0.0068Y +0.0068%" +0.15P0e10 +0.008™Mk
50 1 20 46.28 0.3496 0.0847 413 0.893
+1.03% +0.0077° +0.00482 +0.14" +0.003%M
50 3 20 61.24 0.5086 0.1265 4.10 0.871
+0.61 " +0.0038%% +0.0220%¢1 +0.69°9 +0.008"4eK™
50 s 20 65.02 0.5445 0.1319 4.13 0.842
+0.36' +0.0021' +0.0002°" +0.05'9 +0.009"
20 1 80 4427 0.3247 0.0991 3.28 0.895
+0.32%9" +0.0025° +0.0028% +0.07% +0.010%™M
20 3 80 55.77 0.4634 0.1256 3.70 0.854
+1.66% +0.0110% +0.0109°% +0,23Pcdei +0.011™Min°
20 s 80 58.86 0.4963 0.1283 3.87 0.836
+1,77 Mo +0.0108%™ +0.0033%" +0.02°0¢0 +0.003"P
35 1 80 45.18 0.3149 0.0938 3.36 0.898
+2.129mPt +0.0167°" +0.0077% +0.10%0¢c00 +0.005°
35 3 80 58.69 0.4758 0.1306 3.64 0.849
+1 G4 +0.0108% +0.0038%% +0.02°¢¢10 +0.004Mmner
35 s 80 64.76 0.5283 0.1443 3.66 0.812
+0.40™ +0.0025" +0.0021" +0.04P¢0e10 +0.001"°
50 1 80 48.82 0.3776 0.1032 3.67 0.890
+0.36"9°° +0.0028¢ +0.0077%° +0,25P¢de10 +0.009%MIM
50 3 80 62.15 0.5241 0.1325 3.96 0.841
+1.84/SVWx +0.01094™ +0.0042°% +0.04% +0.008""
50 s 80 68.69 0.5810 0.1492 3.89 0.809
+0.62% +0.0034" +0.0025¢ +0.04°%°0 +0.004°

abcdefghijkimnopgrstuvwx

Different letters in the superscript
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Increase of molasses concentration has shown statistically insignificant increase of the SG
values of dehydrating chicken meat.

Maximal obtained SG values were 0.1492+0.0025 g/g;s.at the same process parameters as
in case of DMC and WL: T of 50°C, 1 of 5h, C of 80%. The level of the maximal obtained SG
values was the same as in case of osmotic dehydration of fish (0.14 g/g;s), (Curgié et al.
2014), while it was significantly lower than SG values of osmodehydrated pork meat (0,21
0/gis) (Pezo et al. 2013).

By increasing all three process parameters, the secondary mass transfer of solutes from
molasses as an osmotic medim to dehydrating chicken meat has intensified, providing higher
achived SG values.

DEI indicates on the efficiency of the osmotic dehydration process, since the higher values
are characterised by high WL and low SG values.

The increase of T and 71 of the process and C of osmotic solution provided complex effect on
DEI values. Increase of these process parameters has intensified both mass transfers
responsibille for increasing WL and SG values. Combined effect of these increases is
noticable in complex increase of DEI values.

DEI values ranged from 2.73 to 4.17 depending of the applied process parameters, which
are at the same level as DEI values of osmodehydrated pork meat (ranged from 2.78 3.61)
(Filipovi¢, 2013).

The increase of each process parameter: T and 1 of the process and C of osmotic solution
has statistically significantly decreased obtained a,, valued of dehydrated chicken meat. The
results of the obtained a,, values are in direct corelation with DMC values of osmodehydrated
chicken meat.

Minimal obtained a,, value of osmodehydrated chicken meat was 0.809+0.004 at process
parameters of 50°C, after 5h process in molasses of concentration of 80%. This level of
achived a,, values is lower than inhibiting levels for growth of most microorganisms expept
some molds (Huang and Nip, 2001; Feiner, 2006).

CONCLUSIONS

From the presented results it can be concluded that osmotic dehydration is effective
alternative method for lowering water content of raw chicken meat producing intermediate-
product of increased DMC, up to 68.69%, and lowered a,, values,down to 0.809.

Osmotic dehydration in molasses as an osmotic solution is very effective, obtaining high WL
values of up to 0.5810 g/g;s. and SG values of 0.1492 g/g;s..

The highest results obtained were at maximal process parameters of time, temperature and
concentration of the process of osmotic dehydration.

Alternative use of molasses has provided a new environmentally friendly value to the by-
product of sugar beet production, also allowing incorporation of beneficial nutritive
composition of sugar beet molasses in human diet.
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ABSTRACT

Fish processing industry is still underdeveloped in Republic of Serbia. Manufacturing fish products and
development of new fish products could increase offer of that type of food and to contribute to better
sale of fish, not only in traditional fish markets, but also in retail stores and supermarkets. Therefore,
the main objective of this study was to describe the proper technological process of hot smoking of
common carp as well as to determine the yield of final product and also microbiological safety of hot-
smoked common carp meat. The whole manufacturing cycle was described. Smoking process yield
was determined by using 21 fish. Microbiological tests were conducted according to the national
legislation. Based on presented data, it can be concluded that it could be useful for promoting smoked
carp. These results also may be helpful in making different strategies for the manufacturing industry.
Data on yield of final products are very important when we talk about any kind of fish processing and
analysis of economic feasibility of production and processing. Microbiological analysis of hot smoked
common carp showed the absence of pathogenic bacteria and confirmed that the obtained product is
safe and suitable for human consumption. Appropriate technological process of manufacturing
smoked carp provides high quality of final product. Obtained results could help to develop similar
products from different fish species, which would complete the current offer of fish and fish products in
the market.

Keywords: common carp, hot-smoking, yield, microbiological safety, manufacturing

INTRODUCTION

Common carp is economically the most significant fish species on the fish farms in Serbia
(Cirkovic et al., 2012), and the cyprinids are the most common species in the total world
production of freshwater fishes (71.9%, 24.2 million tons in 2010) (FAO, 2012). Consumption
of fish meat is increasing worldwide, primarily due to the fact that fish meat is recommended
as an important component in healthy human nutrition. According to the latest FAO (2012)
report, Serbia belongs to the group of the countries where the average consumption of fish
ranges between 5-10 kg per capita per year, which is significantly below European and world
average consumption. Balti¢ et al. (2009) suggested that poor standard is the main reason
for this situation, but also weak and undiversified offer of fish and fish meat products in the
local market significantly contribute to the low fish consumption. Fish processing industry is
still underdeveloped. Manufacturing fish products and development of new fish products
could increase offer of that type of food and to contribute to better sale of fish, not only in
traditional fish markets, but also in retail stores and supermarkets. Technological processes
of processing, preservation and storage are different for fish meat and for the mammalian
meat. For proper manufacturing of fish products, knowledge about chemical composition and
characteristics of raw fish meat is very important in order to apply the most appropriate
technology procedures adjusted to certain fish species. Recently fish sausages of common
carp meat and also of meat of other cyprinid fish species were developed (Okanovi¢ et al.,
2013 a, b) which represents a great contribution to this branch of food processing, but there
is still a need for developing new products and improving the existing. In Republic of Serbia,
there is growing market demand for smoked trout and smoked common carp (Cyprinus
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carpio) and popularity of these products is increased particularly (Pavli¢evi¢ et al., 2013).
Common carp is usually sold as a raw fish. The application of smoking for the extension of
the shelf-life is a process of great interest, given that fish meat is generally spoils fast and
easily. As far as we know, there is no information in the literature about the procedure of
traditional hot smoking of common carp. Therefore, the main objective of this study was to
describe the proper technological process of hot smoking of common carp as well as to
determine the yield of final product and also microbiological safety of hot-smoked common
carp meat.

MATERIAL AND METHODS

Fresh whole common carp (average weight of 2850 g) were obtained from the fishery farm
Ecka, Lukino Selo, Republic of Serbia and transported to the fish processing facilities
(Agropapuk, Kuzmin, Republic of Serbia) in refrigerator, at 4°C. The fish were slaughtered
and the scales and guts were removed for common carp and fish were then washed in clean
fresh water. The fish were dry salted on a room temperature using refined NaCl. The ratio
between fish and salt weight was approximately 20. After finishing dry salting, excess salt
was taken off. Then the fish were kept at room temperature for 30 minutes and after that the
fish were smoked. Fish were subsequently washed in clean water and dried. The fish were
then hot smoked for 12 h at temperatures above 60°C. For the hot smoking hard wood as
well as wood sawdust were used in order to produce enough smoke. After smoking, fish was
cooled (at 4°C, for 4 h), and then packed. Figure 1 presents flow diagram of the production of
hot-smoked common carp. The samples were stored at a temperature of 4°C until the end of
the analysis. Analyses of hot smoked common carp were carried out at the Institute of Meat
Hygiene and Technology in Belgrade. Smoking process yield was determined by using 21
fish. Calculation of eviscerating, descaling, dressing percentage, smoking yields and losses
of total smoking process were based on fish live weight.

Microbiological tests were conducted according to the national legislation (SI. glasnik RS
72/2010) by determining: the total number of microorganisms (EN ISO 4833), the presence
of Salmonella species (EN ISO 6579), Escherichia coli (ISO 16 649), L. monocytogenes (EN
ISO 11290-1) and Bacillus cereus in g /ml (EN ISO 7932).

RESULTS AND DISCUSSION

Average vyield of smoked common carp was 82.19 % based on weight of eviscerated and
descaled fish or 47% based on weight of live fish (Table 1). Hot - smoking method affected
weight losses of smoked fillet as also noted by Franco et al. (2010). The mentioned authors
found out that the process losses were significantly higher in hot-smoking process in
comparison with the process of cold smoking. Sigurgisladottir et al. (2000) suggested that the
weight loss is due to dehydration during smoking and it varies between 10 and 25%
depending on several factors, including origin of raw material, characteristics of final products
and parameters used in the process, especially time and temperature.
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Figure 1. Flow diagram of the production of hot-smoked common carp

Ljubojevi¢ et al. (2012) and Okanovi¢ et al. (2013 ab) reported that quality of raw fish is
highly important for yield and quality of the final product. Martinez et al. (2010) noted that
type of raw material, manual processing method, method of salting, and smoking conditions
(temperature, moisture, air flow rate, drying) are determinant factors on the weight variation
during smoking. Yield of final product is of great technological and economical importance.
Nutrition, age, weight, seasonal variation and physiological phase have great influence on
yield (Ljubojevi¢ et al., 2012). Therefore, those factors that might affect analysis could be
avoided. Fish were of the same weight class, origin and fed on the same diet.

Table 1. - Average values of fish weight and yield, losses occurred during the smoking process of
common carp (Cyprinus carpio) (n=21)

X Sd Se lv Cv
Weight of whole fish (g) 2850 64.65 14.11 2700 - 2980 2.28
]\c’l\g‘;'%g; of eviscerated and descaled | y9559 | 7482 | 16.33 | 1701-1966.8 | 4.04
Dressing percentage (%) 65 1.64 0.36 62-68 2.52
Weight of hot smoked fish () 1523.1 | 67.45 14.72 1374.4-1632.4 | 4.43
Yield of smoked fish (%) 82.19 0.93 0.2 80.5-84 1.13
Smoking process loss (%) 17.81 0.93 0.2 16-19.5 5.23
Total loss (%) 53.42 1.53 0.33 50.53-56.1 2.87

Legend: x - mean value; Sd —standard deviation; Se- standard error; Cv — coefficient of variation; Iv —
interval of variation

Results of microbiological analysis of hot smoked common carp (Table 2) showed that the
minimal number of aerobic bacteria (3000) was found in the examined products. This
suggests that the carp meat was microbiologicaly safe and that proper manufacturing and
hygiene conditions in the processing faciliies Agropapuk were presented during all
production cycle. Also, a thermal treatment was carried out in a proper way, which resulted in
destroying of most microorganisms. Proper salt content also contributed to the
microbiological safety of final product. It is significant that the presence of any pathogen
bacteria was no found.
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Table 2. - Results of microbiological analysis of hot smoked common carp

Microorganisms Number of microorganisms
L.monocytogenes in 25 g/mL ND
E.coliin g/mL ND
Number of aerobic colony in g/mL 3000
Salmonella species in 25 g/mL ND
Bacillus cereus in g/ml ND

Legend: ND- not determined
CONCLUSIONS

Based on presented data, it can be concluded that it could be useful for promoting smoked
carp. These results also may be helpful in making different strategies for the manufacturing
industry. Data on yield of final products are very important when we talk about any kind of
fish processing and analysis of economic feasibility of production and processing.
Microbiological analysis of hot smoked common carp showed the absence of pathogenic
bacteria and confirmed that the obtained product is safe and suitable for human
consumption. Appropriate technological process of manufacturing smoked carp provides
high quality of final product. Obtained results could help to develop similar products from
different fish species, which would complete the current offer of fish and fish products in the
market.

ACKNOWLEDGEMENTS

This paper is a result of the research within the project TP 31011 “The influence of the quality
of the food components for cyprinid fish species on the quality of meat, losses and the
profitability of production”, financed by the Ministry of Science and Technological
Development, Republic of Serbia. We also thank to “Agropapuk” d.o.o.

REFERENCES

Balti¢, Z. M., Kilibarda, N., Dimitrijevi¢, M. (2009). Cinioci od znacaja za odrzivost ribe i odabranih proizvoda
od ribe u prometu. Tehnologija mesa, 50(1-2), 166-176.

Cirkovié, M., Ljubojevi¢, D., Pordevi¢, V., Novakov, N., Petronijevi¢, R., Matekalo-Sverak, V., Trbovi¢, D.
(2012). The Breed Effect on Productivity and Meat Nutrient Compsition of Fish. Kafkas Universitesi
Veteriner Fakiltesi Dergisi, 18 (5), 775-780.

FAO (2012). Demand and supply of aquafeed and feed ingredients for farmed fish and crustaceans: trends
and future prospects. In: The State of World Fisheries and Aquaculture, 172-181
(http://www.fao.org/docrep/016/i2727e/i2727e.pdf)

Franco, M. L. R. S,, Viegas, E. M. M., Kronka, S. N., Vidotti, R. M., Assano, M., Gasparino, E. (2010). Effects
of hot and cold smoking processes on organoleptic properties, yield and composition of matrinxa fillet.
Revista Brasileira de Zootecnia. 39 (4), 695-700.

Ljubojevi¢, D., Cirkovié, M., Novakov, N., Babi¢, J., Lujié, J., Markovié, T. (2012). Faktori koji utiéu na randman
Saranskih riba. Tehnologija mesa, 53 (1), 14-19.

Martinez, O., Salmeron, J., Guillén, M. D., & Casas, C. (2010). Effect of freezing on the physicochemical,
textural and sensorial characteristics of salmon (Salmo salar) smoked with a liquid smoke flavouring. LWT-
Food Science and Technology, 43(6), 910-918.

Okanovi¢, D., Cirkovi¢, M., Novakov, N., Ljubojevié, D., Karan, D., Matekalo-Sverak, V., Masi¢, Z. (2013b).
Sensory and chemical characteristics of sausages produced of cyprinid meat, Food and Feed Research
40 (2), 53-58.

Okanovié, ., Ljubojevié, D., Cirkovi¢, M., Pordevié, V., Karan, D., Vrani¢, D., Novakov, N. (2013a).
Characteristics of sausages produced of carp meat. Savremena poljoprivreda, 62 (1-2), 83-90.

Pavli¢evi¢, N., Bordevi¢, V., Dimitrijevi¢, M., Karabasil, N., Balti¢, M., Boskovi¢, M., Petrovi¢ J. (2013). Effect
of pre-processing of trout by freezing on the characteristics of smoked trout fillets. Tehnologija mesa 54
(1), 57-68.

Pravilnik o opstim i posebnim uslovima higijene hrane u bilo kojoj fazi proizvodnje, prerade i prometa (SI.
glasnik Republike Srbije, broj 72/2010)

Savezni zavod za standardizaciju SRPS EN ISO 11290-1. (2009). Mikrobiologija hrane i hrane za Zivotinje —
Horizontalna metoda za odredivanje broja L.monocytogenes.

103



Il International Congress “Food Technology, Quality and Safety”

Savezni zavod za standardizaciju SRPS EN ISO 4833. (2008). Mikrobiologija hrane i hrane za Zivotinje
Horizontalna metoda za odredivanje broja mikroorganizama — Tehnika brojanja kolonija na 30 oC.

Savezni zavod za standardizaciju SRPS EN ISO 6579. (2008). Mikrobiologija hrane i hrane za Zivotinje
Horizontalna metoda za otkrivanje Salmonella spp.

Savezni zavod za standardizaciju SRPS EN ISO 7932. (2011). Mikrobiologija hrane i hrane za Zivotinje
Horizontalna metoda za odredivanje broja Bacillus cereus.

Savezni zavod za standardizaciju SRPS ISO 16649-2. (2008). Mikrobiologija hrane i hrane za Zivotinje —
Horizontalna metoda za odredivanje broja B — glukuronidaza pozitivne Escherichia coli — Deo 2: Tehnika
brojanja kolonija na 44°C pomoc¢u 5-bromo-4-hloro-3-indolil -D-glukuronida.

Sigurgisladottir, S., Sigurgisladottir, M. S., Torrissen, O., Vallet J. L., Hafsteinsson, H. (2000). Effects of
different salting and smoking processes on the microstructure, the texture and yield of Atlantic salmon
(Salmo salar) fillets. Food Research International, 33, 847-855.

104



Il International Congress “Food Technology, Quality and Safety”

CONTRIBUTION OF MEAT INSPECTION AND ABATTOIR PROCESS HYGIENE
TO BIOLOGICAL SAFETY ASSURANCE OF POULTRY CARCASSES

Biljana Bozic, Bojan Blagojevic*,

Department of Veterinary Medicine, Faculty of Agriculture, University of Novi Sad,
Trg D. Obradovica 8, 21000 Novi Sad, Serbia

*Corresponding author:
E-mail address: blagojevic.bojan@yahoo.com

ABSTRACT

The aim of the study was to compare performances of the current official meat inspection and abattoir
process hygiene in ensuring biological safety of poultry carcasses through qualitative risk ranking of
hazards associated with poultry that each of these risk management strategies can control at abattoir
level. Available literature was used, and where no literature was available, international experts were
consulted. The results indicate high risk of Salmonella enterica and thermophilic Campylobacter spp.,
and low risk of human pathogenic Escherichia coli, Yersinia enterocolitica, Listeria monocytogenes,
Clostridium spp., Toxoplasma gondii and numerous other identified meat-borne biological hazards.
Analysis of the current two main risk management strategies in poultry abattoirs indicated that abattoir
process hygiene has a higher public health protection potential than official meat inspection. For many
hazards, data gaps were identified; further studies and zoonoses monitoring should be addressed to
fill those gaps so to have more accurate inputs for risk assessment and selection of appropriate risk
management measures for those hazards.

Keywords: poultry, biohazards, meat inspection, abattoir process hygiene

INTRODUCTION

Many biological, chemical and physical hazards affect the safety of poultry meat; however, it
is generally accepted that the biological hazards pose the highest threat to meat consumers
(Norrung and Buncic, 2008). These biological hazards are mainly zoonotic - originating from
slaughtered poultry for - and can be divided into i) hazards that can cause macroscopically
visible lesions, and ii) hazards that usually do not cause macroscopically visible lesions in
slaughtered birds but are often present in/on the alimentary tract/skin/feathers. Lesions due
to the hazards in the first group can be detected with the current official meat inspection (EC,
2004) and removed from the meat chain. Hazards from the second group can be excreted by
any bird (healthy or diseased) and, even if causing lesions, these are normally not detected
by the current meat inspection. Therefore, control of the later group of hazards in abattoirs is
based on prevention/reduction of their transfer from skin/guts to meat — i.e. abattoir process
hygiene (FAO, 2004).

Risk management process within the food safety risk analysis, i.e. selection and
implementation of measures for public health risk reduction to acceptable level, shall take
into account the results of risk assessment (FAO/WHO, 2006). Given the potentially high
resource costs associated with conducting risk assessments and/or implementing risk
management decisions, risk ranking has been recognized as the proper starting point for
risk-based priority setting and resource allocation. The effectiveness of the risk management
options need to be reviewed regularly with an aim of continual improvement in public health
(CAC, 2007). The performances of meat inspection and process hygiene in ensuring the
overall biological safety of poultry meat are not assessed to-date. Therefore, the aim of this
study was to assess those performances based on a previously developed model (Blagojevic
and Antic, 2014) for assessment of meat inspection and process hygiene in cattle and pig
abattoirs.

105


mailto:blagojevic.bojan@yahoo.com

Il International Congress “Food Technology, Quality and Safety”

MATERIAL AND METHODS

Hazard identification

Hazard identification was based on literature review. To be included, hazards had to meet
the following criteria: to be biological, zoonotic and associated with poultry. Meat-borne
hazards were ranked further, and those that are not proven to be meat-borne were excluded
from ranking (risks are considered negligible).

Risk ranking
A qualitative risk ranking of identified hazards was conducted using modified decision tree

developed by the European Food Safety Authority (EFSA, 2012; Figure 1). Risks for public
health were assessed qualitatively at the point of chilled carcasses as a proxy for meat
consumers’ exposure.

Incidence of disease: Average incidence of human diseases reported in the European
Union (EU) for the period 2010-2012 was determined based on the data from the EU
zoonoses monitoring reports (EFSA/ECDC, 2012, 2013, 2014) and was assigned as: low (<1
confirmed cases/100,000 inhabitants), medium (1-10/100,000) or high (>10/100,000).
Severity of disease: Severity of disease was determined based on available scientific
literature and expert elicitation (in the case of lacking or controversial literature data). Twelve
international experts in veterinary public health and food safety gave a response regarding
meat-borne hazards: i.e. are the respective consequences of disease in humans severe or
not. The description of “severe consequences of disease” was: high mortality and/or severe
symptoms and/or high likelihood of hospitalization and/or high likelihood of sequelae.

Source attribution: Attribution to poultry of human disease caused with each identified
hazard (whether the attribution to poultry is high or not) was determined on the basis of
EFSA’s opinion on poultry meat inspection (EFSA, 2012).

Hazard prevalence in/on chilled carcasses: Prevalence of hazards in/on chilled poultry
carcasses in the EU for the period 2010-2012 was determined on the basis of EU zoonoses
monitoring reports (EFSA/ECDC, 2012, 2013, 2014), and was assigned in one of three
categories: low (<0.1%), medium (0.1-5%) or high (>5%).

Poultry-borne hazard identified

v

Risk is related to growth or
introduction post carcass chill?

No | Yes
v v
Human incidence is high? — No -» Severity is high? Control options later
| in the meat chain
Yes Yes No ~a
v a Attribution to poultry is high?
Attribution to poultry is high?
! Yes
Yes No
¢ \ / No
Prevalence in/on carcasses is high? Prevalence in/on carcasses is high?
| I
Yes No Yes z
v v ° ~ A 4
HIGH RISK MEDIUM RISK LOW RISK

Figure 1. Flowchart for risk ranking of poultry-borne hazards (EFSA, 2012)
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Assessment of performances of the risk management strategies at abattoirs
Performances of the meat inspection and abattoir process hygiene to protect public health
are defined as their capacities for reducing risk of meat-borne hazards. These performances
were expressed through the number of identified meat-borne hazards that can be controlled
with each strategy and the level of risk those hazards pose to public health.

RESULTS AND DISCUSSION

Hazard identification

Identified hazards that are associated with poultry (Table 1) do not represent all biological
hazards with zoonotic potential; rather, the most common hazards, occurring in the Europe
primarily, are outlined. Public health risks of some ubiquitous hazards (Clostridium spp., L.
monocytogenes and S. aureus) are mainly related to their growth and/or entering the meat
chain after carcass chilling in abattoirs (Norrung et al., 2009). Given that the aim of this study
was to evaluate performances of risk management strategies at abattoir level, risks of these
hazards were assessed as “low”. Identified hazards that are not meat-borne (transmission to
humans occurs through contact, aerosol or consumption of water, other food, etc.) are also
shown in Table 1. As this study is focused on risk analysis related to meat consumption, the
related risks are assessed as “negligible”.

Table 1. Hazard identification

Hazard Meatborne? | Detectable through meat inspection (examples of
detectable lesions*)?

Campylobacter spp. | Yes No

(termophilic)

Yersinia enterocolitica Yes No

Escherichia coli (human | Yes No

pathogenic)

Salmonella enterica Yes No

Listeria monocytogenes | Yes No

Staphylococcus aureus Yes Yes (arthritis, liver/spleen/kidney necrosis, abscesses)

Clostridium perfringens Yes Yes (haemorrhagic enteritis, hyperaemic organs)

Clostridium botulinum Yes No

Clostridium difficile Yes No

Toxoplasma gondii Yes Yes (spleen and liver enlargement, necrotic hepatitis,
pericarditis, enteritis, lung congestion)

Zoonotic Mycobacterium | No Yes (yellow nodules with caseous necrosis in liver,

spp. kidney, lungs, heart)

Streptococcus spp. | No Yes (spleen, kidney and liver enlargement; peritonitis,

(haemolytic) congestion of internal organs)

Erysipelothrix No Yes (general septicaemia, congestions, haemorrhagic

rhusiopathiae myocardium, enteritis)

Chlamydia psittaci No Yes (fibrous pericarditis, liver enlargement, conjunctivitis)

Pasteurella multocida No Yes (comb and craw cyanosis, intestinal haemorrhages,
abscesses, arthritis)

Highly pathogenic avian | No Yes (lung congestion and oedema, comb congestions
influenza virus and cyanosis, atrophy of thymus and bursa Fabiricii,
haemorrhage)

Newcastle disease virus | No Yes (haemorrhagic lesions in intestinal tract,
conjunctivitis)

Cryptococcus No Yes (granuloma and necrosis of liver, intestines, lungs

neoformans and spleen)
Aeromonas hydrophila No Yes (intestinal inflammation and haemorrhage,
aerosaculitis, salphingitis)

*According to FAO, 2004
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Drawing a clear line between the hazards that “cause” and “do not cause” detectable lesions
is very difficult. For instance, although Salmonella is grouped into “not causing lesions”
hazards, these organisms can sometimes cause lesions that are recognizable by meat
inspection (e.g. emaciation, septicaemia, enteritis; Poppe, 2000). Therefore, it is also difficult
to draw a distinct line between hazards that are controlled by meat inspection or by process
hygiene. Nevertheless, this hazard (like some others) is here arbitrarily grouped into hazards
that do not cause lesions and are controllable by process hygiene, as it is more often present
in faeces than it causes detectable lesions in infected birds.

Risk ranking of meat-borne hazards

Parameters used for risk ranking of poultry-borne hazards are shown in Table 2 and the
results of the ranking including risk management options are shown in Table 3. Salmonella
enterica and thermophilic Campylobacter spp. represent the high-risk hazards. There are no
hazards in the medium risk category, and other meat-borne hazards are of low risk. High risk
of Salmonella and Campylobacter in poultry meat is a consequence of high incidence, high
attribution to poultry and high prevalence of each of those hazards on poultry carcasses.
Salmonellosis is the second most reported zoonosis in the EU with 95-100,000 reported
human cases per year (EFSA/ECDC, 2012, 2013, 2014), while it has been estimated that
real number is around 6 million (Havelaar et al., 2012). Infection is foodborne and poultry
meat is considered as the second most important source (after eggs). This study found that
the prevalence on chilled carcasses is 8.71%; however, EU baseline study in 2008 found
16% of contaminated broiler carcasses (EFSA, 2010). Campylobacteriosis is the most
commonly reported zoonotic disease in humans in the EU - roughly with 200,000 cases per
year (EFSA/ECDC, 2012, 2013, 2014), although it has been estimated that true number is
around 9 million (Havelaar et al., 2012). Poultry meat is considered as the most important
source for humans. Beside that, this study found prevalence of around 28%, but EU baseline
study found that 76% of contaminated dressed broiler carcasses in 2008 (EFSA, 2010).

It should be kept in mind that the risk ranking results are related to the EU as a whole and for
the period 2010-2012. It is necessary to re-visit and update the risk ranking periodically
(when newer data are available), as well as to perform regional assessments which would be
more of practical use.

Table 2. Parameters used for ranking of meat-borne hazards

Hazard Incidence of disease Severity | Attribution | Prevalence infon
of to poultry | chilled carcasses

confirmed | risk disease is high? % of cont. | risk
cases category | is high? carcasses | category
/100,000

Campylobacter spp. | 51.5 high no yes 28.67 high

(thermophylic)

Yersinia 1.61 medium no no no data low

enterocolitica

E. coli (human | 1.3 medium yes no 1.56 medium

pathogenic)

Salmonella spp. | 21.5 high no yes 8.71 high

(nontyphoidal)

Toxoplasma gondii 0.1 low no no no data low

Assessment of performances of the main risk management strategies at abattoirs

Analysis of the risk ranking results (Table 3) indicates that abattoir process hygiene has a
higher potential for protection of public health that official meat inspection. This is mainly due
to the fact that both high risk hazards are controlled with adequate process hygiene that is in
practice achieved through successful implementation of Good Manufacturing/Hygienic
Practice and Hazard Analysis and Critical Control Points systems (FAO, 2004).The current
meat inspection was found to be of no relevance in ensuring biological safety of meat as it
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addresses only zoonotic hazards that are not proven to be meat-borne (Table 1).
Weaknesses of the current meat inspection are well recognized; concerns have been
expressed that meat inspection can no longer be considered adequate to protect public
health as it is ineffective in controlling the hazards that currently pose highest public health
burden such as Salmonella, Campylobacter, pathogenic Yersinia and verotoxigenic
Escherichia coli. In the EU significant actions have been initiated in order to review and
modernise meat inspection moving towards a more risk-based approach (EFSA, 2012).
Although the risks of non-meat-borne hazards are assessed as negligible for consumers,
these hazards can pose serious threat for workers at abattoirs as occupational hazards.
Also, to increase the effectiveness of process hygiene for control of hazards present infon
faeces, skin and feathers, previous assessment of cleanliness of birds, as an important part
of the ante-mortem inspection, is ultimate precondition. Thus, in the case of excessively dirty
birds, logistical slaughter can be applied, resulting in better microbiological status of dressed
carcasses. Also, analysis of the food chain information (FCI) within meat inspection system
can reveal higher risk of specific pathogens’ contamination (e.g. Salmonella) associated with
incoming birds and a need for logistical slaughter. A visual post-mortem inspection of
carcasses can detect faecal and other contamination as a result of improper dressing
process (EFSA, 2012). Furthermore, some detected conditions although do not have any
direct public health implications, may indicate higher risk of chemical hazards in meat
(residues of veterinary drugs).

Toxoplasma gondii is pointed out as a hazard that cannot be controlled by abattoir process
hygiene or by official meat inspection. Therefore, it is certain that future meat inspection
should be directed to the detection of this hazard. Furthermore, it is possible to inactivate
intramuscular parasites through high or low temperature treatments (Nordic Council of
Ministers, 2006). Therefore, temperature treatment (i.e. freezing) of meat in abattoirs could
be “regular” risk management control measure for intramuscular parasites, in cases where it
is estimated that the risks of these hazards are elevated - for instance, if FCI analysis
indicate that birds originate from outdoor raising systems.

Table 3. Risk ranking of meat-borne hazards and strategies for their control

Hazard Final risk | Meat inspection or process hygiene as
category main risk management option

Campylobacter spp. (thermophilic) high abattoir process hygiene

Yersinia enterocolitica low abattoir process hygiene

Escherichia coli (human pathogenic) low abattoir process hygiene

Salmonella enterica high abattoir process hygiene

Listeria monocytogenes low control in later phases of the meat chain

Staphylococcus aureus low control in later phases of the meat chain

Clostridium difficile low control in later phases of the meat chain

Clostridium botulinum low control in later phases of the meat chain

Clostridium perfringens low control in later phases of the meat chain

Toxoplasma gondii low none

Zoonotic Mycobacterium spp. negligible meat inspection

Streptococcus spp. (haemolytic) negligible meat inspection

Erysipelothrix rhusiopathiae negligible meat inspection

Chlamydia psittaci negligible meat inspection

Pasteurella multocida negligible meat inspection

Highly pathogenic avian influenza virus | negligible meat inspection

Newcastle disease virus negligible meat inspection

Cryptococcus neoformans negligible meat inspection

Cryptosporidium spp. negligible meat inspection

Aeromonas hydrophila negligible meat inspection
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CONCLUSIONS

Analysis of the current two main risk management strategies in poultry abattoirs indicated
that adequate hygiene of slaughter and carcass dressing has a higher potential to contribute
to the overall biological safety of poultry carcasses than official meat inspection; this is
primarily due to the fact that Salmonella enterica and thermophilic Campylobacter spp. are
assessed as high risk hazards. For some hazards, data gaps were identified; further studies
and zoonoses monitoring should be addressed to fill those gaps so to have more accurate
inputs for risk assessment and selection of appropriate risk management measures.

ACKNOWLEDGEMENTS

The study is a part of project No. 114-451-2230/2011-03 financed by Provincial Secretariat
for Science and Technological Development AP Vojvodina.

REFERENCES

Blagojevic B., Antic D. (2014). Assessment of potential contribution of official meat inspection and abattoir
process hygiene to biological safety assurance of final beef and pork carcasses. Food Control 36, 174-
182.

CAC (2007). Principles and guidelines for the conduct of microbiological risk management (MRM). CAC/GL-
63, 1-19.

EC (2004). Regulation No 854/2004 of the European Parliament and of the Council of 29 April 2004 laying
down specific rules for the organisation of offi cial controls on products of animal origin intended for human
consumption.Official Journal of the European Union L139, 206—-320.

EFSA (2010). Analysis of the baseline survey on the prevalence of Campylobacter in broiler batches and of
Campylobacter and Salmonella on broiler carcasses in the EU, 2008, Part A: Campylobacter and
Salmonella prevalence estimates. The EFSA Journal 1503, 1-99.

EFSA (2012). Scientific opinion on the public health hazards to be covered by inspection of meat from
poultry. EFSA Journal, 2012, 2741.

EFSA/ECDC (2012). The European Union summary report on trends and sources of zoonoses, zoonotic
agents and food-borne outbreaks in 2010. EFSA Journal, 2012, 2597.

EFSA/ECDC (2013). The European Union summary report on trends and sources of zoonoses, zoonotic
agents and food-borne outbreaks in 2011. EFSA Journal, 2013, 3129.

EFSA/ECDC (2014). The European Union summary report on trends and sources of zoonoses, zoonotic
agents and food-borne outbreaks in 2012. EFSA Journal, 2014, 3547.

FAO (2004). Good practices for the meat industry. FAO animal production and health manual 2, 1-308.

FAO/WHO (2006). Food Safety risk analysis — A guide for national food safety authorities. FAO food and
nutrition paper 87. Rome, Italy.

Havelaar A.H., Ivarsson S., Loéfdahl M. and Nauta M.J. (2012). Estimating the true incidence of
campylobacteriosis and salmonellosis in the EU, 2005-2009. Epidemiology & Infection 141, 293-302.

Nordic Council of Ministers (2006). Risk-based Meat Inspection in a Nordic Context. TemaNord 585, 1-159.

Norrung, B., Andersen, J. K., & Buncic, S. (2009). Main Concerns of Pathogenic Microorganisms in Meat. In:
Toldra, F. (Ed). Safety of Meat and Processed Meat (pp. 3-29). New York: Springer.

Norrung B., Buncic S. (2008). Microbial safety of meat in the European Union. Meat Science, 78, 14-24.

Poppe C. (2000). Salmonella Infections in the Domestic Fowl. In Wray C. and Wray A.: Salmonella in
Domestic Animals. CABI Publishing, Wallingford, UK, pp. 107-132.

110



Il International Congress “Food Technology, Quality and Safety”

DEVELOPMENT OF NEW FUNCTIONAL COOKED SAUSAGES BY ADDITION OF
ROSE PETAL EXTRACT

Dessislav Balev ', Dessislava Vlahova-Vangelova !, Stefan Dragoev ™*, Kiril Mihalev ?,
Toni Doncheva *
'Department of Meat and Fish Technology, Technological Faculty, University of Food Technologies,
Plovdiv, Bulgaria
’Department of Food Preservation and Refrigeration Technology, Technological Faculty, University of
Food Technology, Plovdiv, Bulgaria
® Rettenmaier Austria GMBH& CO.KG, Wien 1230, Gesslgasse 7/1

*Corresponding author:
E-mail address: logos2000lt@gmail.com?2

ABSTRACT

An identification of the technological capabilities to develop new functional cooked sausages with %2
reduced content of nitrite, enriched with rose petal extract (Rosa damascena Mill) was studied. The
experiments were conducted with samples containing 0.01, 0.03, and 0.05 g/kg sodium nitrite, and
0.1, 0.3, 0.5 g/kg rose petal extract. The control samples were produced with 0.05 or 0.10 g/kg of
sodium nitrite. The samples were analyzed 1* day after manufacturing and on 6" day of storage at O -
4°C. It was found that the addition of 0.03% or 0.05% rose petal extract in the most significant extent
contributes to preservation of the sensory properties of studied sausages with half nitrite content. The
combination of 0.03 % or 0.05 % rose petal extract most preferably preserves the color characteristics
of the sausages, but addition of 0.05% rose petal extract with reducing the nitrite content to 10% was
not found so effective. The conclusion was made that the rose petal extract can be used as additive
for development new functional meat products with halfway reduced amounts of nitrites. Future
experiments are needed for optimization the sausage formulation.

Keywords: Functional sausages, rose petal extract, color, reduced nitrite content

INTRODUCTION

In wealthier societies, consumers attach increasing importance to all aspects that can
contribute to improved quality of life (Jiménez-Colmenero et al, 2001). Meat plays a very
important role in the diet by contributing quality protein, essential minerals and trace
elements (Buckley et al., 1995). In the last years red meat is associated as cancer-promoting
food (Michaud et al, 2001) obesity and cardiovascular diseases (Toldra and Reig, 2011). Due
to increasing concerns for health, efforts have been made by food industries in many
countries to develop new foods with tertiary functions.

Natural herbs as Rosemary extracts (Coronado et al. 2002), green tea extract, thymbra
spicata oil (Bozkurt 2006), rutin (Balev et al. 2005), lycopene from tomato peel (Calvo et al.
2008) pumpkin powder, dried goji berry fruits and pumpkin polder (Serikaisai et al., 2014)
were added to sausages and salami as functional ingredients.

Rose petal extract, as by-product of rose oil (Rosa damascena Mill) processing is disposal
problem for the food industry, but on the other hand is promising source of polyphenols
(Kammerer et al., 2005) with antioxidant (Wang et al., 2006) and antibacterial activity (Ozkan
et al., 2004). Moreover, strategies for the exploitation of polyphenol-rich extracts as
functional (Larrosa et al., 2002) or technological (lvanov et al., 2009) food additives have
been proposed.

In the available literature did not have any reports of application of rose petal extracts in meat
products.

Therefore purpose of this study was to identify the technological capabilities for developing
new functional cooked sausages with %% nitrites, by enrichment with rose petal extracts.

111


http://www.ncbi.nlm.nih.gov/pubmed?term=Coronado%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=22061414
http://www.ncbi.nlm.nih.gov/pubmed?term=Bozkurt%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22062482

Il International Congress “Food Technology, Quality and Safety”

MATERIAL AND METHODS

Meat raw materials

The chilled to 0 — 4°C beef topside (pH 6.60) and pork chest (pH 6.55) were used in this
experiment. The beef and pork meat were supplied by the company Kartevi brother’s Ltd,
village Benkovski, district Plovdiv, Bulgaria.

Other ingredients and additives

The sodium chloride (salt), sodium tripolyphosphates (STPP), sodium nitrite (E250) were
bought from the local market.

The rose petal extract (Rosa damascena Mill) was produced in the Department of Food
Preservation and Refrigeration Technology, Technological Faculty, University of Food
Technology, Plovdiv, Bulgaria.

Sample preparation

Sausages were manufactured according to the requirements of cooked meat product
appropriate for EU (Table 1). The filling mass was prepared by cutter adding the phosphates,
flake ice, NaNO2. The prepared filling mass was separated of seven equal portions and was
filled in moisture and gases no-permeable five-layer polymer casings. The sausages were
cooked to an internal temperature of 72°C and chilled in cold water. First half of the samples
was immediacy studded (1d), and the second half was stored 6 day at 0 - 4°C (6d). The
samples were obtained according 1SO 3100-1:1991.

Table 1. Formulation of different samples functional cooked sausages

Ingredients, g/kg Samples

C C% RPE1 | RPE2 | RPE3 RPE4 RPE5

Beef topside, g/kg 500 500 500 500 500 500 500
Pork chest, g/kg 500 200 200 200 200 200 200

Sodium chloride, g/kg 20 20 20 20 20 20 20
Sodium nitrite, g/kg 0,10 0,05 0,01 0,01 0,05 0,05 0,03
Rose petal extract (%) - - 0,01 0,05 0,01 0,05 0,03

Sodium polyphosphates, 2 2 2 2 2 2 2
a/kg
Flake ice, g/kg 200 200 200 200 200 200 200
pH value

pH value of the sausage samples was determined by pH-meter MS 2004, equipped by pH
combination recorder S 450 CD (Sensorex pH Electrode Station, USA) (Young et al. 2004).
Sensory analysis

The sensory characteristics of the samples were determined after opening the packages. A
panel consisting of five members with proven tasting abilities (Meilgaard et al. 1999) was
used. The samples were scored using 1 to 5 scales.

Color properties establishment

Colorimeter Konica Minolta model CR-410 (Konica Minolta Holding, USA), purchased by
Sending, Inc. (Tokyo, Japan) was used to evaluate the CIE L*, a*, b* color properties of
sausages (Hunt et al. 2012) on 1st and 6th day of storage at O - 4°C. On the 6th day of
storage the changes of the color properties of sausage surface cross-sectional views were
captured in dynamics during the 60 min of air exposure.
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RESULTS AND DISCUSSION

pH value

At the first day (0 - 4°C) the lowest pH (p < 0.05) was established in samples with 0.05 %
and 0.03% rose petal extract addition (RPE,,RPE4,RPEs,RPE3) and in control sample with
100% nitrite content (Table 2). A comparison of pH values of samples on 6d of storage
shows that in five of examined samples the changes was minimal — between 6.35-6.37.

Table 2. Changes in pH values of the studied sausages

pH
1d 6d
C 6,3+0,01° 6,360,01 °
C 6,330,012 6,37+0,01°"
RPE; 6,32+0,01 2 6,360,01°"
RPE, 6,29+0,01 2 6,33+0,01°"
RPE, 6,31+0,01° 6,35+0,01"
RPE, 6,3+0,01° 6,35+0,01"
RPE; 6,3+0,01 2 6,360,01°"

2P Means + SD, in the same row with different superscripts are statistical different (p < 0.05)

Sensory evaluations

After 6 d of storage (0-4°C) the sensory scores for flavour was classified as follows RPE; >
RPEs > RPE ,> C> RPE,> RPE;> C% (Fig. 1).

The most attracted odour was found in samples RPEs followed by RPE,, C and RPE;, RPE;
RPE, where the sensory scores for odour was not statistically different (p>0.05). The lowest
score for odour was awarded to control sample with half reduced nitrite content without
addition of rose petal extract.

The results obtained for the color of sausage surface cross-sectional view ranked the first
and second place for samples RPE; and RPE;. Again, the color of sausage surface cross-
sectional view of the samples C% was rated the lowest (Fig. 1).

Those results allow us to conclude that addition of 0.05% or 0.03% rose petal extract in the
most significant extend contribute to the preservation of the bright red color, fresh smell and
taste of the functional cooked sausages.

Changes of the color characteristics

The higher decrease in color brightness (L*) during studied period (six days of storage, O-
4°C) (Table 3) was found in control sample with half reduced nitrite content (p<0.05).
Compared to samples C and Cy,, on the six day of storage the L* value in samples with rose
petal extract remain more stable.

This means that the addition of rose petal extract to 0.05% may kept the L* value of the
cross-sectional surface view of the functional sausages produced with a half reduced sodium
nitrite concentration.

On the 1d closest close to the control samples C was a* values of samples RPE; while on
the 6d - a* values of samples RPE, (Table 3). Compared to the control samples C and C%,
the a* value remained stable during the all storage period (six days, 0-4°C) in samples RPE,
and RPEs with 0.05% and 0.03% rose petal extract addition. Those results confirming that
the addition of 0.05% RPE in sausages with half nitrite content and 0.03% RPE in sausages
with 1/3 reduced nitrite content relatively well stored red component of the color of the cross-
sectional surface view of the studied functional sausages, compared to the other samples.
During the storage period different trends in yellow color component was found (Table 3). For
five of samples (C%,, RPE,, RPE,, RPE3;, RPE,4, RPEs) the b* values decreases and a little
increase only in control sample with 100% nitrite content was established (p>0.05).
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Dynamics of the changes of color characteristics of the cross-sectional surface view
of the sausages during of 60 min exposure on the air

The L* values of samples C was stabled and not statistically significantly (p > 0.05) different
throughout the entire studied period of 60 minutes.

colour of the sausage sutface
cross-sectional view

Figure 1. Sensory evaluations of the sausage color surface sectional view, flavour, and odor

Table 3. Changes of the color characteristics (L*, a*, b*) of the sausage cut surface

Color characteristics Samples Storage time at 0-4°C
1d 6d

L* C 60,41+0,12 ° 59,69+0,18"
CY 61,35+0,22 ° 59,08+0,23"
RPE; 59,28+0,21 ° 58,49+0,12 °
RPE, 58,67+0,18 ° 58,65+0,18 °
RPE; 58,07+0,2 % 59,37+0,15°
RPE, 59,23+0,16 ° 58,79+0,12 °

RPEs 59,06+0,13 ° 58,59+,17 °

a* C 18,5+0,14 % 19,640,15°
Cl 14,73+0,18 ° 15,53+0,19 °
RPE; 13,65+0,13° 13,37+0,16 °
RPE, 14,03+0,09 ® 13,67+0,23 "
RPE; 15,03+0,22 ¢ 13,06+0,18 °
RPE, 14,87+0,18 ° 14,36+0,37 *
RPEs 14,51+0,27 ° 13,95+0,28 *
b* C 9,87+0,15° 10,08+0,15 *
Cl 11,44+0,17 ° 8,79+0,25°

RPE; 8,93+0,12° 8,18+0,16 "

RPE, 9,38+0,22 % 9,02+0,3°

RPE; 8,45+0,3 % 7,15+0,28 "

RPE, 8,91+0,17 % 8,58+0,4 %

RPEs 8,77+0,4° 8,73+0,32 ¢

2P Means + SD, in the same row with different superscripts are statistical different (p < 0.05)
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Figure 3. Dynamics of the changes in the red component of the color (a* value) of sausage surface

sectional views during the 60 minutes air exposure after 6 days storage at 0 - 4°C
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Figure 4. Dynamics of the changes in the yellow component of the color (b* value) of sausage surface

sectional views during the 60 minutes air exposure after 6 days storage at 0 - 4°C

After 60 min of air exposure closest to control samples C was the color brightness (L*) of the
samples RPE,. The L* value decrease was observed for samples C% and RPE;- after 20
min, RPE; RPE, RPEs - after 30 min on air exposure (Fig. 2). For all studied period of 60
minutes a little decrease with only 0.96% was established in samples RPE;.

The a* values of all examined samples decreased statistically significantly (p < 0.05)
throughout the entire period of 60 minutes (Fig. 3). The decrease of a* values (p < 0.05) was
observed for samples sample C, C¥2 and RPE; - after 10 min, for the samples RPE,, RPE,,
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RPE; - after 20 min, while for rest sample RPE; - after 30 min of exposure on the air. After 60
min the minimal decrease was observed in a* value at samples RPE3z, and RPEs.

The b* values of all examined samples were increased statistically significantly (p < 0.05)
throughout the entire period of 60 minutes (Fig. 4). After 60 min of air exposure the b*value in
samples with rose petal extract addition were more stable compared to the control samples.
The results of the influence of the studied additives and their concentrations on the color
characteristics indicate that rose petal extract had the positive effect and preserved the color
characteristics of the sausages with half nitrite content.

CONCLUSIONS

The enrichment of cooked sausages with halfway reduced amounts of nitrites with rose petal
extract (Rosa Damascena Mill) can be used as a technological capability to develop new
functional meat products. The results indicate that the application of 0.03 or 0.05 % rose
petal extract (Rosa Damascena Mill) can guarantee good sensory quality and preservation of
color characteristic of new functional sausages. The addition of 0.05% rose petal extract with
reducing the nitrite content to 10% was not found so effectively.
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ABSTRACT

The content of phosphorus was investigated in M. longissimus dorsi and M. semimembranosus for five
purebred pigs (Large White — LW, n = 8; Landrace — L, n = 7; Duroc — D, n = 6; Hampshire — H, n = 7;
Pietrain — P, n = 7), produced in Vojvodina, northern Serbia. Phosphorus was determined by standard
spectrophotometric method. The difference in the phosphorus content among the five purebred pigs
was not significant in the analysed longissimus dorsi (P=0.775) and semimembranosus (P=0.108)
muscles. Also, muscle had no significant effect on the phosphorus content (P=0.162). The order of the
purebred pigs regarding phosphorus content in the longissimus dorsi muscle samples (in mg/100g)
was: H (202—-251, on average 227) > L (211-239, on average 223) > LW (201-238, on average 222) >
D (207-236, on average 219) > P (204-239, on average 217). The average phosphorus content in all
investigated longissimus dorsi muscle samples was 222 mg/100g. The order of the purebred pigs
regarding phosphorus content in the semimembranosus muscle samples (in mg/100g) was: L (232—
243, on average 238) > LW (202-248, on average 227) > H (211-236, on average 226) > D (212-243,
on average 225) > P (204-239, on average 217). The average phosphorus content in all investigated
semimembranosus muscle samples was 227 mg/100g. The Vojvodian pig meat showed similar
phosphorus content compared with the values found in other countries.

These results are part of the project No 114-451-1016/2014, which is financially supported by the
Provincial Secretariat for Science and Technological Development, Autonomous Province of
Vojvodina, Republic of Serbia.

Keywords: pigs, M. longissimus dorsi, M. semimembranosus, phosphorus

INTRODUCTION

Meat quality is the sum of all sensoric, nutritive, hygienic-toxicological and technological
factors of meat. The nutritive factors of meat quality include proteins and their composition,
fats and their composition, vitamins, minerals, utilisation, digestibility and biological value
(Olsson and Pickova, 2005; Honikel, 1999; Hofmann, 1990). Red meat (beef, veal, pork and
lamb) contains high biological value protein and important micronutrients, including iron, zinc
and vitamin B12, all of which are essential for good health throughout life (McAfee et al.,
2010; Lombardi-Boccia et al., 2005; Williamson et al., 2005; Higgs, 2000). The nutrient levels
in foods are variable. The major sources of variability in nutrient composition are the wide
diversity of soil and climatic conditions (geographical origin), seasonal variations,
physiological state and maturity, as well as cultivar and breed (Greenfield and Southgate,
2003). The continuous innovations in the breeding systems, rearing practices, feeds
composition, changes in slaughtering methods and ageing, largely contribute to induced
changes in the concentration of some micronutrients (Greenfield et al., 2009; Lombardi-
Boccia et al., 2005). According to Hermida et al. (2006), the average macro-minerals and
trace elements concentrations in tissues depend, in part, on the type of cuts, the age of the
animals, and various other factors, which are often not reported. Greenfield and Southgate
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(2003) concluded that the major sources of variation in animal products are the proportion of
lean to fat tissue, and the proportion of edible to inedible materials (bone and gristle).
Variations in the lean-fat ratio affect the levels of most other nutrients, which are distributed
differently in the two fractions.

Phosphorus is widely found in many food groups, largely as phosphate(s). Dietary sources
that are rich in phosphorus include red meats (1600 mg/kg), dairy products (>900 mg/kg),
fish (4000 mg/kg), poultry (2100 mg/kg) and bread and other cereal products (>900 mg/kg).
A number of phosphate salts are used in foods and soft drinks as additives. Phosphorus is
also used in food supplements (at levels up to a daily dose of 1100 mg/day) and licensed
medicines, in the form of inorganic phosphate salts and sodium acid phosphate, respectively
(EVM, 2003). Phosphorus requirements are conventionally set as equal to calcium in mass
terms, i.e. 1 mg phosphorus: 1 mg calcium (COMA, 1991). According to FDA (2009), the
Recommended Dietary Allowance (RDA) for phosphorus is 1000 mg for adults and children
four or more years of age.

Phosphorus is abundant in the body with largest amounts found in bone. It is also found in all
soft tissues including muscle, liver, heart and kidneys (EVM, 2003). Phosphorus is a
constituent of all major classes of biochemical compounds. Structurally, phosphorus occurs
as phospholipids, which are a major constituent of most biological membranes, and as
nucleotides and nucleic acids. Phosphorus plays an important role in carbohydrate, fat and
protein metabolism and is essential for optimum bone health. The energy that is required for
most metabolic processes is derived from the phosphate bonds of adenosine triphosphate
and other high energy phosphate compounds (EVM, 2003).

Pig meat is the most widely consumed meat in the EU (Williamson et al., 2005), as well as in
Serbia, and the consumption has been steadily increasing. The Autonomous Province of
Vojvodina (the northern part of the Republic of Serbia) is a region where the number of
animals of the porcine species and the production of pork meat are of high economic
importance. Over 30 percent of the total number of pigs slaughtered annually in Serbia
comes from Vojvodina. Five purebred pigs (Large White, Landrace, Duroc, Hampshire and
Pietrain) and their crosses are used for commercial pork production. In (cross) breeding
programme Large White and Landrace are used as female lines and Duroc, Hampshire and
Pietrain are used as male lines.

The aim of this study was to investigate the phosphorus levels of M. longissimus dorsi and
M. semimembranosus of five pig purebreds used nowadays in Vojvodina for pork production,
and to determine the possible effects of breed or muscle on phosphorus levels.

The overall objective is to produce high quality pork to ensure the competitiveness of
Vojvodian pork in the international meat markets, and to update and improve regularly
nutrient compositional data of meat.

MATERIAL AND METHODS

In this study five purebred pigs (castrates males and females) were used: Large White (LW),
n = 6; Landrace (L), n = 6; Duroc (D), n = 6; Hampshire (H), n = 6; and Pietrain (P), n = 6.
The pigs were fattened at the production farms in the northern part of the Republic of Serbia
(Autonomous Province of Vojvodina). The pig fattening involved the following phases:
starting period (from 15 to 25 kg), growing period (from 25 to 60 kg) and finishing period
(from 60 to 110 kg). The diets were based on locally produced corn and soybean meals, and
were formulated to meet the nutrient requirements (National Research Council, 1998) for the
different growth phases. The finishers were housed in pens with fully slatted floor and 0.80
m? space allocation per pig. Each pen contained 10 animals. The environmental temperature
in the building was 22°C. All pigs had ad libitum access to a diet and water.

The pigs were randomly selected at an individual live weight between 95 and 110 kg, and
were about 6 months old. One pig from each purebred was taken at every six mounts from
the same farm. The pigs were slaughtered in the two biggest Vojvodian slaughterhouses
according to routine procedure. Carcasses were conventionally chilled for 24 h in a chiller at
2-4°C. After chilling, M. longissimus dorsi (LD) and M. semimembranosus (SM) were
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removed from the right hind leg of each carcass. LD and SM muscles were taken from the
same animal. The meat samples were trimmed of visible adipose and connective tissue. The
samples for chemical analysis (approximately 250 g) taken after the homogenisation of the
LD and SM muscle, were vacuum packaged in polyethylene bags and stored at —40°C until
analysis.

Analytical methods and quality control

The total phosphorous (P) content was determined by a colorimetric method after dry ashing
mineralization of samples, according to ISO method (ISO 13730, 1996).

The analysis of the certified reference material (SMRD 2000 — Matrix meat reference
material, National Food Administration, Uppsala, Sweden) was used for analytical quality
control programme. The results of the analytical quality control programme are presented in
Table 1. All analyses were performed in duplicate.

Table 1. The results of the analytical quality control programme (n = 8) used in the determination of
the phosphorus in M. longissimus dorsi and M. Semimembranosus

Element P
Certified concentration (mg/kg) 1080+110
Recovery (%) 98.1

Statistical analysis

All data are presented as average, standard deviation (SD) and range (Min, Max).
Independent t-test and analysis of variance (one-way ANOVA) were used to test the
hypothesis about differences between two or more average values. The software package
STATISTICA (2012) was used for analysis.

RESULTS AND DISCUSSION

Average concentrations, standard deviations and ranges of phosphorus in the M.
longissiumus dorsi and M. semimembranosus tissue samples from five different purebred
pigs are presented in Table 2. The order of the purebred pigs according to average
phosphorus content in the M. longissiumus dorsi samples in mg/100g was: H (202-251, on
average 227) > L (211-239, on average 223) > LW (201-238, on average 222) > D (207-
236, on average 219) > P (204-239, on average 217). Phosphorus levels found in the
present study did not differ significantly (P = 0.775) among M. longissiumus dorsi for the
different purebred pigs. The average phosphorus content in all investigated longissimus dorsi
muscle samples was 222 mg/100g.

Table 2. Phosphorus levels (mg/100g wet weight) in the M. longissiumusdorsi and M.
semimembranosus of various purebred pigs from Vojvodina

Muscle Purebred LW L D H P P value® All animals

X 222 223 219 227 217 0.775 222

LD S_d 14 10 10 19 15 14
Min 201 211 207 202 204 201

Max 238 239 236 251 239 251

X 227 238 225 226 217 0.108 227

SM Sd 17 5 13 9 12 13
Min 202 232 212 211 204 202

Max 248 243 243 236 239 248

P value® 0.569 0.011 0.457 0.910 0.968 0.162

‘indicates significant of difference between purebred within raw
“indicates significant of difference between LD and SM within column

119



Il International Congress “Food Technology, Quality and Safety”

The order of the purebred pigs according to average phosphorus content in the M.
semimembranosus samples in mg/100g was: L (232—-243, on average 238) > LW (202-248,
on average 227) > H (211-236, on average 226) > D (212-243, on average 225) > P (204—
239, on average 217). Phosphorus levels found in the present study did not differ
significantly (P = 0.108) among M. semimembranosus for the different purebred pigs. The
average phosphorus content in all investigated semimembranosus muscle samples was 227
mg/100g. Muscles had no significant effect on the phosphorus content (P = 0.162).

The average phosphorus contents in the M. longissimus dorsi and M. semimembranosus
found in this study were at the same level compared to the data presented in the food
composition tables of other countries (loin: 217 mg/100g; LD: 195 mg/100g and SM: 175
mg/100g, Denmark — National Food Institute, 2009; ham: 233 mg/100g, Italy — INRAN, 2007;
loin: 210 mg/100g and ham: 210 mg/100g, Norway — The Norwegian Food Safety Authority,
2006; loin: 211 mg/100g and ham: 229 mg/100g, USA — Romans et al., 1994, The US
Department of Agriculture’s, 2009). Additionally, the average phosphorus contents in the M.
longissimus dorsi and M. semimembranosus found in this study were slightly higher
compared to the data presented in the food composition tables of Finland (loin: 180 mg/100g;
ham: 160 mg/100g) (Finland — National Institute for Health and Welfare, 2009).

Table 3. Contribution of M. longissimus dorsi and M. semimembranosusto RDA* for phosphorus in
human nutrition (adult and children four or more years of age**; values for the consumption of one
serving of 100 g of meat)

Muscle LD SM
Average 22.2 22.7
% RDA (1000 mg/day) Min 20.1 20.2
Max 25.1 24.8

* RDA —Recommended Dietary Allowance
** Daily values based on a caloric intake of 2.000 calories (FDA, 2009)

According to obtained results (Table 3), the phosphorus content in 100 g of M. longissimus
dorsi and M. semimembranosus of pigs produced in Vojvodina contributes minimally 20.1%
(up to 25.1%) of the RDA value.

CONCLUSIONS

The results of the present study show that the levels of phosphorus in the M.
longissimus dorsi and M. semimembranosus were not influenced by purebred or
muscle. The Vojvodian pig meat showed similar P content compared with the values
found in other countries.
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ABSTRACT

In this study the colour, textural and sensory attributes of Petrovska klobasa, Serbian dry-fermented
sausages with protected designation of origin at national level, dried in traditional and industrial
conditions, were analysed at the end of drying process. Petrovska klobasa sausages were made from
meat and back fat of Landrace pigs (9-12 months old animals of live weight above 130 kg) with
addition of spices (red hot paprika powder, raw garlic paste, caraway), salt and sugar. Sausages were
produced in the household, manually stuffed in collagen casings (500 mm long and 55 mm in
diameter) and divided in two batches: sample BT - drying process took place in the household, in
naturally ventilated storeroom and sample Bl - drying process took place in industrial chamber, under
controlled conditions.

Quality of meat used for sausage processing was determined by criteria for pH, water holding capacity
(WHC) and colour (CIE L*) 24h post mortem. The colour measurements (CIE L*, a*, b*, h, C*, R, Bi) of
sausages were carried out on the fresh cut slices. TPA test was performed for evaluation of texture
attributes of sausages. Sensory attributes of sausages (colour, texture and juiciness) were evaluated
by a panel of 10 trained panellist using scale from 0 to 5 (0 — atypical, 5 - optimal).

According to analysed parameters and quality criteria pork used for sausage production have red, firm
and non-exudative (RFN) quality. At the end of drying process BT sausages had significantly (P<0.05)
lower L*, a*, b*, h, C* and Bi values, and significantly higher R value. Values for textural attributes of
sausages (hardness, springiness, cohesiveness and chewiness) were significantly (P<0.05) higher for
sausages BT. Also, scores for sensory evaluation of colour and texture were significantly (P<0.05)
higher for BT sausages, comparing to Bl sausages.

Keywords: fermented sausage, meat quality, colour, texture, sensory quality

INTRODUCTION

Although many fermented sausages are commonly produced in industrial plants, there are
still regions in Europe where these products are obtained through traditional technologies
(Casaburi et al., 2007). Petrovsk&a klobasa is traditional dry fermented sausage from the
north of Serbia (City of Backi Petrovac in the Autonomous Province of Vojvodina) with
protected designation of origin at national level. Petrovska klobasa is usually manufactured
traditionally, according to original recipe of the ancestors. As many other traditional dry
fermented sausages it is produced without added starter culture (Petrovic¢ et al.,2007; Tasic¢
et al., 2012; lkoni¢ et al., 2013).The required microorganisms originate from the meat itself or
from the environment, and constitute a part of the so-called “house-flora” (Casaburi et al.,
2007). Sausages are only produced during winter, at low atmospheric temperatures,
undergoing a more or less prolonged process of drying-ripening before consumption.
Petrovska klobésa is produced from pork meat and pork back fat, with addition of specific
spices like red hot paprika powder, garlic and caraway, and with addition of salt and sugar.
At the end of ripening Petrovska klobasa is characterised by specific savoury taste, aromatic
and spicy flavour, dark red colour and hard consistency (Petrovi¢ et al.,2007; Tasi¢ et al.,
2012; lkonic¢ et al., 2013). Meat and back fat used for sausage production are from Landrace
pigs, animals from prolonged fattening, which are from 9 to 12 months old and more than
130 kg of live weight (Petrovi¢ et al., 2007). The sensorial quality of dry sausages depends
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on raw material characteristics and on technological parameters and is determined by the
formation of end products, originating from the breakdown of proteins, lipids and
carbohydrates (Spaziani et al., 2009). The technological quality attributes of meat include its
pH value, color, texture, water-holding capacity (WHC), and chemical composition
(Rosenvold and Andersen, 2003; Olsson and Pickova, 2005). Fresh pork has been
traditionally classified into three technological quality categories according to measurements
of pH value, color, firmness (texture) and drip loss (exudation): PSE (pale, soft, exudative),
RFN (reddish-pink, firm, non-exudative or normal pork) and DFD (dark, firm, dry). Beside
these three traditional categories, during the last two decades many authors introduced two
additional intermediate quality variations lying between them: RSE (reddish-pink, soft,
exudative) and PFN (pale, firm, non-exudative) (Dzini¢, 2005; Tomovi¢ et al., 2008;
Faucitano et al.,, 2010; Van de Perre et al., 2010). Colour is probably the most influential
characteristic of meat products, and its modifications with respect to the original meat
product directly affect the quality and acceptability of the product. Off coloured food is likely
to be rejected even though it may have good flavour and texture. The addition of paprika
confers redness to sausages because of its high content of carotenoid pigments, it also
contributes to characteristic flavour and taste, which differentiates such products from others
(Bozkurt and Bayram, 2006; Gomez et al., 2008). Beside colour, texture as a multi-parameter
attribute, is one of the most important components of meat products quality. Many factors
affect final texture of fermented sausages, including ingredients used, processing
parameters, acidification method, drying/ripening conditions, as well as interactions among
these factors over an extended period of time (Gonazales-Fernandez et al., 2006; Barbut,
2007).

In order to meet market demands and produce larger quantities of Petrovska klobasa with
standard quality, and due to long processing time and dependence on natural climatic
conditions, manufacturers are looking for some modifications in the traditional method like
production of this fermented sausage in controlled, industrial conditions.

Thus, the objective of this study was to determine the raw meat quality, used for sausage
production, and to determine instrumental and validate sensory characteristics of the colour
and textural for Petrovska klobasa dried in traditional manner (household) and in industrial
chamber (controlled conditions) at the end of drying process.

MATERIAL AND METHODS

For sausages production lean pork and back fat were obtained from Landrace pigs. The
animals were farmed in standard production system, with prolonged fattening period (9-12
months; live weight above 130 kg). Technological quality parameters were measured 24
hours post mortem. The pH value was measured using the portable pH meter (Consort T651,
Turnhout, Belgium) equipped with an insertion glass combination electrode (Mettler Toledo
Greifensee, Switzerland). According to pH,4, the potential (24h post-mortem) pork quality
was classified as normal (pH<6.2) and DFD (pH=6.2) (Dzini¢, 2005). Eight replicate
measures of meat surface colour were performed on each sample, after 60 min of blooming
at 3°C. The CIE L* (lightness), CIE a* (redness) and CIE b* (yellowness) colour coordinates
(CIE, 1976) were determined using MINOLTA Chroma Meter CR-400 (Minolta Co., Ltd.,
Osaka, Japan) using D-65 lighting, a 2° standard observer angle and a 8-mm aperture in the
measuring head. The colour quality was determined according to criteria for pork (pale
colour: CIE L*>50; reddish-pink colour: CIE L*<50; dark colour: CIE L*<43) (Dzini¢, 2005,
Tomovi¢ et al., 2008). Determination of the water-holding capacity (WHC) was assessed
using a filter paper press method (Grau and Hamm, 1953).The WHC was expressed as
percent of bounded water and WHC quality was determined according to criteria for pork
(exudative meat: <0.50; non-exudative meat: >50; dry meat: >0.50) (Dzini¢, 2005).

Dry fermented sausages Petrovska klobasa were manufactured in traditional way in rural
household. All sausages were produced from a mixture of lean minced pork (80%) and pig
fat (20%). The other added ingredients were: red hot paprika powder (2.5%), salt (1.8%), raw
garlic paste (0.2%), caraway (0.2%) and sugar (0.1%). After grinding the meat and the fat to
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a size of about 10 mm, spices were added and raw materials were manually mixed. The
mixture was immediately manually stuffed in collagen casings, in units approximately 500
mm long and 55 mm in diameter. The sausages were stored in a cold room (0—4 °C) for 24 h,
and after a resting day, were divided in two groups: BT — sausages were cold smoked in a
traditional way and with specific kinds of wood during 10 days (with pauses), drying and
ripening were under atmospheric conditions in naturally ventilated storerooms; Bl — sausages
were cold smoked, drying and ripening were under controlled (industrial chamber) conditions
of temperature, relative humidity and air velocity. The production of sausages started in the
end of November, when atmospheric temperatures were around 0°C or lower.

Moisture content, pH value, colour and texture instrumental measurements, and sensory
analysis (colour and texture) were carried out at the end of drying process. Drying process is
considered to be finished when moisture content is approximately 35%.

Moisture content was quantified according to the I1SO recommended standard (ISO
1442:1997). pH value was determined using the portable pH meter, same as for pH
measurements in meat.

Colour measurements were performed on the fresh cut of the sausage at room temperature
using the same MINOLTA Chroma Meter and instruction as for measuring meat colour
characteristics. Sausage colour characteristics were expressed by CIE L*a*b* system
(lightness - L*, redness and greenness - a*; yellowness and blueness - b*). Hue angle (h),
chroma (C*), ratio of redness over yellowness (R) and browning index (Bi) were calculated
using CIE L*a*b*values (Bozkurt and Bayram, 2006; Ergunes and Tarhan, 2006):

h= tanl(b—j
a*

Bi— (100 — (x—0.31)) ‘o (@ -1.75L")
0.17 (5.645L" +a" —3.012b"

Texture profile analysis (TPA) was performed as described by Bourne (1978) with a universal
testing machine Texture Analyser TA XP (Stable Micro System, Godalming, England). The
samples (six cylinders) 2 cm high and 2.54 cm (1 inch) in diameter, taken from the centre of
sausage, were equilibrated to room temperature and compressed twice to 50% of their
original height at a constant speed of 1 mm/s. The following parameters from the force—time
curves were determined: hardness, springiness, cohesiveness and chewiness. Sensory
analysis (colour and texture) was conducted by a group of 10 experienced evaluators of
different ages according to point system of analytical descriptive test using scale from 0 to 5
(5-optimal; O-atypical product). All data are presented as mean values. Analysis of variance
(Duncan test) was used to test the hypothesis about differences between obtained results.
The software package STATISTICA 12.0 was used for analysis.

RESULTS AND DISCUSSION

Results of meat quality measurements are presented in Table 1. The measurement of pH
values is the most direct way to obtained information about meat quality characteristics.
Mean pH,4, values was 5.50, what represents meat of normal quality since pH,4, identifies
pork quality as normal if pH<6.2. Further, mean WHC value was 82.07% representing, in
accordance with meat quality criteria, meat of non-exudative or dry quality. Finally, mean L*
value was lower than 50 (46.40) representing red meat. Combining all the parameters and
criteria for these parameters obtained results showed that meat used for Petrovska klobasa
production was of RFN quality — red, firm and non-exudative.
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Table 1. Technological quality characteristics of meat (24 h post mortem) used for Petrovska klobasa
production

pH WHC L* a* b*
5.50 + 0.06 82.0742.52 | 46.40+0.26 | 12.41+1.51 | 5.53 +1.07

Characteristics of Petrovska klobasa at the end of drying process are presented in Table 2.
Sausages BT were process under atmospherics conditions, which represented conditions of
lower temperature and higher humidity, and had longer processing time. In other to archive
demanded moisture content the drying process in industrial chamber lasted 45 and in the
household (traditional way) 90 days. Differences in moisture content between samples were
significant (P< 0.05), being lower for sausages BT. At the end of drying process pH values of
sausages were 5.47 and 5.34 for the sausages of BT and Bl group respectively, with
significant (P< 0.05) difference between these values.

Results of colour measurements for CIE L*, a*, b*, so as values calculated from L*, a* and b*
values like hue angle, chroma, ratio of redness over yellowness and browning index, of
Petrovska klobasa processed in different conditions, at the end of drying process are
presented in Table 2.

Table 2. Characteristics of Petrovska klobasa at the end of drying process

. Sample

Characteristic BT Y P
pH value 5.47 + 0.02 5.34 £ 0.01 <0.05
Moisture content (%) 33.10+0.10 37.54 + 0.09 <0.05
L* 30.50 £ 1.76 34.21+2.23 <0.05
a* 19.42 + 2.03 24.34 +2.92 <0.05
b* 13.97+2.61 20.58 + 3.50 <0.05
h 35.53+ 4.21 40.09 £ 2.43 <0.05
C* 23.97+2.81 31.89 +4.36 <0.05
R 142 +0.21 1.19+0.10 <0.05
Bi 104.25 + 14.45 138.20 £+ 30.45 <0.05
Hardness (g) 2225.89 + 254.74 1494.02 + 267.45 <0.05
Springiness 0.401 + 0.015 0.358 + 0.025 <0.05
Cohesiveness 0.565 + 0.022 0.524 + 0.013 <0.05
Chewiness (g) 503.55 + 52.49 283.85 + 74.68 <0.05
Sensory evaluation of colour 5.00+ 0.0 4.25+0.27 <0.05
Sensory evaluation of texture 5000 422 +0.19 <0.05

Processing method, i.e. different conditions of drying and ripening, significantly (P< 0.05)
affected all colour characteristics of Petrovska klobasa. BT sausages had significantly lower
L*, a* and b* values (P< 0.05) comparing to sausage BIl. Lower L* value represented
formation of darker colour in the sausages due to the browning reaction (Bozkurt and
Bayram, 2006). The difference in L* values could also be correlated with the difference in
moisture values. With the moisture loss the concentration of myoglobin in product increased,
and on the other hand dehydrated muscle tissue absorbed a greater amount of light what
resulted in a darker colour of the products, i.e. lower L* value (Pérez-Alvarez et al., 1999). In
meat and meat products lightness (L*) seems to be the most informative parameter for colour
changes, but the importance of red (a*) should not be ignored (Gimeno et al., 2000). During
production of dry fermented sausages a* value increases as the result of formation of
nitrosomyoglobin and moisture loss, and then again decreases by partial or total
denaturation of nitrosomyoglobin because of the production of lactic acid (Bozkurt and
Bayram, 2006). Also, it should be noted that probably the greatest influence on the share of
the red colour in Petrovska klobasa sausages had red hot paprika powder addition. During
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processing red colour (a*) of cut surface decreases as a result of oxidation of red hot paprika
powder (Martinez et al., 2007). Also, b* value of analyzed sausages could probably be
related to the presence of yellow carotenoids coming from red hot paprika powder (Gimeno
et al., 2000). Comparing the L* and a* values of both groups of sausages, with values
reported for some other traditional dry fermented sausages L* values were at the same level
as for sucuk Bozkurt and Bayram, 2006), but lower than for chorizo de Pamplona (Gimeno et
al., 2000), while a*values were higher than for sucuk (Bozkurt and Bayram, 2006), and on
the same level as for chorizo de Pamplona (Gimeno et al., 2000). Further, sausages BT were
significantly (P< 0.05) lower in h, C* and Bi value, but significantly (P< 0.05) higher in ratio of
redness over yellowness (R value). Higher value of hue angle indicates the production of an
orange-red colour of sausages. Chroma values is the indicator of color saturation and
intensity, and as reported by Bozkurt and Bayram (2006) decreases during the ripening of
sausages in parallel to the b* values. Finally, colour of BT sausages was sensory evaluated
with maximal score (5), what was significantly (P< 0.05) higher than score for sausages BI
(Table 2).

Texture profiles of Petrovska klobasa (hardness, springiness, cohesiveness and chewiness),
produced in different conditions at the end of drying process are presented in Table 2.
Processing method, i.e. different conditions of drying and ripening, significantly (P< 0.05)
affected all textural characteristics of Petrovskd klobasa. At the end of drying process
hardness of sausage BT was significantly (P< 0.05) higher than for sausage BI. Hardness of
sausages is partly the result of protein coagulation at low pH, and also partly the result of
decreasing moisture content (Bozkurt and Bayram, 2006). Comparing the values of
hardness, recorded for both groups of sausages, with values of hardness reported for some
other traditional dry fermented sausages were lower than for sucuk (Bozkurt and Bayram,
2006) or chorizo de Pamplona (Gimeno et al., 2000), but similar to those of Italian low-acid
(Spaziani et al., 2009) and slow fermented sausage analyzed by Olivares et al. (2010).
Generally, the major changes in fermented sausage structure take place during fermentation
when the pH declines and the myofibrillar proteins aggregate to form a gel (Spaziani et al.,
2009). Significant difference in hardness could be attributed to the differences in pH vales,
and to difference in drying process that is to final moisture values. After fermentation, drying
is a major factor affecting binding and rheological properties of fermented sausages
(Gonzalez-Fernandez et al., 2006; Spaziani et al., 2009). Significant differences in chewiness
values (P< 0.05) between samples could also be connected to difference in moisture content.
Springiness, sometimes referred to as “elasticity” (Yang et al., 2007), was also significantly
affected by the production parameters, being higher (P< 0.05) for BT sausages. In addition to
the springiness, cohesiveness, as a measure of the degree of difficulty in breaking down the
internal structure of the sausage (Yang et al., 2007), was also significantly affected by the
production parameters and higher (P< 0.05) for BT sausage.

Finally, texture of sausages BT was sensory evaluated with maximal score (5), what was
significantly (P< 0.05) higher than score for sausages Bl (4.22) (Table 2).

CONCLUSIONS

The results obtained in this study showed that, as expected, meat of older animals revealed
optimal quality for traditional dry sausage production, than drying process under controlled
conditions of temperature, relative humidity and air velocity, lasted significantly less than in
traditional manner, under atmospheric conditions.

Differences between sausages, processed in different conditions, in instrumental
measurements of colour and texture were significant.

Sausages processed in traditional way had significantly higher scores for sensory evaluation
of colour and texture.
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ABSTRACT

In order to analyze mass transfer kinetics during osmotic treatment, celery leaves (Apium graveolens)
was dehydrated in two different osmotic solutions (sugar beet molasses and the mixed solution of
sodium chloride and sucrose) under atmospheric pressure, at three different temperatures (20°C,
35°C and 50°C). The main objective was to examine the influence of osmotic agents, temperature and
dehydration time on the mass transfer phenomena during osmotic treatment. Response Surface
Methodology (RSM) was used for optimization of osmotic treatment of celery leaves in respect of
temperature, time and type of osmotic solution. The significance of used hypertonic solutions,
temperature and immersion time on the various kinetics parameters: water loss (WL), solid gain (SG)
and dehydration efficiency index (DEI), were tested during the process, using Analysis of variance
(ANOVA). The results showed that the optimum process parameters for osmotic treatment of
celery leaves were: osmotic time of 5 hours, sugar beet molasses as osmotic solution and
temperature of 50°C.

Keywords: osmotic treatment, celery leaves, sugar beet molasses, mass transfer kinetics

INTRODUCTION

Celery is widely recognized as a healthy plant and spice and numerous research studies
have proved that it contains many bioactive compounds. There is now a growing interest in
the celery leaves for their potential healthy benefits, such as lowering cholesterol level, anti-
inflammatory activity, antimicrobial activity and anticancer activity( Han and Row, 2011,
Popovi¢ et al., 2006). Average water content in celery leaves is high (more than 80%), and
its dehydration provides improved physical, mechanical, chemical and microbiological
stability (Jezek et al., 2008). Many traditionally dehydration techniques and their combination
are used to prevent a spoilage of food by reducing a water content, but these methods have
negative effects on nutritive and sensorial properties on the final product (Nistor et al., 2011,
Ratti, 2009). Compared to the other preservation treatments, osmotic treatment (OT), proved
to be one of the most useful, primarily due to the low temperature and energy requirements,
low waste material and good quality of final product. (Ramallo and Mascheroni, 2005). OT
process represents partial removal of water from food (fruit, vegetable, meat), which is
performed by immersing them in various hypertonic solution. (Sablani et al., 2002; Koprivica
et al., 2010). Driving force for water removal is the concentration gradient between the
surrounding hypertonic solution and the immersed plant material. The complex cellular
structure of plant tissue acts as a semi-permeable membrane, which allows two main
countercurrent flows: water outflow from the plant tissue into the osmotic solution whereas
solute transfer from solution into the tissue (Levi¢ et al., 2007, MiSljenovic et al., 2009). The
main aim of OT process is to provide maximum removal of water from the material (WL), with
a simultaneous minimum adoption of dry matter from osmotic solution (SG), in order to
obtain a better quality of treated product. Mass transfer mechanisms during OT are affected
by many factors such as composition and concentration of osmotic agents, immersion time of
the product in the solution, operating temperature, solution to sample ratio, nature and
thickness of food material and pre-treatment (Curéi¢ et al., 2013; Koprivica et al., 2010 ).
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Considerable influence on the kinetics of WL and SG has the type of osmotic agent.
Concentrated sucrose solution, sodium chloride solutions and their combinations are usually
used as hypertonic solution (Misljenovi¢ et al., 2012).

Recent research has shown that use of sugar beet molasses as a hypertonic solution
improves OT processes (Levi¢ et al., 2007). High content of dry matter (around 80%) provide
high osmotic pressure in the molasses and maintains a high transfer potential favorable to
WL during OT and thus enhances the efficiency of this process. On the other hand, specific
chemical composition of molasses enriches chemical and nutritional composition of
dehydrated products.The application of sugar beet molasses as osmotic agent has many
advantages: it is sensory acceptable, always accessible in large quantities and cheap raw
material and could be used as a replacement for sucrose (Filipovi¢ et al, 2012; Curgi¢ et al.,
2013).

The objective in this study was to investigate the influence of temperature, immersion time
and the type of osmotic solution on the efficiency of OT process of celery leaves. To assess
the quality of these products their water loss (WL), solid gain (SG) and dehydration efficiency
index (DEI) have been determined. Experimental results have been subjected to analysis of
variance (ANOVA) to show relations between applied assays. In order to enable more
comprehensive comparison between investigated samples, standard score (SS) has been
introduced.

MATERIAL AND METHODS

Celery leaves (Apium graveolens) for the experiment were purchased on the local market,
shortly before their use. Prior to the treatment, celery leaves were cut into small squares
of dimension approximately 1x1 cm. Initial moisture content of celery leaves was 80.92%.
As hypertonic solutions two different solutions were used. The first one, concentrated
sugar beet molasses, with initial dry matter content of 80.00%, was obtained from the
sugar factory Pecinci, Serbia. The second osmotic medium was ternary solution,
prepared by mixing commercial sugar (in the quantity of 1.200 g/kg water) and NaCl (in
the quantity of 350 g/kg water) with distilled water. The material to solution ratio of 1:20
(w/w) was used during all experiments. After measuring the initial mass, the samples of
celery leaves were submerged in laboratory jars and the immersion lasted for 1, 3 and 5
hours, under atmospheric pressure. The OT process was performed at the three different
temperatures, 20°C, 35°C and 50°C. Samples were withdrawn from the osmotic solution at
determined intervals of time, then lightly washed with water and gently absorbed with paper
towels to remove excessive water from the surface. The next step was to measure the mass
of the dehydrated samples. After that, dry matter content of all samples was determined
by drying in a heat chamber at 105°C for 24h (Instrumentaria Sutjeska, Croatia) until
constant weight. All analytical measurements were carried out in accordance to AOAC
(2000). In order to follow the mass transfer kinetics of the OT, three key process variables
were measured: moisture content, change in weight and change in the soluble solids. Based
on the experimental data, water loss (WL), and solid gain (SG), were calculated, as
described by Misljenovi¢ et al., 2009.

Important process parameters as a function of different type of osmotic solution and
dehydration time were analyzed using the ANOVA. During ANOVA calculation, the
independent variables were: immersion time (X;) - 1, 3 and 5h; temperature (X;) - 20°C,
35°C and 50°C and the type of osmotic solution (X3) - sugar beet molasses (1) and ternary
solution (2), and the dependent variables were the responses: WL (Y;) and SG (Y;). Two
mathematical models of the following form were developed to relate two responses (Y) to
two process variables (X):

2 2
Yy :ﬂko+2ﬁkixi +Zﬁkiixi2+ﬂkllex2’ k=1-2, 1)
i=1 i=1
where: Byo, B, Bxii Br1z @re constant regression coefficients, k-index.
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Min-max normalization is a technique which is commonly applied for comparison of various
characteristics of complex samples determined using multiple assays, where samples are
classified on the basis of the ratio of raw data and extreme values of the measurement used.
Considering that the scale of the data from various parameters concerning mass transfer
(WL and SG) are different, the data in each data set should be transformed into normalized
scores, in accordance with the following equations:

max X; — X;
ii =l_ I N H v' ’ (2)’
max X, —min X
1 1
in case of “the higher, the better” criteria, used for WL score calculation, or
max X; — X;
X, = — vi, 3,

' maxx, —minx,
I 1

in case of “the lower, the better” criteria, used for SG score calculation.

Obtained data have been subjected to analysis of variance (ANOVA) for the comparison of
means, and significant differences are calculated according to post-hoc Tukey's HSD
(“honestly significant differences”) test at p<0.05 significant level, 95% confidence limit. All
statistical analyses of the collected results have been performed using StatSoft Statistica
10.0° software.

RESULTS AND DISCUSSION

Table 1 provides an overview on the average values and standard deviations of WL and SG
parameters, as a function of different type of osmotic solution, temperature of process and
dehydration time. Dehydration efficiency index-DEI (WL/SG ratio) were calculated and shown
in the table 1. This ratio is considered to best determine optimal condition for the OT. High
DEI ratios point to intensive water removal from the samples accompanied with minimal solid
uptake. Standard score (SS) analysis was also calculated using min-max normalization, and
the SS of samples are written in table 1.

Table 1. Experimental results for celery leaves during osmotic treatment

Sugar beet molasses Ternary solution

Time | Temperature WL SG DEI | SS WL SG DEI| SS
1 20 0.28+0.02* | 0.19+0.06* | 1.48| 0.20| 0.32+0.07% |0.20£0.07°*|1.62| 0.20
1 35 0.31:0.05" | 0.1130.04% | 2,80 | 0.54| 0.37+0.04™ | 0.13+0.04" |2 83| 0.51]
1 50 0.38+0.03" | 0.15$0.02" | 2 59 | 0.46|0.41+0.01*°| 0.14+0.00% | 2.95| 0.52
3 20 0.340.12* | 0.13+0.02* | 2.65 | 0.49| 0.40+0.05% |0.18+0.02°°|2 20| 0.34
3 35 0.55+0.04° | 0.1620.01" | 353 | 0.59| 0.57£0.04*"|0.17+0.03*° |3.35| 0.55
3 50 0.74+0.01° | 0.18+0.02* | 4.19 | 0.69] 0.66+0.02°°|0.20£0.02*|3.28| 0.51
5 20 0.49+0.08° | 0.18+0.01* | 2,69 | 0.420.50£0.02*"| 0.24£0.02° |2.11| 0.22
5 35 0.72+0.01" | 0.19+0.02°™ | 3.80 | 0.62] 0.71+0.06" |0.20+0.01*°|3.51| 0.56
5 50 0.79+0.02° | 0.15+0.02 | 530 | 0.850.69+0.03°°| 0.23+0.01™ [3.05| 0.44

Polarity + - + .

The results are presented as meantSD; Different letter within the same column indicate significant
differences (p <0.05), according to Tukey’s test. Polarity: +’ = the higher the better criteria, =’ = the
lower the better criteria
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Because of the great difference in osmotic pressure between hypertonic solution and the
celery leaves tissue, loss of water is fast at the beginning of the process. But, increasing the
dehydration time resulted in greater removal of water from the all samples, regardless of the
type of solution. The highest value of WL was achieved at temperature of 50°C, after 5 hours
of OT in sugar beet molasses (0.79 g/g i.s.w.). Table 1 shows that SG also had a tendency to
increase with increasing the immersion time for most of the cases. Greater increase in values
of SG was noticed in the samples which were treated in ternary solution, as compared to
those treated with the molasses (which can be observed by overally higher DEI and SS
values for molasses). It is important to keep solid uptake as low as possible during OT, and
that is the reason why the most acceptable values for SG were achieved by using molasses
as osmotic solution (higher DEI and SS values). Based on the data in the Table 1, it was
observed that temperature is also an important factor, which considerable affects on the
values of WL, from all samples. But, in the case of the SG, only linear terms of time and type
of osmotic solution have a significant influence on the SG calculation. Optimum OT
conditions which define maximum WL with lesser SG were determined using DEI and SS
(Table 1). The maximum value of DEI that indicates the most efficient dehydration process
was 5.30, achieved by immersion of celery leaves for 5 hours, at temperature of 50°C, in
sugar beet molasses. Maximum SS (0.85) was observed when using sugar beet molasses
solution, after 5h and at temperature of 50°C. The most appropriate process conditions for
samples treated in ternary solution were: temperature of 35°C and immersion time of 5 hours
(DEI = 3.51; SS=0.56).

Table 2. ANOVA table (sum of squares for each assay)

Factor dF WL SG

Solution 1 0.000 0.004"
Time 1 0.279" 0.006"
Time® 1 0.010" 0.000
Temp. 1 0.151 0.000
Temp.? 1 0.006 0.001
Solution x Time 1 0.004 0.001
Solution x Temp. 1 0.005 0.000
Time x Temp. 1 0.011" 0.000
Error 9 0.027 0.006
r° 0.945 0.685

"Significant at p<0.05 level, ~Significant at p<0.10 level, 95% confidence limit, error terms have been
found statistically insignificant

ANOVA analysis revealed that the observed variables contributed substantially in all of the
cases to generate a significant second order polynomial (SOP) model. Calculation of WL
was mostly affected by linear terms of treatment time and processing temperature
(statistically significant at p<0.05 level, 95% confidence level).. Interchange term of these two
process variables was also influential for WL calculation, as well as quadratic term of
immersion time (both statistically significant at p<0.10 level). SG calculation was more
influenced by immersion time and the type of used solution, statistically significant at p<0.05
level. Also shown in Table 2 is the residual variance where the lack of fit variation
represents other contributions except for the second order terms. All SOP models had
insignificant lack of fit tests, which means that all the models represented the data
satisfactorily. A high r? is indicative that the variation was accounted and that the data
fitted satisfactorily to the proposed model. The r? values for WL (0.945) and SG (0.685),
were found satisfactory and showed the good fitting of the model to experimental results.
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In Figure 1, it is shown how the WL (a) and SG (b) vary depending on the temperature,
time of dehydration, and type of used osmotic solution.

(b)
EREEERID
"“Q:‘Q‘
Il >022

Solution type E :812
Sugar beet < 0'14

molasses

Figure 1. WL and SG for celery leaves during osmotic treatment
CONCLUSION

Efficiency of osmotic dehydration is directly dependent on temperature and duration of
process, which both have great influence on complex mass transfer mechanisms. On the
basis of presented results it can be concluded that both solutions are satisfying osmotic
mediums, considering the favorable loss of water during both processes. According to
results, optimal solution for drying celery leaves was sugar beet molasses, optimum
temperature of process was 50°C, while the optimum immersion time was 5 h. The
predicted responses for the optimum dehydration conditions in sugar beet molasses
were: WL about of 0.79 and SG about 0.15 g/g i.s.w. (DEI=5.30, SS=0.85). Beside the
fact that sugar beet molasses proved to be more effective osmotic solution, its use is also
environmental and economically reasonable, because molasses is side product of sugar
industry.
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ABSTRACT

The aim of this study was to investigate the effects of osmotic treatment performed in two different
solutions, on mineral content and microbiological profile of nettle leaves. Drying process was
conducted using low temperature regime to preserve original thermo-sensitive ingredients. Nettle
leaves were dehydrated in order to lower the water activity and microbiological load.

Nettle leaves were dehydrated in sugar beet molasses (concentrated at 80%) and aqueous solution of
sodium chloride and sucrose (sucrose in the quantity of 1.200 g/kg water, NaCl in the quantity of 350
g/kg water and distilled water - ASSS), at temperatures of 20°C, for 1 hour. Mineral content (Mg, Fe,
Zn, Ca and K) was determined in fresh and dehydrated leaves.

The measured Mg content (expressed in relation to the dry mass) in fresh and osmotically treated
leaves (in ASSS and molasses solution) were: 2.94%, 1.56% and 3.23%, respectively. Zn was found
with the highest content: 23.20%, 15.01% and 27.32% (in fresh leaves, and treated in ASSS and
molasses solution, respectively). Fe content was found with the lowest content in fresh leaves, and
treated in ASSS and molasses solution: 1.42%, 0.98% and 1.53%. Ca was found with content of:
3.38%, 1.92% and 4.23%, while K content was: 5.83%, 3.02% and 7.51% (in fresh leaves, and treated
in ASSS and molasses solution, respectively). The content of proteins in fresh leaves was 5.61%
(expressed in relation to the dry mass).

Also, the change of the microbiological profile between the fresh and dehydrated nettle leaves was
examined. It was noticed that the process of osmotic treatment does improve the initial microbiological
profile of the nettle leaves due to increasing dry matter content and lowering aw value. Better results
of the reduction of the observed microorganisms in nettle leaves were obtained in the process of
osmotic treatment in molasses.

Keywords: Osmotic treatment, Nettle leaves, Sugar beet molasses, Microbiological profile

INTRODUCTION

Nettle (Urtica dioica L.), naturally found in pathway, field, and wildwood. Nettles are grown in
mild climate areas, bottom of barriers, ruins and grassy places, between cultivated plants,
street, and water runnels.( Semih Otles et al., 2012)

The presence of valuable biologically important compounds such as proteins, vitamins,
phenolic components, macro and microelements, tannins, flavonoids, sterols, fatty acids,
carotenoids and chlorophylls (Kukri¢, et al., 2012, Rafajlovska et al., 2013), contributes to the
utilization of stinging nettle in different ways. Stinging nettle is of high value in the folk
medicine as well as in scientific medicine (Kukri¢a et al., 2012; Stanojevic¢ et al., 2013).
Traditionally, in herbal medicine stinging nettle is used as a diuretic agent and for the
treatment of rheumatism and arthritis (EI Haouari et al.,2006).

Osmaotic treatment (OT) is a water removal process, based on soaking food (fruit, vegetable,
meat and fish) in a hypertonic solution. In comparison to other drying treatments main
advantages of OT process are water is removed in liquid form, at mild temperatures and
osmotic solution can be reused (Koprivica et al.,2008; Curgié et al., 2012)

Mass transfer process is caused by a difference in osmotic pressure and simultaneously
three transfer process take place: water withdrawal from product to solution, solute diffusion
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from solution into the product, and leaching out of the products own solutes (MiSljenovi¢ et
al., 2009; Koprivica et al., 2010).

Recent research has shown that use of sugar beet molasses as a hypertonic solution
improves OT processes . Sugar beet molasses proved to be excellent as the OT medium
due to the high dry matter (80%) and specific nutrient content. Using sugar beet molasses as
hypertonic solution is an important part of the material enrichment in minerals and vitamins,
which penetrate from molasses into the plant tissue (Filipovi¢ et al., 2012, Levi¢ et al., 2008)
The objective of this research was to examine the influence of two different osmotic solutions
on the minerals content and microbiological profile of the nettle leaves after the process of
OT as a confirmation of the process safety.

MATERIAL AND METHODS

The stinging nettle leaves were collected in the first week of October in 2013, near Novi Sad,
shortly before use. Prior the treatment all working areas and tools were thoroughly washed,
cleaned and disinfected with the pharmaceutical ethanol 70% vol. Nettle leaves were cut into
squares of dimensions approximately 1x1cm. Aqueous osmotic solution of sodium chloride
and sucrose (ASSS) was prepared by mixing three components, commercial sugar in the
quantity of 1200 g/kg water, NaCl in the quantity of 350 g/kg water and distilled water. The
second osmotic solution was sugar beet molasses (SBMS) from the sugar factory in Pecinci,
Serbia. The material to solution ratio of 1:20 was used in all experiments. The experiments
were performed under atmospheric pressure at the temperature of the process of 20°C. The
process was performed in laboratory jars.

Samples of nettle leaves were dipped into ASSS and SBMS, and the immersion lasted for 1
hours. On every 15 minutes leaves samples in osmotic solutions were agitated to provide
better homogenization of the osmotic solutions. After OT, nettle leaves samples were
washed with sterilised water and gently blotted with paper towels to remove excessive water
from the surface.

The dry material content of samples was determined by drying at 105 °C in a heat chamber
until constant mass was achived (Instrumentaria Sutjeska, Croatia), the proteins content was
determined from the nitrogen content by Kjeldahl method (AOAC, 978.04) using factor 6.25,
and calculated as N x 6.25 (AOAC, 1995). Mineral content (Mg, Fe, Zn, Ca and K) was
determined by examining:

-Content of K, Mg and Ca (was done accordant to the SRPS EN 1134:2005, by AAS
method),

-Content of Fe and Zn (was determined according to the BS EN 15763:2009).

Determination of the Enterobacteriaceae was done by the SRPS ISO 21528-2.

RESULTS AND DISCUSSION

In the Table 1, data of the average dry material, a,, microbiological profile, mineral and
protein content in nettle leaves values and standard deviation of the fresh and OT nettle
leaves in ASSS and SBMS at the 20°C are shown. Fresh sample of nettle leaves in initial
state had a, of 0.935+0.01 which is close to the optimum growth level of most
microorganisms. In all samples after the process of OT lowered a,, values were observed
which should mean the reduction of microbial load. The sample of nettle leaves treated in
ASSS as osmotic solution showed lower a,, value (0.855+0.03) in comparison to the nettle
leaves treated in SBMS at the same temperature (0.882+0.031). This is probably due to the
higher values of solid gain in processed nettle leaves, which leads to decreasing in a,, values
(Veres§, 1991).
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Table 1. Dry mass, a,, microbiological profile, mineral and protein content, in nettle leaves

Fresh ASSS SBMS

DM 8.5+0.81 80.32+1.27 82.5+3.01
aw 0.935+0.01 0.855+0.03 0.882+0.031
Enterobacteriaceae <10 <10 <10

Mg 2.94+0.05 1.56+0.19 3.23£0.20
Zn 23.20+1.03 15.01+0.56 27.32+0.93
Fe 1.42+0.11 0.98x0.02 1.53+0.09
Ca 3.38+0.27 1.92+0.12 4.23+0.21
K 5.83+0.41 3.02+0.09 7.51+0.43
Protein 5.61+0.38 5.01+1.00 4.89+0.54

Considering that most nettle leaves spoiling bacteria do not grow below a, = 0.91(Veres,
1991), achieved a,, values of the nettle leaves dehydrated in both osmotic solutions are lower
than a,, values that inhibit bacterial growth. In addition, this a,, values prevents growth of the
most microorganisms except moulds since the lowest water activity allowing moulds growth
is 0.80 (Veres, 1991). It may be concluded that process of OT ensure a,, values which are
within a specified range for nettle leaves quality and safety.

The results of the microbiological analysis of the fresh and dehydrated nettle leaves are
presented in Table 1. Pathogenic bacteria such as Salmonella spp. which are frequent
contaminants of food, in the neither of the analyzed samples were found.

The number of Escherichia coli is an important indicator of process hygiene. There was no
observed presence of Escherichia coli in the nettle leaves before and after OT in both
osmotic solutions and these results are in accordance with the hygiene production criteria of
the Serbian National Regulation (72/2010).

Number of Enterobacteriaceae in the fresh nettle leaves was <10 CFU/g (Table 1). After the
OT number of Enterobacteriaceae in the dehydrated nettle leaves was <10 CFU/g in
samples treated in both osmotic solutions.

Although, Serbian National Regulation (72/2010) doesn’t determine reference values for the
total number of Enterobacteriaceae for the nettle leaves pieces, on the basis of the change of
this parameter can be concluded that the level of hygiene of the process and the
sustainability of the produced semi product is high enough and that the process of OT is
hygienically safe.

In Table 1, the content of macro (K, Mg and Ca) and microelements (Zn and Fe) determined
in the stinging nettle leaves is given. The stinging nettle leaves contained higher amount of K
then Ca and Mg.

Mineral content (Mg, Fe, Zn, Ca and K) was determined in fresh and OT leaves. The
measured Mg content (expressed in relation to the dry mass) in fresh and OT leaves (in
ASSS and SBMS) were: 2.94+0.05%, 1.56+£0.19% and 3.23+0.20%, respectively. Zn was
found with the highest content: 23.2%, 15.01+0.56% and 27.32+0.93% 0+1.03 (in fresh
leaves, and treated in ASSS and SBMS, respectively). Fe content was found with the lowest
content in fresh leaves, and treated in ASSS and SBMS: 1.42+0.11%, 0.98+0.02% and
1.53+0.09%. Ca was found with content of: 3.38+0.27%, 1.92+0.12% and 4.23+0.21%, while
K content was: 5.83+0.41%, 3.02+0.09% and 7.51+0.43% (in fresh leaves, and treated in
ASSS and SBMS, respectively). The content of proteins in fresh leaves was 5.61+0.38%
(expressed in relation to the dry mass).
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CONCLUSIONS

The results of this study show that the stinging nettle can be considered as a source of
valuable components. High content of proteins and minerals determined in leaves is of great
importance for the introduction of the stinging nettle in nourishment, as well as from
medicinal and phytotherapeutic point of view. Considering that the data given in the literature
is in regard to the components in leaves, the determined values for the quantities of proteins
and minerals in the stem of the stinging nettle are of significance, with indications of new
directions for its utilization.

Achieved a, values of OT nettle leaves indicate that growth of microorganisms in that
environment would be inhibited. On the basis of measured a,, values can be assumed that
OT of nettle leaves contribute to reduction of microbial load, providing products extended
sustainability. The results of the microbiological analysis of the fresh and dehydrated material
confirmed the validity of this assumption.

OT of the fresh nettle leaves in both osmotic solutions at the temperature of 20°C has given
the satisfactory microbiological parameters which are in accordance with the requirements of
Serbian National Regulation (72/2010). At this temperature, due to the absence of the need
for extra input of energy, OT represents energy efficient process, which provides safe
products.

The microbiological profile of the OT nettle leaves has shown that the treatment is
hygienically safe and semi products are microbiologically stable for further technological
production.
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ABSTRACT

Zinc is an essential element and vital micronutrient necessary for more than 300 biochemical reactions
in the body. Insufficient intake of zinc leads to several disorders, but an excessive zinc intake can
cause adverse acute effects. The Recommended Dietary Allowances (RDA) for Zn for adults over 19
years old is 11 mg/day for men and 8 mg/day for women.

The purpose of this study was to analyze and evaluate the levels of zinc in the beef, pork, turkey and
chicken meat from the Serbian market. A total of 140 samples (29 samples of beef, 52 of pork, 29 of
chicken and 30 of turkey) were collected from January 2014 to May 2014. The Zn analysis was
performed using inductively-coupled plasma-mass spectrometry (ICP-MS) measuring zn isotope. In
order to establish the differences between the zinc content in four types of meat, the obtained data
were tested using one-way ANOVA and Tukey's test (95% confidence intervals).

The lowest and the highest obtained Zn levels were 3.93 mg kg'l in chicken and 59.50 mg kg’l in beef.
The mean values for Zn content were 42.56+4.55 mg kg™, 30.51+5.88 mg kg™, 10.66+2.06 mg kg™
and 9.94+1.00 mg kg'l in beef, pork, turkey and chicken samples of meat, respectively. Statistical
analysis of the data showed significant differences between the zinc content in all types of meat
except between the chicken and turkey meat.

According to the data of the World Health Organization (WHO) the daily intake of meat for adult
Serbian population is 114.1 g of mammalian and 55.6 g of poultry species. Taking into account the
results of this study, RDA for Zn, as well as WHO data for meat daily intake, it can be concluded that
meat intake (poultry and mammalian meat) provides 43.1% of Zn RDA for men and 59.3% of Zn RDA
for women in Serbian population.

Keywords: zinc, beef, pork, chicken, turkey

INTRODUCTION

Meat is considered a highly nutritious food, previously considered essential to optimal human
growth and development (Higgs, 2000). Although some investigations indicate that
consuming of meat has been associated with various cancers (Bingham, 1999; Wie et al.,
2014), cardiovascular and metabolic diseases (Wu et al., 2014), meat consumption has been
important in human species evolution, especially the brain and intellectual development
(Broadhurst et al., 2002). Meat and meat products are important sources of a wide range of
micronutrients which are vital in human health. It is particularly rich in high biological value
protein, as well as micronutrients like iron, selenium, zinc and vitamin B12 (Pereira and
Vicente, 2013).

Among all the vitamins and minerals, zinc shows the strongest effect on our all-important
immune system (Pae et al., 2012; Roohani et al., 2013). Zinc is known as an essential trace
element necessary for more than 300 metalloenzymes and fulfills many biochemical
functions in human metabolism. The best sources of zinc are oysters (25 mg/100g), meat,
especially red meat (5.2 mg/100g), nuts (3 mg/100g) and poultry (1.5 mg/100g),
(www.zinc.org). Bioavailability of zinc is enhanced when consumed with animal protein, and
is reduced by inhibitors such as phytate and oxalate. This explains the results from a few
studies in which were shown that vegetarians had lower plasma zinc (Freeland-Graves,
1988). Thus, meat is important part of diet associated with good health and prosperity.

The aim of this study was to analyze and evaluate the levels of zinc in four types of meat,
which were taken from Serbian market and ordinarily consumed by the population of Serbia.
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On the other hand, data from this study were used in order to assessed daily intake of zinc
by meat.

MATERIAL AND METHODS

Sample collection

A total, 140 meat samples were collected in Serbian markets from January 2014 to May
2014 (29 beef, 52 pork, 29 chicken and 30 turkey meat). After collection, samples were
labelled and stored in polyethylene bags and frozen at -18°C prior to analysis.

Sample preparation

Meat samples were partially thawed at +4 °C 1 day before analysis. Approximately 0.3 g of
samples were weighted into Teflon vessels. Samples were mineralized by adding 5ml nitric
acid (p.a. SIGMA) and 1.5ml hydrogen peroxide (30%, p.a., MERCK). Microwave assisted
digestion was performed in Milestone, Start D, Microwave Digestion System (Via
Fatebenefratelli, 1/5-24010 Sorisole (BG), Italy). The microwave program consisted of three
steps as follows: 5 min from room temperature to 180°C, 10 min hold 180°C, 20 min vent.
After cooling at room temperature, the digested sample solutions were quantitatively
transferred into disposable flasks and diluted to 100ml with deionized water (ELGA).

The analysis was performed by inductively-coupled plasma mass spectrometry (ICP-MS).
Measurements were performed using the instrument “iCap Q" (Thermo Scientific, Bremen,
Germany), equipped with collision cell and operating in kinetic energy discrimination (KED)
mode. The ®®Zn isotope was measured:

Torch position, ion optics and detector settings were adjusted daily using tuning solution
(Thermo Scientific Tune B) in order to optimize measurements and minimize possible
interferences. For the qualitative analysis of the samples, five-point calibration curve
(including zero) was constructed for the ®°Zn isotope in the concentration range of 0.1 — 2.0
mg/L. Additional line of the peristaltic pump was used for on-line introduction of multi-element
internal standard (**Sc — 10 ng/mL; "Ga — 2 ng/mL). Concentrations of each measured
sample were corrected for response factors of both higher and lower mass internal standard
using interpolation method.

The quality of the analytical process was controlled by the analysis of the standard reference
material (NIST SRM 1577c¢, Gaithersburg, USA). Measured concentrations were within the
range of the certified values for all isotopes.

Statistical Analysis

For data analysis a one-way analysis of variance (ANOVA) and Student’s paired t-test, which
was performed using Microsoft Office Excel 2007, was used for the comparison of the mean
content of Zn in different types of meat.

RESULTS AND DISCUSSION

Contents of Zn (mg/kg) in four types of meat are expressed as mean value * standard
deviation (SD) and are graphically presented in Figure 1. Results for ANOVA and Student’s t-
test of the data are showed in Figure 1, as well. Statistical analysis of the data showed
significant differences between the zinc content in all types of meat except between Zn
content in chicken and turkey meat (p<0.05).
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Figurel. The mean values for Zn content [mg/kg] in different types of meat (a, b, ¢ — values expressed
as columns followed by different letters are differ significantly (p<0.05))

The World Health Organization (WHO) through Global Environment Monitoring System -
Food Contamination Monitoring and Assessment Programme (GEMS/Food) cluster diets
2012 (www.who.int/foodsafety/chem/gems/en) gives data for the daily intake of 383 different
food items of 183 countries. According to the data of WHO, the daily intake of meat for adult
Serbian population is 114.1g and 55.6g of mammalian and poultry species, respectively. The
Recommended Dietary Allowances (RDA) for Zn, recommended by Food and Nutrition
Board of the Institute of Medicine (Institute of Medicine, 2001) is 11 mg/day and 8 mg/day for
man and woman up to 19 years old, respectively. Taking into account the obtained data of
this study, RDA for Zn, as well as WHO data for meat daily intake Figure 2 shows percent of
recommended daily intake of Zn by poultry and mammalian meat for man and woman in
Serbian population.

Poultry meat
Poultry meat (chicken + turkey)
(chicken+turkey) : 7%
5%

Other food
Other food 41%

57%

Mammalian
meat
(pork+beef)
38%

Mammalian
meat
(pork + beef)
52%

a) man b) women

Figure 2. Percent of recommended daily intake of Zn by consuming poultry and mammalian meat for
man and woman in Serbian population

As it is showed in Figure 2 poultry meat (chiken and turkey) provides 5% and 7% of Zn RDA

for men and women, respectively, while mammalian meat (pork and beef) provides 38% and
52% of Zn RDA for men and women, respectively, in Serbian population.
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CONCLUSIONS

The mean contents of Zn in analyzed samples (beef, pork, turkey and chicken meat) were in
the range 9.9-42.6 mg/kg; the highest Zn content was determined in one beef sample (59.5
mg/kg). According to the results of this study, taking into account the RDA data for Zn, as
well as WHO data for meat daily intake, it can be concluded that meat intake (poultry and
mammalian meat) provides 43.1% of Zn RDA for men and 59.3% of Zn RDA for women in
Serbian population.
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ABSTRACT

The oxidation processes on lipids (instrumentally measured colour values, TBARs, cholesterol oxides
— COPs) and formation of heterocyclic amines (HAs) were studied in chicken patties enriched in n-3
fatty acids (whole flaxseed addition in the chicken feed), after 8 days of storage at 4 °C under different
aerobic conditions (MAP-high CO,, wrapping (air permeable), MAP-high O,, and MAP-low O;). HA
precursors — creatine and creatinine on raw patties before griling, as well as COPs (7a-
hydroxycholesterol, 7p-hydroxycholesterol, 20a-hydroxycholesterol, 22-hydroxycholesterol, 25-
hydroxycholesterol) and HAs (quinoxalines (MelQx, 7,8DiMeQx, IQx) and PhIP) on homogenate of the
upper and the lower surface slices of the grilled (two-plate grill, at 220 °C for 5 min) patties were
determined by LC-MS; TBARs were determined on raw samples spectrofotometrically. For the raw
chicken patties, n-3 enrichment increased the colour L* values and TBARs, while after the heat
treatment there were non-significant and slightly higher content of COPs. Generally, higher contents of
individual and total HAs were seen for the n-3—enriched groups (not significant), compared to the
control patties (mixed cereal diet that contained no flaxseed). In comparison with the low O, (<0.5%)
package-atmosphere condition, O, enrichment (80%) increased the instrumentally measured colour
values, TBARs, as well as total and individual COPs. On the contrary we found that content of total
HAs was significantly lower in patties stored in packages with the highest O, (MAP-high O, and
wrapping) than with the lowest O, concentration (MAP-low O,, MAP-high CO,).

Keywords: chicken patties, n-3 fatty acids, cholesterol oxides, TBARs, heterocyclic amines

INTRODUCTION

Poultry is one of the most important protein-rich muscle food sources available today, and
production and consumption are increasing rapidly. It has been shown that heterocyclic
amines (HAs) are formed at ppb levels during the cooking of muscle foods and play a role in
the etiology of human cancers (Sugimura et al.,, 2004). Therefore, to assess the human
intake of HAs, it is important to collect data on the content of HAs in chicken meat prepared
in various ways. As well as cooking conditions, there are other factors that can influence the
formation of HAs in cooked meat, such as the amounts of their different precursors
(creatine/creatinine, free amino acids, and reducing sugars) and the presence of other
compounds with enhancing or inhibiting effects (Skog and Solyakov, 2002). To our
knowledge n-3 polyunsaturated fatty acids (PUFAS) enriched chicken meat, which is more
susceptible to oxidation in O,—enriched package-atmosphere conditions, have not been used
in studies on HAs.

It is well known that n-3 PUFAs consumption reduces the risk of cardiovascular disease,
inhibits the growth of malignant mammary and prostate gland tumours, delays the loss of
immunological functions, and is required for normal brain development in the foetus (Azcona
et al., 2008; Siriwardhana et al., 2012). However, the quality of meat enriched in n-3 PUFAs
might be adversely influenced by the supplementation with high levels of flaxseed, fish meat,
or other sea products in the animal diet (Azcona et al., 2008). Indeed, undesirable changes
in several quality parameters can occur, including loss of water-holding capacity, and
changes to the texture and flavour (Morrissey et al., 1998). However, oxidation is a major
cause of deterioration of fat and fat-containing muscle foods, and especially of n-3—enriched
meat. Some studies have reported that the supplementation of a high level of flaxseed in the
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diet of broiler chickens increases the degree of unsaturation of the lipids in their muscle
membranes, which can induce greater oxidation intensity in the muscle (Morrissey et al.,
1998; Betti et al., 2009). Lipid oxidation can affect the cholesterol stability, and thus produce
cholesterol oxidation products (COPs). In particular, meat processing techniques and meat
storage conditions can disrupt the muscle-cell membranes and facilitate interactions of fatty
acids (FA) with cystosolic pro-oxidants, thereby further accelerating lipid and cholesterol
oxidation (Boselli et al., 2005).

Consequently, there is the need to determine the formation of lipid oxidation products and
HAs in n-3 enriched chicken patties (from meat from chickens that had been fed ground
whole flaxseed as an addition to their mixed cereal diet) after 8-day storing at 4 °C under
different aerobic conditions used in the meat industry.

MATERIAL AND METHODS

The chicken patties were prepared by a local company (Pivka Perutninarstvo, d.d), using
chicken meat that originated from chickens that followed two different diets. The first group of
patties was made from meat from chickens that had been fed on a mixed cereal diet that
contained no flaxseed (control). The second group of patties was made from meat from
chickens that had been fed ground whole flaxseed as an addition to their mixed cereal diet
(enriched with n-3 PUFASs). Therefore, the chicken meat enriched with n-3 PUFAs was
obtained from the chicken named ‘Pivka chicken with Omega 3’, with a certificate defining
their national level of higher quality (33203-35/2008/10) due to the favourable ratio of n-6/n-3
PUFAs (4.5:1).

On day 42, the control and ‘n-3—enriched’ chickens were commercially processed after a 12-
h feed-withdrawal period. The carcasses were then mechanically eviscerated and cut up
after reaching an internal carcass temperature of 4 °C. The chicken breast and thigh meat
were collected, minced (mincer hole diameter, 6 mm), spiced and mixed. The additives and
spices used were: natural spices (e.g., garlic), bamboo fibre, dextrose, sodium acetate,
sodium glutamate, ascorbic acid, sodium diphosphate, and carmine. The chicken patties
weighed ca. 120 g each, and they were formed into an oval shape (ca. 140 mm x 100 mm x
10 mm). Four patties were placed onto each polypropylene tray (G018110, Marcato Sp.
Z.0.0., Poland), ready for the packaging.

A total of 48 trays of four chicken patties were prepared, as the control (24 trays) and n-3—
enriched (24 trays) chicken-meat groups. Each of these two groups was divided into four
subgroups of 6 trays, each containing four chicken patties, for the different package-
atmosphere conditions investigated. The full experimental procedure is summarised in Figure
1.

Two types of packaging films were used: multi-layer polyvinyl chloride (PVC) film (Zenium M,;
Linpac Packaging, Pointivy, France) and very high barrier sealable lidding film for food trays,
of polypropylene and polyethylene (PP/PE) (Lin Top PP HB A 50; Linpac Plastic Pointivy,
France). The four subgroups were defined according to the package-atmosphere conditions
(wrapping and modified atmosphere), as follows (Figure 1): (i) the first subgroup were trays
wrapped with the multi-layer PVC that is permeable to the air, as 21% O,, < 1% CO, and
78% N, (WF-ICO,); (ii) the high-CO, MAP subgroup were trays sealed with the high-barrier
PP/PE and filled with modified atmosphere of 20% O,, 30% CO, and 50% N, (MAP-hCO,);
(iii) the high-O, MAP subgroup were trays sealed with the high-barrier PP/PE and filled with
modified atmosphere of 80% O, and 20% CO, (MAP-hO,), and (iv) the low-O, MAP
subgroup were trays sealed with the high-barrier PP/PE and filled with modified atmosphere
of < 1% O,, 25% CO, and 74% N, (MAP-IO,). The initial gas compositions were measured
for parallel packaged samples, which were then excluded due to the penetration of the
packaging (data not presented). The packaged patties were stored in a refrigerator at 4 (+1)
°C for eight days. Following this storage, the gas composition within the packaging was
measured again (data not presented), accompanied by the instrumental analysis for patties
colour. The thermal treatment (grilling) then followed. The patties were thermally treated
under a two-plate grill (Silex, Kitchen Genius 610.95®, Germany) at 220 °C for 5 min. The
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final internal temperature (Ti) was 85 (£5) °C. The Ti was monitored with a spear-pointed
temperature probe (Testo 177-T4, coupled with a stainless-steel class 1 probe) that was
inserted into the mid-point of patties.

Chicken broilers fed with Chicken broilers fed with
conventional feed conventional feed enriched in n-3
(Control) PUFAs (n-3 enriched)
I T

Breasts and thighs |
[

Minced (d = 0.006 m) |
I

Spiced (spices and additives) |
[

|

|

|

Mixed
I

Patties formed
|

Packaged
[ ]

(Control) (n-3 enriched)
WF-ICO,, MAP-hCO,, WF-ICO,, MAP-hCO,,
MAP-hO,, MAP-I0, MAP-hO,, MAP-IO,
[ I

Gas composition measurement on
packaging
|
| Storage (8 days, at 4 +1 °C) |
[
Gas composition measurement
meags?:?eur:lent | : l - | TBARS,
Thermal treatment (grilled) HASs precursors
(220 °C, 5 min)
I

Determination of cholesterol, COP, and
HA content on average sample from
each of three series

Figure 1. Description of the procedures carried out in the present study for the chicken patty
production, treatments and sampling (three production repeats were carried out).

The colour, TBARs, and content of HA precursors were assessed for the patties before the
thermal treatment, and the other traits, the contents of HAs, cholesterol, and COPs were
determined following the thermal treatment.

All of the chemical analyses were carried out in duplicate; the instrumental colour evaluations
were measured in triplicate. For the determination of contents of HAs, cholesterol and COPs
the means from each of the subgroups (means from 6 trays: 2 parallels x 3 production
repeats = 6 determinations) were used.

A CR 200b colorimeter (Minolta; Illuminant C, 0° viewing angle) was used to determine the
CIE L* (lightness), a* (z, red to green), and b* (+, yellow to blue) values on the surface of the
raw chicken patties. The TBARs were determined using a modified extraction method
described by Witte et al. (1970). The TBARs are calculated as mg malondialdehyde per kg
meat sample. The cholesterol and the cholesterol oxides (COPSs) contents were determined
according to a modified method from Ubhayasekera et al. (2004), followed by LC-MS/MS
analysis. The HA content was determined by the method described by Messner and
Murkovic (2004) and Sentellas et al. (2004), with minor modifications.

The experiment for the evaluation of physico-chemical parameters of chicken patties was
carried out using a 2 x 5 x 3 mixed factorial design (2 types of chicken diet (control and
dietary flaxseed enrichment), 4 types of package-atmosphere condition (i.e., WF-ICO,,
MAP-hCO,, MAP-hO,, and MAP-IO,), and 3 production repetitions) (SAS). Least square
means for the experimental groups were obtained using the LSM procedure, and they were
compared at a 5% probability level. The relationships between the parameters were
assessed according to the Pearson correlation coefficients, using the CORR procedure.
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RESULTS AND DISCUSSION

Packaging and storage at higher concentration of O, (MAP-hO, and WF-ICO,) significantly
changed the colour (Table 1), where it became lighter, compared to MAP-hCO, and
MAP-IO,; colour became paler in n-3 enriched (1L, 3.00) or more greyish and duller in
control ([L", -0.30). The duller colour due to the low concentration of O, was expected, as
low or no O, usually causes the pigments to be in the deoxymyoglobin state (Belcher, 2006).

The evolution of TBARs formation in the raw patties decreased with the lowering of the
concentration of O, in the packages (Table 1). The TBARs are significantly lower in the
packages wrapped with the air-permeable film (WF-ICO,) or filled with 20% O, and 30% CO,
(MAP-hCO,) than in packages with the highest O, concentration (MAP-hO,); furthermore,
the lowest TBAR levels are seen in the packages with O, at < 0.5% (MAP-IO,). The n-3
enrichment of the chicken breast and thigh meat greatly affected the oxidative stability of the
grilled patties, such that with this flaxseed supplementation, the highest TBARs levels
occurred with n-3 enrichment, as compared to the control (69%). A possible explanation for
the extensive lipid oxidation in n-3—enriched meat might also be the formation of reactive O,
species, which are produced as a consequence of n-3 PUFA deposition (Morrissey et al.,
1998). This is linked to transition metals such as iron, activation of adenosine
monophosphate-activated protein kinase, increased release of calcium from the
sarcoplasmic reticulum, and a high PUFA content in the phospholipid membranes (Betti et
al., 2009).

At closer (Figure 1), higher contents of COPs were seen for the n-3—enriched groups,
compared to the control group, with the exception of the O,-rich atmosphere. This result
would be as expected, due to the extensive cholesterol oxidation in the chicken patties with
lower oxidative stability. Over the 8 days of storage, in comparison with the very low O,
atmosphere the total COPs increased by just under 2-fold in MAP-hCO,, although these
differences did not reach significance. For packaging in an O,-rich atmosphere in comparison
with a low-O, atmosphere the total COPs increased by more than 16-fold. Cayuela et al.
(2004) reported that an O,-rich atmosphere (0,:CO,, 70:30) resulted in a noticeable rise in
the rate of cholesterol oxidation in pork loin chops stored at 4 °C for 13 days: from 0.2 mg
kg™ to 0.4 mg kg™ meat. The trend (Pearson correlation coefficient = 0.70; P < 0.001) found
for TBARs and COPs formation in the present study supports the catalysing influence of
peroxyl radicals coming from neighbouring phospholipid polyunsaturated fatty acids on the
onset of cholesterol oxidation (Paniangvait et al., 1995).

Generally, higher contents of individual and total HAs were seen for the n-3—enriched groups
(not significant, exception of MelQx), compared to the control (Table 1). To our knowledge no
data on HAs was acquired on n-3—enriched meats. We found that content of total HAs was
significantly lower in patties stored in packages with the highest O, (MAP-high O, and
wrapping) than with the lowest O, concentration (MAP-low O,, MAP-high CO;). However,
this phenomenon holds mainly on account of significantly higher content of MelQx.

If we look in more details the relationship between the parameters of lipid oxidation and HAs
generated (Figure 2), we can conclude that accelerated lipid oxidation in both, n-3 enriched
and control patties stored under rich O,-conditions limits, perhaps even inhibits the formation
of HAs. Plausible mechanism of HAs inhibition is based on reactions of bioactive compounds
originating from cholesterol and lipid oxidation reactions with free radicals formed during
thermal treatment and consequently on their inactivation. Lipid oxidation products can act as
inhibitors along the different pathways of the reaction, perhaps by scavenging reactive
molecules. On the contrary, in low-O, (<0.5%) atmosphere formation of COPs and TBARs is
very limited and the noticeable formation of the HAs is noted, regardless diet n-3 enrichment.
Additionally, the formation and amounts of the HAs are dependent on physical and chemical
parameters, in terms of the levels of HA precursors (Skog et al., 1998). Data about creatine
and creatinine content in chicken patties showed that there are no differences between
groups with different content of n-3 or concentration of O, in the packages.
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Table 1. Effects of ground whole flaxseed addition in chicken feed (n-3 enriched) and package-
atmosphere conditions on colour values, TBARs, content of cholesterol, cholesterol oxides, precursors
of heterocyclic amines, quinoxalines, and PhIP of chicken patties, stored 8 days at 4 (x1) °C

Parameter, |Package-atmosphere conditions Diet

mean +sd |[MAP-hCO, [MAP-hO, [MAP-I0, [WF-ICO, |s. [Control In-3 |s.

Colour values

£33

L value 50.56+2.46"]51.78+2.35° [50.95+3.27°[51.26+2.76® | [49.90+2.50° [52.35+2.45°

a value 14.39+2.00°[14.76+1.87° [13.47+1.55°[15.91+1.96" | [14.56+2.11 [14.65+1.96 [Ns

b value 15.38+0.90°[15.46+1.03" [13.95+1.48°[16.40+1.25% 15.15+1.42 |15.40+1.51 |Ns

Lipid oxidation parameter , mg malondialdehyde kg™

TBARs 0.18+0.06" [0.54+0.46° [0.13+0.02° [0.21+0.06° [~ [0.22+0.15° [0.32+0.36" [
Cholesterol oxides (COPs) and cholesterol, mg kg™

7a-HC 1.05+0.26° [14.16+2.82% ]0.41+0.29° [2.43+0.72° | [4.03+5.76 [4.48+5.82 |Ns
7B-HC 2.11+0.55° [28.35+5.67° |0.84+0.57° [4.79+1.44° |~ [8.06+11.58 [8.94+11.64 |Ns
200-HC 2.07+0.50° [28.29+5.61% [0.88+0.56° [4.55+1.53° | |[7.78+11.28 [8.91+11.64 |Ns
22-HC 1.01+0.24° [14.52+2.96% [0.47+0.30° [2.31+0.75° | |4.54+6.27 |4.47+5.50 |Ns
25-HC 1.03+0.34° [14.59+2.92% [0.38+0.30° [2.32+0.77° | |4.53+6.33 [4.46%5.83 |Ns

Total COPs [7.27+1.85° [99.16+19.72" |2.98+1.95° [16.7645.11° 28.17+40.43 |31.27+40.73 |[Ns

Cholesterol [571.8+3.8™ [495.6+18.4° |578.1+4.5" |565.2+8.8° |~ [553.3+36.2 [552.1+37.9 [Ns

gox'da“on’ 13:0.3° |16.7432°  |05:0.3°  [2.9:0.9" 4.75+6.77 [5.2846.83 |Ns

HA precursors’, mMol kg~

Creatine 6.30+0.56 |6.65+0.33 6.50+0.54 |6.67+0.58 |Ns|6.44+0.53 |6.59+0.45 |Ns

Creatinine  |0.56+0.23 |0.55x0.25 0.53+0.22 0.56+0.26  |[Ns|0.54+0.22  |0.55+0.23 |Ns

Total Ns 6.97+0.58 |7.14+0.48 Ns
creatine 6.85+0.65 |7.19+0.36 7.02+0.54 |7.23+0.63

Heterocyclic amines, [ /g kg™

MelQx, 2.58+2.55* [1.45+1.32° [2.69+2.09% [1.12+1.03° [~ [1.64+1.49° [2.36+2.32° [~
PhIP 5.11+5.27% [3.11+4.30° |5.73+7.60° [2.75+3.61° |~ [4.07+5.97 [4.55%5.37 |Ns
7,8-DiMelQx|0.32+0.21% [0.17+0.14° [0.33+0.26° [0.09+0.11° |~ [0.21+0.20 [0.27+0.23 |Ns
1Qx 2.03+1.78% [1.56+1.52° [1.93+1.56™ [1.71+1.99®° | [1.86+1.77 [1.74+1.62 |Ns
Total HCA [8.56+4.99" [6.06+6.02° [9.88+7.54% |5.65+6.57° | [7.48+7.27 [7.9845.73 |Ns

" Measurements on raw patties. HC, hydroxycholesterol. Levels of significance: Ns P > 0.05, ~ P <
0.001; P <0.05. Means with a different superscript within effect (a,b,c,d) differ significantly (P < 0.05).
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Figure 2. Effect of diet (n-3 enrichment) on content of cholesterol oxides (COPs) and heterocyclic
amines (HAs), and TBARs of chicken patties, stored 8 days at 4 (+1) °C, with respect to package-

atmosphere condition (MAP=I0, - <1% O,, MAP-hCO, — 20% O,, WF-ICO, — 21% O,, and MAP-hO,
—87% O,)
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CONCLUSIONS

It is fascinating that on grilled poultry patties packed in low-O, (<0.5%) atmosphere after 8-
day storage significantly higher amount of HAs compared to these stored in aerobic
conditions was formed, which is very interesting for further research.
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ABSTRACT

Kefir is a traditional fermented milk beverage with a sharp acidic and slight yeasty flavor from the
Caucasus Mountains in central Asia. In this study, kefir starter culture was used for production of
beverage. Some chemical parameters (carbohydrate, dry matter, fat, and pH) and microbiological
changes (lactic acid bacteria and yeasts) were determined during 24h of fermentation and then after 2,
7, 14, 21, and 28 days of storage at 4 °C. Three different substrates (camel, bovine and goat whey)
were used as fermentation substrate for kefir starter culture. The incubation time (24h) and
temperature (25 °C), inoculation rate (5%) and mixing rate (90 rpm) were the same for all the
beverages. The changes in beverage properties, manufactured by three substrates, were more or less
similar. During 0-4 weeks of storage, level of lactic acid bacteria decreased although population of
yeast increased. During the fermentation, carbohydrate content (w/w) and pH decreased continuously,
but dry matter and fat content of the beverages were not significantly different from dry matter and fat
content of the substrates. At the end of 4 weeks of storage, carbohydrate content (w/w), and pH
changed significantly in three substrates. Moreover, the results confirmed that changes in the
properties of camel whey during fermentation were more pronounced than changes in goat and bovine
whey substrate.

Keywords: camel whey, kefir starter culture, goat whey, fermented beverage

INTRODUCTION

Kefir is a fermented milk product that has its origin in the Caucasian mountains, Tibet or
Mongolia, many centuries ago (Cais-Sokolinska et al., 2008). The appearance of kefir grains
varies in size from approximately 3 to 30 mm and they comprise of the lactic acid bacteria
(Lactobacillus, Lactococcus, Leuconostoc), yeasts (Kluyveromyces, Candida,
Saccharomyces, Pichia) and acetic acid bacteria (Farnworth, 1999; Paraskevopoulou et al.,
2003). A prickling sensation on the tongue is typical when consuming kefir, due to CO,
produced by the yeast microflora (Farnworth, 2005; Irigoyen et al., 2005).

Milk whey is a by-product of the cheese-making industry which presents about 85-95% of the
milk volume and contains nutrients such as lactose, soluble proteins, lipids, minerals,
vitamins and organic acids. Because of its high organic matter contents, milk whey can be a
serious environmental problem with lactose being mainly responsible for its high BOD and
COD values (Mawson, 1994). Whey is the liquid effluent of the dairy industries and therefore
it is produced in large capacities worldwide, creating serious environmental pollution
problems (Koutinas et al., 2007).

Five major proteins in bovin whey comprise immunoglobulins (Igs), mainly immunoglobulin G
(IgG), bovine serum albumin (BSA), a-lactalbumin (a-la), p-lactoglobulin (b-lg) and proteose
peptones (Whitney, 1977; Eigel et al., 1984). Serum proteins that were identified in camel
milk include a-la, serum albumin, lactophorin A, lactoferrin, lac-toperoxidase and Igs.

In previous study of Motaghi et al. (1997), the microorganisms from kefir grain were isolated
and purified. In the present investigation, the starter cultures were prepared from native
microbial strains. Various ratios of starter culture were made from the isolated
microorganisms of kefir grain. In the scientific literature, there are many reports on the
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microbiological characteristics of Kefir grains and on changes occurring during storage of
kefir beverage made from milk (Duitschaever et al., 1988; Farnworth, 2005; Glzel-Seydim et
al., 2005; Irigoyen et al., 2005; Kuo and Lin, 1999; Simova et al., 2002). However,
information on the microbiological and biochemical changes that occur during the storage of
beverage inoculated with kefir starter culture is scarce. Lactic acid bacteria, yeast and acetic
acid bacteria were used for production of beverage and the products were examined and
analyzed for fat, carbohydrate, dry matter and pH. The aim of this study was to evaluate
microbial and chemical changes during the fermentation of beverages made from camel,
goat and bovine whey using kefir starter cultures and mixed cultures consisting of certain
species of kefir grain microorganisms in order to develop a procedure where lactic acid
fermentation is followed by yeast fermentation.

MATERIAL AND METHODS

Stock cultures

Seven species of bacteria previously identified as Lactobacillus kefir, L. brevis, L. casei, L.
plantarum, Stereptococcus lactis, Leuconostoc mesenteroids and Acetobacter aceti were
combined to form a bacterial starter culture of kefir. Among the isolated yeast from Iranian
kefir grain Candida kefir, Saccharomyces lactis and S. fragilis were previously isolated and
identified by Motaghi et al. (1997). The stock cultures of these organisms were obtained from
Persian Type Culture Collection (PTCC). Sterilized skim milk is suitable medium for kefir
starter cultures and all cultures were maintained in this liquid.

Microbial enumeration

The preparation of the inoculum of the pure cultures was performed according to the method
of Marshall and Cole (1985). Slants were incubated aerobically at 30 °C for Streptococci, for
lactobacilli under an atmosphere of 80% N2, 10% H2 at 30 °C, while Acetobacter slant was
incubated aerobically at 26 °C. The turbidity of each microbial suspension was estimated by
spectrophotometer at 550 nm according to the method of Kingra and Horikoshi (1988).
Starter bacterial and yeast cultures were prepared in such a way that their concentration
(cells/mL) was exactly equal to what they were in one gram of original kefir grain (Motaghi et
al., 1997).

Beverage preparations

In the present study, camel, goat and bovine whey was provided by Kalber S.A. which is a
milk processing factory for cheese and other dairy products in the area of Arak, situated in
center of Iran. The pasteurization technique for whey included heating to 60 °C for 30 min,
follow by cooling to 0 °C for 30 min and letting stand at room temperature heating. Cooling
and standing at room temperature was repeated three times to destroy any vegetative or
spore cells present in the whey. The plate count test (Messer et al., 1985) was performed to
ensure the effectiveness of the pasteurization technique. The incubation time (24 h),
temperature (25 °C) and shaking speed (90 rev/min) were kept constant. The procedures for
making various beverages are as follows:

Beverage 1 (B1): The pasteurized camel whey was inoculated with combined kefir grain
bacteria with yeast: 3% (v/v) bacterial strain and 2% (v/v) yeast kefir grains.

Beverage 2 (B2): The pasteurized goat whey was inoculated with combined kefir grain
bacteria with yeast: 3% (v/v) bacterial strain and 2% (v/v) yeast kefir grains.

Beverage 3 (B3): The sterilized bovine whey was inoculated with combined kefir grain
bacteria with yeast: 3% (v/v) bacterial strain and 2% (v/v) yeast kefir grains previously
described by Mazaheri et al. (2000). From each batch of beverage, samples were taken at 0
h and after 24 and 48 h of fermentation (incubation).
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Chemical analysis

Fat contents of individual sample were measured according to standard AOAC method
2000.18. AOAC method 990.19 was used to determine total solid in each sample. The pH
was determined by inserting a pH probe (pH meter Micro pH 2002; Crison, Barcelona, Spain)
directly into a well-mixed sample. Carbohydrate content was measured by HPLC (Waters,
Mil ford, MA, USA) equipped with an Interaction ION 300 column (Phenomenex, Torrance,
CA, USA), using H2S04 (0.0064 N) as mobile phase at a flow rate of 0.4 ml min * (Wang et
al., 2004).

Microbiological analysis

The development in microflora was investigated by making serial dilutions of kefir in 0.1%
peptone water (LP0040, Oxoid Ltd, Basingstoke, England) (Mian et al., 1997). Dilutions of
sample for counts of lactic acid bacteria were plated on MRS agar and Azid agar (Merck Co.),
respectively. Both cultures were incubated for 3 days at 30 °C. Malt extract agar (Merck Co.)
was used for counts of yeasts. Samples were incubated for 3 days at 25 °C (Atlas, 2006).

Statistical analysis

All results presented in this study are the mean of three independent experiments with three
replicates for each. Data were analyzed by the general linear model procedures of the
statistical analysis system (SAS, 1986); p<0.05 was considered significant. Means were
compared by last significant difference.

RESULTS AND DISCUSSION

In the present study, by using the native microbial strains isolated from kefir grains starter
culture, the following results were obtained.

Lactic acid bacteria levels in the beverage samples were 8 log10 cfu mL™.This finding is
consistent with results obtained for Spanish, Turkish, South African, Scottish and Polish kefir
(Garcia-Fontan et al., 2006; Giizel-Seydim et al., 2005; Irigoyen et al., 2005; Loretan et al.,
2003, Wszolek et al., 2001). The significant (P<0.01) decrease in camel whey substrate was
found in both amount by 2 and 3 log10 units, respectively after 4 weeks. A significant
(P<0.01) decrease from 8 log10 cfu mL™ to 5 log10 cfu mL™ in level of lactic acid bacteria
occurred in goat and bovine whey substrate, after 4 weeks of storage (Fig. 1.A).

Yeast levels in the beverage samples were approximately, 3.3 log10 cfu mL™. Although the
amounts listed in CODEX STAN 243 (2003) for fermented milks were 10* cfu g™ as minimum
yeast number for kefir , the yeast level reported for household kefir from South Africa was 8
log10 cfu mL™* (Loretan et al., 2003). In camel whey substrate, after 3 weeks of storage, a
significant (P<0.01) increase in yeast level (4 log10 cfu mL™) occurred followed by further
significant (P<0.01) increase to 4.2 log10 cfu mL™, after 4 weeks of storage (Figure 1.B).
During the 4 weeks storage period, yeast level in goat and bovine whey substrate increased
significantly (Figure 1.B).

The carbohydrate content decreased significantly (P<0.05) during the first 24 h, followed by
slower decrease until the 48 h of storage. Carbohydrates were consumed during the first 24
h fermentation period, resulted in carbohydrates level decreased by 20—-25% with respect to
the initial carbohydrates level present in whey. In bovine whey substrate, the final
carbohydrate content was within the range of the values observed by other authors for kefir
produced from milk obtained from different species (Muir and Hunter, 1992; Muir et al.,
1999). In goat and camel whey, carbohydrate level decreased slowly (Figure 1.C). Alm
(1982) did not detect galactose in the kefir samples, which was confirmed in this study.
Namely, the galactose formed by hydrolysis of the lactose is employed by the kefir microflora
to form the polymer kefiran, which is characteristic of kefir. The role of kefiran is to make the
new granules formed during the fermentation process.

Dry matter in the three beverages did not significantly change after 48 h of fermentation
(Figure 1.D). Dry matter values were similar to those recorded for other fermented milks
(Gambelli et al., 1999) and to those reported by Ching-Yun and Ching-Wen (1999) for kefir
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made using a 5% inoculate. These values were not significantly different from the dry matter
content of the source substrates. Accordingly, as it was the case for the fat content,
fermentation did not affect the dry matter content of the source substrate used. Ottogalli et al.
(1973) found that the dry matter in recently manufactured kefir differed according to the
geographic origin of the granules, with variations in dry matter between 9.4% and 11.1% in
the milk substrate. The percentage of kefir grains inoculated did not significantly influence the
dry matter content in the samples.
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Figure 1. Changes in the physicochemical and microbiological characteristics of beverage samples

made from camel whey (—), goat whey (- -) and bovine whey (......) using kefir starter culture, during
storage. (A) Lactic acid bacteria; (B) yeast; (C) carbohydrate; (D) dry matter; (E) fat; (F) pH
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The fat content of three beverages did not differ significantly (p > 0.05) from the fat content of
the substrates (milk, whey and soymilk) (Figure 1.E). This finding was consistent with reports
by other researchers (Gambelli et al., 1999; Huerta-Gonzalez and Wilbey, 2001; Walstra and
Jenness, 1987), who observed that in macro nutritional terms, the nutritional composition of
fermented milks, including the fat content, was the same as that of the source beverage.
There was a sharp decrease of around 2 pH units during fermentation in all three beverages.
As already related above, the lactic acid bacterial population declined with time, which is why
the kefir did not become more acidic (Figure 1.F). Collar (1996) found that lactic acid bacteria
multiply and produce lactic and acetic acids more slowly in mixture with yeasts than in pure
culture (Collar, 1996). The percentage of added kefir grain inoculate did significantly (p <
0.05) affect the pH values as reported by Irigoyen et al. (2003), who recorded significant
differences during kefir manufacture influenced by the percentage of added kefir grain
inoculate.

CONCLUSIONS

This study evaluated chemical and microbiological changes during the fermentation and cold
storage of beverages made from camel, goat and bovine whey using kefir starter culture.
During the fermentation, carbohydrate content (w/w) and pH decreased markedly, but dry
matter and fat content of the beverages were not significantly different from dry matter and
fat content of the substrates. The changes in beverage properties manufactured by three
substrates were more or less similar. During 0-4 weeks of storage, level of lactic acid
bacteria decreased although population of yeast increased.
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ABSTRACT

Fruit wines in Serbia have a reputation as a source of good health, immunity and blood count. They
contain a low percentage of alcohol and are consumed as aperitifs. They are considered to contain
haemoglobin precursors as well as oligoelements which are necessary for good health. Inductively
coupled plasma-atomic emission spectrometry (ICP-AES) provides a rapid and precise means of
monitoring elements simultaneously for minor- and trace- levels. The ICP-AES technique is widely
regarded as the most versatile analytical technique in the chemistry laboratory.

The aim was determination of the oligoelements (iron, zinc, copper, chrome, manganese, cobalt)
content in fruit wines, as well as in domestic red grape wines, using ICP-AES spectrometry, and to
compare results obtained. We analysed 4 types of fruit wines (blackberry, raspberry, cherry, apple)
and red wine of various producers, a total of 30 samples. Samples were prepared by microwave
sample digestion. Domestic fruit wines are a good source of oligoelements, as well as some grape
wines from the market. The advantage can be given to fruit wines because of the lower ethanol
content, making them suitable for the general population.

Keywords: fruit wines, oligoelements, ICP-AES

INTRODUCTION

The expansion of nutritional labeling programs and increased costumer interest in nutrition
have created new demands on the food industry to specify the quantity of individual
carbohydrate fractions in fresh and processed foods, rich in minerals (John Howlett, 2008). In
spite of a rich offer of industrially produced wines, there is also a variety of traditionally made
fruit wines. These are made from fresh squeezed fruit, without thermal treatment.

Minerals have many important physiologic functions. They assist in fluid regulation and
energy production, are essential to the health of our bones and blood, and help rid the body
of harmful by-products of metabolism. Minerals are classified according to the amounts we
need in our diet and according to how much of the mineral is found in the body —
oligoelements (trace minerals) and major minerals (Janice et al., 2011).

Inductively coupled plasma-atomic emission spectrometry (ICP-AES) provides a rapid and
precise means of monitoring elements simultaneously for minor- and trace- levels. The ICP-
AES technique is widely regarded as the most versatile analytical technique in the chemistry
laboratory (Bingol et al., 2010).

MATERIAL AND METHODS

Four types of fruit wines were analyzed (blackberry, raspberry, cherry, apple) and red grape
wines of various producers, a total of 30 samples. Samples were prepared in two ways: by
dilution with water to obtain 1% (v/v) ethanol, or microwave sample digestion:

5 g of the sample and 5 mL HNO3 65% were added. A microwave furnace was used for the
digestion and dissolution of the experimental samples. In the method, the samples were
dissolved at 180 °C and 400 psi pressure in apparatus. After further 20 min processing, the
samples were put into 25 mL polyethylene flasks which were made up with deionized water.
The metals were analyzed by ICP-AES (ICAP Series 600 Thermo Fisher scientific). The
calibration curves were constructed using a series of dilutions containing different levels of
metals (0,005 mg/L to 2 mg/L). The reading was made at the emission wavelengths for zinc,
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manganese, iron, copper, chrome and cobalt of 202.548, 257.610, 238.204, 324.754,
267.716 and 238.616 nm, respectively. The results were evaluated according to iTEVA iCAP
Software ICP Spectrometer, and for the comparison of the metal values One-Sample t-test
was used. The method was validated using certified reference material ,Environment
Canada TM-25.3“ (Table 1).

RESULTS AND DISCUSSION

Zinc, manganese, copper, chrome and cobalt contents did not vary significantly in
commercial wines, while iron contents did, depending on type of wine. In fruit wines, contents
of manganese, iron and chrome varied significantly, depending on the origin of wine, while
zinc, copper and cobalt contents showed less variation (Table 2). Certain oligoelement
values are in accordance with their contents in corresponding fruit (Piotz and Jerone, 2007).

There is statistically significant difference in terms of higher zinc and copper contents in fruit
wines, compared to other wines. In terms of average manganese, chrome and cobalt
contents, there is no statistically significant difference. Regarding iron content, average
values differ, but there are significant differences between certain types of fruit wines,

resulting in no statistical significance (Table 3).

Table 1. Method validation using certified reference material ,Environment Canada TM-25.3"

CRM * Mn mg/L Fe mg/L Cu mg/L Cr mg/L Co mg/L
Determined 26.8 27.9 25.1 23.7 30.3
Certificated 25.4+2.54 29.6+4.76 27.6+2.84 24.4+2.13 27.9+2.56

*Environment Canada TM-25.3 lot 0809

Table 2. Content of selected elements in grape wines and fruit wines originating from Serbia

Wines Zn mg/L Mn mg/L Fe mg/L Cu mg/L Cr mg/L Co mg/L
Chardonnay | 1.371 0.928 1.430 0.804 0.104 0.007
1.227 0.778 1.445 0.424 0.084 0.005
1.121 0.754 1.767 0.742 0.094 <0.005
1.043 0.986 1.307 0.876 0.099 <0.005
GraSevina 1.623 0.875 3.157 0.350 0.106 0.009
1.443 0.774 4.123 0.331 0.086 0.005
1.534 0.821 3.572 0.399 0.076 <0.005
0.935 1.069 2.180 0.214 0.121 0.007
1.442 0.733 2.337 0.287 0.104 0.007
Vranac 0.963 1.140 2.926 0.201 0.096 0.006
0.762 0.814 3.216 0.281 0.086 0.005
0.933 0.910 2.426 0.193 0.077 0.006
Prokupac 1.528 1.438 2.364 0.698 0.068 0.006
1.338 1.137 1.742 0.595 0.064 0.007
1.223 0.938 2.554 0.447 0.083 0.008
1.326 1.332 2.068 0.613 0.065 0.005
Fruit wines
Cherry 0.575 3.152 6.065 0.358 0.187 0.011
0.595 3.002 4.064 0.287 0.102 0.005
0.483 2.782 4.534 0.266 0.147 0.006
0.477 2.835 3.675 0.298 0.153 0.007
Rasbery 0.388 0.324 1.147 0.264 0.038 0.005
0.344 0.302 1.237 0.327 0.068 <0.005
0.372 0.287 1.402 0.269 0.059 <0.005
Blackberry 0.563 2.482 2421 0.181 0.106 0.009
0.611 2.683 2.712 0.176 0.091 0.007
0.456 2.724 2.122 0.168 0.094 0.008
Blueberey 0.371 1.378 5.351 0.207 0.102 0.008
0.421 1.189 4.761 0.177 0.082 0.006
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Table 3. Mean content of selected elements in grape wines and fruit wines

Zn mg/L Mn mg/L Fe mg/L Cu mg/L Cr mg/L Co mg/L
Mean values 1.238 1.143 2.392 0.466 0.088 0.006
for grape wines
Mean values 0.404 1.469 2.821 0.213 0.087 0.006
for fruit wines
p <0.01 >0.01 >0.01 <0.01 >0.01 >0.01

p>0.01 — The difference between mean levels of elements determined in the samples prepared by
dilution and those prepared by microwave digestion is not significant

CONCLUSIONS

Fruit wines are a good source of oligoelements, as well as some grape wines from the
market. The advantage can be given to fruit wines because of the lower ethanol content,
making them suitable for the general population, as well as one good excipient for some
supplements.
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ABSTRACT

Bacteria within a biofilm have a distinct phenotype from planktonic cells and generally show higher
tolerance to antimicrobial agents, such as disinfectant treatments and antibiotics. Due to the increased
tolerance against antimicrobial treatments, biofilms are hard to eradicate and they cause all kinds of
problems in medical and industrial settings.

Therefore, the purpose of this study was to examine the influence of Thymus vulgaris essential oil on
the initial adhesion and preformed biofilm of Salmonella Enteritidis. Results for antimicrobial activity of
Th. vulgaris essential oil obtained using broth microdilution method against S. Enteritidis were identical
for all tested isolates (MIC/MFC=0.156/0.3125 yL/mL). In order to understand the anti-biofilm action of
essential oil (EO), its effect was tested on both the initial cell attachment by planktonic cells as well as
on preformed biofilms. Obtained results indicated that the effect of Th. vulgaris essential oil on initial
cell attachment of tested isolates SE4, SE5, SE7 and SE9 was dosage dependent manner, although
even at 0.5xMIC biomass attachment was reduced by 74.2%, 77.7%, 73.6% and 70.1%, respectively.
Fairly high, but not complete, inhibition of cell attachment was achieved using 1xMIC of this EO. Using
1xMIC, biomass attachment of tested isolates SE4, SE5, SE7 and SE9 was reduced for 91.4%,
90.2%, 90.6% and 88.4%, respectively. When the same EO was tested against a preformed biofilm,
its inhibitory effect was reduced greatly.

Keywords: Salmonella Enteritidis, biofilm, thymus

INTRODUCTION

The ability of biofilm formation is an ancient property of bacteria (and other prokaryotes) that
represents, from the evolution point of view, the survival strategy in variable and often highly
unfavorable conditions of the environment. Contrary to characteristics that bacteria show
during their growth in the media abounding with nutritive substances, bacteria in biofilms
show different properties in terms of genes expression and growth characteristics. Due to the
presence of these differences, bacteria in biofilms show an increased resistance to
antibiotics and disinfectants and that is why it is almost impossible today to treat infections
caused by biofilms with conventional antibiotics, just as it is not possible to control bacteria in
the hospital environment and places of food production using disinfectants in recommended
concentrations. In medical and industrial microbiology, the concept of biofilms formed by
bacteria was accepted during the 1990s and it is currently one of the greatest challenges in
the field of protection of human health and production of healthy safe food.

A large number of studies confirmed that biofilms formed by bacteria on different surfaces in
food industry plants make a long-term source of contamination of foodstuffs, not only with
bacteria causing their spoilage but also with food-borne pathogen species such as
Salmonella spp., Campylobacter spp., Escherichia coli and Listeria monocytogenes. It is
known that some food-borne pathogens in food production plants may exist throughout
several months, even years. These strains are known as “house strains”, and the assumption
is that the existence of such strains is enabled due to their ability to form biofilms (Mgretrg et
al., 2012). Several studies confirmed the ability of adherence and biofilm formation of food-

158


mailto:ivana.cabarkapa@fins.uns.ac.rs

Il International Congress “Food Technology, Quality and Safety”

borne pathogens on different types of materials that are usually used in food industry
(Stepanovi¢ et al., 2003; Lapidot et al., 2006; Vestby et al., 2009; Valeriano et al., 2012).
Biofilms of food-borne pathogens are found on conveyer belts, cutting and packing machines
and other surfaces that get in contact with food. Having in mind the consequential effect that
biofilm formation may have in food industry, the biofilm control in food industry plants
becomes the imperative in production of healthy safe food.

The efficiency of disinfectants and recommended concentration are the results of tests
conducted on broth bacteria cultures. While their application on broth cultures is efficient up
to 100% (Levi¢ et al., 2011; Cabarkapa et al., 2012) the application of the same
concentrations on bacteria in biofilms shows inefficiency so that their elimination requires
much larger concentrations. Because of these properties of biofilm-associated cells there is a
large and increasing interest in substances, which inhibit specific processes in the initial
phase of biofilm formation and therefore prevent the formation of mature biofilms with its
elevated resistance against biocides and disinfectants (Szczepanski and Lipski, 2014). A
large number of research are based on finding the potential biological solutions for biofilm
prevention and elimination that include antimicrobial compounds of plant origin (Jadhav et
al., 2013), enzymes, phage, inter-species competitors, or antimicrobial compounds produced
by microorganisms (Simdes et al., 2010).

This study was aimed to evaluate the influence of Th. vulgaris essential oil on initial cell
attachment and preformed biofilm of Salmonella Enteritidis.

MATERIAL AND METHODS

Plant material

Plant material Thymus vulgaris used in this study was obtained from Institute of Medicinal
Plant Research Dr. Josif Panci¢, Belgrade, Serbia and voucher specimen was deposited in
the herbarium of the Institute of Medicinal Plant Research Dr. Josif Panci¢.

Isolation of the essential oil

The essential oil (EO) was isolated from dried plant material (100g) by hydro-distillation
according to the standard procedure. Distillation was performed using Clevenger type
apparatus, for 4 hours. The resulting EO was dried over anhydrous sodium sulfate and
stored in sealed dark vials at 4°C. The yield of EO was expressed in volume percent (% v/w)
that was calculated relative to 100 g of dried plant material.

Microorganisms

A total of four S. enterica strains of serovar Enteritidis (SE4, SE5, SE7 and SE9) were used
in this study. Strains were isolated from fecal samples obtained from the Veterinary Institute
in Kraljevo. Serological typing and verification of Salmonella isolates was carried out in the
National Reference Laboratory for Salmonella, Shigella, Vibrio cholera and Yersinia
enterocolitica, Institute of Public Health of Serbia “Dr Milan Jovanovic Batut’, Belgrade,
Serbia.

Preparation of bacterial suspension

S. Enteritidis isolates were cultured on Tryptone Soya Agar (TSA) at 37°C for 24h. The
bacterial inoculates were prepared using 18h old cultures and suspensions were adjusted to
0.5 McFarland standard turbidity.

Resazurin powder preparation

A stock solution of the resazurin sodium salt (7-Hydroxy-3H-phenoxazin-3-one 10-oxide,
Himedia) powder was prepared in sterile distilled water, concentration 0.01%. It was filter-
sterilized and kept at 4°C.
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Broth microdilution method

Broth microdilution method was used to determine the minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC) according to the National Committee
for Clinical Laboratory Standards (NCCLS, 2002), with some modifications. The bacterial
inoculates were prepared using overnight cultures and suspensions were adjusted to 0.5
McFarland standard turbidity.

All tests were performed in MHB (Muller-Hinton Broth, LabM). Propylene glycol (2 - (2 -
hydroxypropoxy) - 1-propanol) was used to dissolve the EO and then diluted to the
concentration (50 — 0.024 ul/mL). Twenty microliters aliquots of the EO were added to 96-
well microtitre plates, in geometric dilutions, ranging from 50 to 0.024 pl/mL. Afterwards,
aliquots of 160 pL of MHB, were added into each well. As the final step, 20 pL of 2x10°
cfu/mL (according to 0.5 Mc Farland turbidity standards) of standardized bacterial
suspensions were inoculated into each microplate. The test was performed in a total volume
of 200 pL in each well with final EO concentrations of 5 — 0.0024 ul/mL. Plates were
incubated at 37°C for 24 hours. The same tests were performed simultaneously for growth
control (MHB + test organism) and sterility control (MHB + test oil).

After 24h of incubation, 20 uL of the resazurin solution (0.01%) was added to each well and
the plate was incubated 6h at 37°C. After visual examination the plates were additionally
incubated for 18h. A change of color from blue (oxidized) to pink (reduced) indicated the
growth of bacteria. The MIC was defined as the lowest concentration of EO that prevented
this change in color.

Referring to the results of the MIC assay, the wells showing complete absence of growth
were identified and 100 pL solutions from each well was transferred to Plate count agar
plates (PCA, LabM) and incubated at 37°C for 24 hours. The MBC was defined as the lowest
concentration of the EO at which 99.9% of the inoculated microorganisms were killed.

Inhibition of initial cell attachment

The effect of EO on biofilm formation was evaluated as described by Jadhav et al. (2013).
Solutions of EO (equivalent to 0.5xMIC and 1xMIC) were prepared. Twenty microliters of
each solution were added to individual wells of a sterile flat-bottomed 96-well polystyrene
microtitre plates (Greiner Bio-One). Afterwards, aliquots of 160 uL of TSB were added into
each well. As the final step, 20 pL of 2x10° cfu/mL (according to 0.5 Mc Farland turbidity
standards) of standardized bacterial suspensions were inoculated into each well to yield a
final volume of 200 uL in each well. The cultures were added into the wells in quadruplicate.
Control well contained all components except the inoculums (180 ul TSB + 20 ul of specific
concentration of EO diluted in propylene glycol). Positive control well contained 160 ul TSB +
20 pl inoculums (in the same broth) + 20 pl of pure propylene glycol; this control is to reveal
potential effect of solvent propylene glycol on Salmonella growth. Sterility control well
contained 180 pl TSB + 20 pl pure propylene glycol; this control is to reveal possible
contamination of solvents. The plates were sealed and incubated for 48h at 25°C under
sterile conditions to allow cell attachment. Biofilm formation was assessed using the modified
CV assay.

Inhibition of preformed biofilm

The effect of EO on biofilm growth and development was evaluated as described by Jadhav
et al. (2013), with some modifications. Biofilms were allowed to be formed for 48h prior to
addition of EO. Biofilm formation was achieved by transferring 160 pL of TSB into each
microplate, followed by addition of 20 pL of bacterial culture (prepared as described above)
into the wells of sterile flat-bottomed 96-well polystyrene microtitre plates in quadruplicates.
The scheme of control samples was the same as described in previous section.

The microtitre plates were covered and incubated for 48h at 25°C to allow cell attachment
and biofilm formation. Following incubation, 20 pL of each stock solution of EO was added to
each well to yield a final volume of 200 pL. After the treatment of preformed biofilms with EO,
the plates were incubated for 30 and 60 minutes. Following incubation, the biofilms were
assessed for biomass attachment using the modified CV assay.
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Biofilm biomass assay (modified CV assay)
Indirect assessment of cell attachment for S. Enteritidis was evaluated using the modified CV
assay described by Agarwal et al. (2011). Following the 48h incubation (Section Inhibition of
initial cell attachment) and (Section Inhibition of preformed biofilm), culture medium from
each well was gently removed and the plates were washed three times with 250 uL sterile
distilled water to wash away any loosely attached cells. The plates were air dried for 45 min.
The cells in the biofilm were then stained with 250 yL 0.3% CV and incubated at room
temperature for 15 min. The stain was removed by exhaustive washing with distilled water.
The plates were then allowed to dry. In order to quantify adhered cells, 250 uL of decolouring
solution (ethanol/acetone, 80:20%) was added to each well for 15 min. The absorption of the
eluted stain was measured at 595 nm using a microplate reader (ChemWel, Awareness
Technology). The mean absorbance (ODsgs nm) Was used for determining the percentage
inhibition of biomass formation for each concentration of the oil according to the following
equation:

% inhibition = 100 — [{

0D 555 experimental well with components of EO .
* 100

0D 595 control well without components of EQ

Statistical analyses

Statistical analysis was performed by Statistica 12 (StatSoft Inc., Tulsa, Oklahoma). Due to
the size of the sample (n<30), the data from the assays were compared using the
nonparametric Mann-Whitney test. Results were considered to be statistically significant at
p<0.05.

RESULTS AND DISCUSSION

Results for antibacterial activity of Th. vulgaris obtained using broth microdilution method
against S. Enteritidis were identical for all tested isolates (MIC/MBC=0.156/0.3125 pyL/mL).
Between the tested isolates of S. Enteritidis are not established differences in response to
treatment with essential oil. This coincides with the findings of Lu and Wu (2010) who
examined antimicrobial effect of Th. vulgaris essential oil, carvacrol and thymol on four
different serotype of Salmonella enterica: Kentucky, Senftenberg, Enteritidis and
Typhimurium. Obtained results for antimicrobial activity of Th. vulgaris essential oil are
consistent with previous studies (Al-Bayati, 2008; Rota et al., 2008; Roldan et al., 2010;
Stojkovic et al., 2013). These studies reported MIC for serotype Enteritidis that ranged from
0.025 pL/mL (Stankovi¢ et al., 2011) to 0.625 yL/mL (Roldan et al., 2010), whereas MBC for
these serotype ranged from 0.025 pyL/mL (Stankovi¢ et al., 2011) to 1.2 uL/mL (Rota et al.,
2008).

Ability of Salmonella spp. to form biofilms on different surfaces has been demonstrated in
many researches (Stepanovi¢ et al., 2003; Diez-Garcia et al., 2012; Castelijn et al., 2013).
The CV assay indicated that the effect of Th. vulgaris essential oil on initial cell attachment of
tested isolates SE4, SE5, SE7 and SE9 was dosage dependent manner, although even at
0.5xMIC biomass attachment was reduced by 74.2%, 77.7%, 73.6% and 70.1%,
respectively. Fairly high, but not complete, inhibition of cell attachment was achieved using
1xMIC of this EO. Using 1xMIC, biomass attachment of tested isolates SE4, SE5, SE7 and
SE9 was reduced for 91.4%, 90.2%, 90.6% and 88.4%, respectively (Figure 1). These
results are consistent with the results of other researchers (Soni et al.,, 2013; Burt et al.,
2014). Namely, Soni et al., (2013) determined that sub-lethal concentrations up to 0.012%
(approx. 0.12 pL/mL ) of carvacrol, a component of thyme and oregano essential oil,
significantly reduced biofilm formation in three strains of S. Typhimurium. In research of Burt
et al., (2014) significant reduction with carvacrol in S. Typhimurium biofilm formation was
found between 0.75 mM - 1.25 mM (approx 0.11 - 0.19 pyL/mL). Since they determined that
the number of viable bacteria was not reduced using sub-lethal concentrations of carvacrol,
these authors assumed that biofilm development can be inhibited without reducing bacterial
viability, and that a mechanism other than growth inhibition or bacterial cell death may be
involved in this antibiofilm activity of carvacrol. More recent studies show that carvacrol
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reduces bacterial motility at sub-lethal concentrations owing to their ability to interfere with
the quorum sensing (QS) signaling mechanism between bacterial cells, thereby also
reducing the capacity for biofilm formation (Inamuco et al., 2012; Burt et al., 2014). But
precise mechanism by which carvacrol inhibits enlargement of biofilm has not yet been fully

established.
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Figure 1. Effect of different concentrations of Th. vulgaris essential oil (expressed as percentage
inhibition of biofilm formation) on initial cell attachment of tested isolates S. Enteritidis

(SE4, SE5, SE7 and SE9)

Effect of tested concentrations of Th. vulgaris essential oil (0.5xMIC and 1xMIC) on pre-
formed biofilms of tested isolates S. Enteritidis SE4, SE5, SE7 and SE9 is shown in Figure 2

and 3.

Following the first 30 minutes of incubation, preformed biofilm of tested isolates S. Enteritidis
SE4, SE5, SE7 and SE9 with Th. vulgaris essential oil, only 27.8%, 18.5%, 19.4% and
28.1% inhibition occurred at 0.5xMIC level, respectively (Figure 2), while 1xMIC of this EO
reduced preformed biofilm for 50.0%, 35.5%, 38.9% and 51.8%, respectively (Figure 3).
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Figure 2. Effect of 0.5 MIC Th. vulgaris essential oil (expressed as percentage inhibition of biofilm
formation) on preformed biofilm (48h) of tested isolates S. Enteritidis (SE4, SE5, SE7 and SE9)
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After 60 minutes of incubation with Th. vulgaris essential oil with the preformed biofilm of S.
Enteritidis tested isolates (SE 4, SE5, SE7 and SE9), only 33.7%, 23.8% 22.5% and 38.4%
inhibition occurred at 0.5xMIC level, respectively (Figure 2). Likewise, inhibition of biofilm
formation at 1xMIC was slightly higher than at 0.5xMIC, and amounted 54.0%, 40.7%,
41.8% and 51.8%, respectively (Figure 3).

Percent inhibition of preformed biofilms did not rise significantly after periods longer than 30
min (p<0.05) (Figure 2 and 3).
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Figure 3. Effect of 1xMIC Th. vulgaris essential oil (expressed as percentage inhibition of biofilm
formation) on preformed biofilm (48h) of tested isolates S. Enteritidis
(SE4, SE5, SE7 and SE9)

% inhibition

The ability of biofilm production by isolates applied in this study was previously
characterized. Isolates SE4 and SE9 were characterized by moderate biofilm production
whereas the phenotype on Congo red agar corresponded with BDAR (brown, dry, and rough)
morphotype. SE5 and SE7 isolates were characterized by the strong biofilm production and
the phenotype on Congo red agar corresponded with RDAR (red, dry, and rough)
morphotype (data not shown). A large number of studies have reported that extracellular
matrix component of Salmonella biofilm, cellulose, is an important characteristic for
extracellular survival and is directly responsible for resistance to different antimicrobials
(Solano et al., 2002; White et al., 2006). We noticed slightly lower percentage of inhibition of
the isolates SE5 and SE7 for which we previously established to produce cellulose in biofilm
matrix (RDAR morphotype), while the production of cellulose in the matrix of the biofilm was
not determined (BDAR morphotype) for the isolates SE4 and SE9.

Overall, the data presented here show that resistance of a preformed biofilm can be
associated with the presence of production of extracellular polymeric substance or biofilm
matrix. The extracellular matrix limits the penetration of antimicrobial agents into the biofilm.
This is partly due to diffusion limitation caused by the 3-dimensional structure, but primarily
because of absorption or reaction of the antimicrobial agent with extracellular matrix
components. This takes place at the outer part of the biofilm and neutralizes the antimicrobial
agent. Therefore the innermost bacterial cells of the biofilm are not reached by the
antimicrobial agent and survive the treatment. Another factor which may contribute to this
increased resistance is that the majority of antimicrobial compounds are more effective
against actively growing cells. The cells in a biofilm have a poor growth rate due to lack of
nutrients and oxygen, which may reduce the antimicrobial effects of compounds against
them (Sandasi et al., 2010).
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CONCLUSIONS

Present investigation demonstrated that Th. vulgaris essential oil is effective not only on
planktonic cells but also on biofilms of S. Enteritidis. Overall, essential oil of Th. vulgaris was
found to be more effective in inhibiting initial cell attachment compared to preformed biofilms.
Due to excellent inhibitory effect of Th. vulgaris essential oil on initial cell attachment, the use
of this essential oil and its components with a view to preventive inhibition of biofilm
formation is a promising approach. Essential oil and its components would allow inclusion of
these compounds in novel pharmaceutical products, disinfectant and sanitizer formulations.
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ABSTRACT

By-products of vegetable, fruit and oilseed processing industry can been utilized for fortification of
gluten-free products which, although being essential for people with celiac disease, usually lack
important nutrients. However, their presence in gluten-free bakery formulations is often associated
with negative technological quality of final product. According to recent studies, different hydrocolloids
can be used as gluten mimetics. Due to the fact that feasibility of the most of them has already been
investigated, the aim of this study was to test the role of starch sodium octenyl succinate (OSA starch)
as gluten-free bread improver.

Therefore, in order to obtain both nutritionally and technologically improved gluten-free bread, a
formulation in which up to 20% of rice flour was substituted with hemp seed meal (a by-product of cold
pressed hemp seed oil processing) and up to 5% of single and dual modified OSA starches was
developed. Obtained gluten-free mixture was tested for nutritional and rheological properties, as well
as for quality attributes (specific volume, texture, crumb structure, sensory properties).

All samples with added hemp flour had much better nutritional quality than the one of solely rice flour
in terms of higher protein, crude fibers, minerals, and essential fatty acids content. On the other hand,
addition of pregelatinized OSA starch contributed to increased water absorption and viscosity of
gluten-free batter in comparison to control sample. Moreover, gluten-free breads containing OSA
starches have shown superior properties in term of specific volume and crumb texture. Developed
gluten-free formulation was sensory acceptable, since addition of hemp flour contributed to pleasant
nutty flavor.

Keywords: hemp processing by-products, OSA starch, gluten-free bread

INTRODUCTION

There is a trend in utilizing by-products of vegetable, fruit and oilseed processing industry for
improving nutritional characteristic of different food products. Vergara-Valencia et al. (2007)
demonstrated that mango dietary fiber concentrate from unripe fruit can be applied as bakery
product ingredient in order to increase its antioxidant capacity. Moreover, apple pomace, a
by-product of apple juice industry, can be used as a as a source of dietary fiber and
polyphenols in cake production (Sudha et al., 2007), while raspberry (Goérecka et al., 2010),
white grape (Mildner-Szkudlarz et al., 2013) and blueberry (MiSan et al., 2014) pomace were
used for cookies enrichment. Citrus by-products (lemon albedo and orange dietary fiber
powder) were added to cooked and dry-cured sausages to increase their dietary fibers
content (Ferndndez-Lopez et al., 2004), while orange juice fibers (peel, pulp and seeds) were
used as a fat replacer in ice cream (Crizel de Moraes et al., 2013).

This is especially important for gluten-free bakery formulations which, although being
essential for people with celiac disease, usually lack important nutrients (Torbica et al.,
2010). However, addition of food industry by-products in bakery formulations is often
associated with negative technological quality of final product. Investigation performed by
Arora and Camire (1994) revealed that muffins with potato peels, although being significantly
enriched with fiber content, were darker, lower in height, and more resistant to compression.
According to recent studies, different hydrocolloids can be incorporated into gluten-free
bakery products in order to increase their quality characteristics, since they can act as gluten
mimetics (Lazaridou et al., 2007).
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Due to the fact that there are a numerous published papers regarding the implementation of
different hydrocolloids as gluten mimetics, this research will focus on investigation of starch
sodium octenyl succinates (OSA starch) as gluten-free bread improvers. The aim of this
study was to obtain both nutritionally and technologically improved gluten-free bread based
on rice flour enriched with hemp seed meal (a by-product of cold pressed hemp seed oil
processing) and up to 5% of single and dual modified OSA starches. In order to indicate the
role of rice flour substitution with hemp meal, nutritional profiles of both rice flour as well as
hemp meal were determined. Moreover, dough rheological properties of obtained gluten-free
mixtures as well as bread quality characteristics (specific volume, texture, crumb structure,
sensory properties) of the final products were estimated.

MATERIAL AND METHODS

Material

Hemp cake, representing a by-product which remains after hemp seed oil cold-pressing, was
donated by Svet konoplje, Kisa&, Serbia. Hemp flour was prepared by grinding hemp cake
using Foss Knifetec 1095 (FOSS, Hillergd, Denmark). Ground hemp meal was separated
into two fractions >350 um and <350 um using a Universal Laboratory Sifter (Buhler AG,
Uzwil, Switzerland) and the fraction below 350 um was used for breadmaking.

The starch sodium octenyl succinate (C*EmTex 06328 — OSA MOD) and pre-gelatinized
starch sodium octenyl succinate (C*EmTex 12688 — Pregel OSA MOD) were provided from
Cargill, France. Salt, sugar, margarine and fresh yeast were purchased in local store.

Methods

Chemical analysis of flour

Protein, fat (total, saturated, and unsaturated), reducing sugar and crude fiber content was
determined according to the standard AOAC methods (AOAC, 2006), while starch content
was measured according to ICC standard (ICC, 1994). Mineral content of the samples (Na,
Mg, Ca, Mn, Fe, Cu and Zn) was determined using atomic absorption spectrometer (Varian
Spectra AA 10, Varian Techtron Pty Limited, Australia) equipped with flame furnace and
operated with air-acetylene flame. Samples were prepared in two-step procedure using
microwave oven (Milestone, Italy) and digested with nitric acid and hydrogen peroxide.

Breadmaking procedure

Control flour mixture consisted of 80% rice flour and 20% of hemp flour, while in other tested
flour mixtures 5% of rice flour was substituted with 5% of OSA MOD or with 5% of Pregel
OSA MOD, respectively. All other ingredients, including water were added calculated on a
flour mixture mass (100g): margarine (4%), sugar (4%), salt (3%), fresh yeast (3%) and
water 80%. Bread doughs, i.e. batters were prepared by mixing all ingredients with a 4-speed
mixer (Gorenje MRP 275 EA, Slovenia) for 2 min. After that, fresh yeast was also added and
mixed for additional 2 min. 120g of dough was then transferred into greased tin pans (90x60
mm in top, 80x50 mm in bottom and 50 mm in height) and proofed for 30 min at 30 °C and
the relative humidity of 85 % for final fermentation. The baking tests were conducted at 230
°C using laboratory baking oven (MIWE Condo, Michael Wenz, Germany) until mass loss of
10%. After the baking procedure, loaves were removed from the pans and left to cool down
for 2 h at 20°C and finally they were sealed in polyethylene bags prior bread quality
determination.

Rheological properties of dough

Rheological measurements were conducted using Haake MARS rheometer (Thermo
Scientific, Karlsruhe, Germany) equipped with cylinder sensor system Z20 DIN (bob diameter
= 20 mm and inner cup diameter = 21.7 mm, gap 4.20 mm). Flow curves were recorded at
30 °C using a hysteresis loop method (shear stress versus shear rate) which was performed
in the range of shear rate 0—100 1/s. Shear rate was increased to 100 1/s linearly during 2
min, afterwards it was held on 100 1/s for 2 min, and finally it was decreased to 0 1/s linearly
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for 2 min. Obtained hysteresis area, representing a measure of structural breakdown, was
determined using the following equation:

Hysteresis loop area (A) = Ayp - Adown (1)

where A, and Agwn are obtained surface areas under the ascending and descending flow
curves, respectively. All the rheological measurements were performed in duplicates.

Bread quality characterization

Bread specific volume was determined in triplicates using VolScan Profiler 600 (Stable Micro
Systems, UK).

Textural properties, i.e. breadcrumb firmness of the tested samples were investigated using
Texture analyzer TA.XPplus (Stable Micro Systems, UK) equipped with a 30-kg load cell.
Since the final product was smaller than the standard bread loaf, the modified standard
method for determination of bread firmness AACC (74-09) was performed. Modification
involved investigation of the breadcrumb textural properties using P/0.5 inch (d=12.7 mm)
diameter cylinder probe instead of P/36R (d=36 mm). Textural properties were determined 2
h after baking and storage at room temperature on four slices of the each loaf and the
obtained results were expressed as the hardness of the final product. Measurements were
performed in compression mode using following settings: pretest speed 1 mm/s; test speed
1.7 mm/s and post-test speed 10 mm/s and strain 40%.

Bread crumb digital image analysis was performed after 8 h of storage, on four slices per
loaf, according to Dapcevi¢ Hadnadev et al. (2014). For the particle size measurements the
cell was defined as any form larger than 0.05 mm?.

Sensory analysis

A sensory analysis was performed 2 h after baking by 20 untrained panelists. The following
sensory attributes were evaluated: taste, appearance, softness and flavor using 5 - point
hedonic scale (1 - Dislike very much, 2 - Dislike moderately, 3 - Neither like or dislike, 4 -
Like moderately, 5 - Like very much).

Statistical analysis

All analyses were performed in replicates and the mean values with the standard deviations
are reported. Analysis of variance and Tukey’s multiple range test were performed using
Statistica 10.0 (Statsoft, Tulsa, OK). Means were considered significantly different at p<0.05.

RESULTS AND DISCUSSION

Nutritional profiles of rice and hemp flour, used for gluten-free bread making, are presented
in Table 1. The obtained results indicate that substitution of rice flour with hemp flour will
result in higher protein and fat content and lower carbohydrate content of final product. This
bread will also be a rich source of dietary fibers. The consumption of 100 g of this product
daily will satisfy a 10% of EFSA dietary reference values for fibers (EFSA, 2010), since EFSA
Panel considers dietary fiber intakes of 25 g/day to be adequate for normal laxation in adults.
The hemp flour can also be considered as a rich source of macro- and micro-elements.
According to Serbian legislative (based on European Union Directive), reference daily intake
for Ca, Mg, Fe, Zn, Mn and Cu are 800, 375, 14, 10, 2 and 1 mg, respectively, meaning that
100 g of this gluten-free bread contains Ca, Mg, Fe, Zn, Mn and Cu in an amount which
represents 5.7, 15.7, 20, 9.2, 81 and 22.8% of their reference daily intake, respectively.
These values indicated that this product could have a food label with nutritional claims: "a
source of Mg, Fe and Cu" and "high Mn". Hemp flour can be also considered as a rich source
of polyunsaturated fatty acids, since they comprise 74.6% of total fatty acids.
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Table 1. Nutritional value of rice and hemp flour

Nutrient content Rice flour Hemp flour
Total fat, g/100g 1.26 14.3
Saturated fat, g/100g 0.41 1.7
Monounsaturated fat, g/100g | 0.46 1.9
Polyunsaturated fat, g/100g 0.39 10.7
Total carbohydrate, g/100g 80.3 31.7
Dietary fibre, g/100g 2.5 10.7
Sugars, g/100g 0.12 3.6
Protein, g/100g 5.7 36.0

Ca, mg/100 g 9.7 341
Mg, mg/100 g 33.9 351
Na, mg/100 g n.d. 9.21
Fe, mg/100 g n.d. 22.11
Zn, mg/100 g 0.7 4.77
Mn, mg/100 g 11 8.94
Cu, mg/100 g n.d. 1.48

Concerning the gluten-free bread technological quality, formulation containing 80% rice flour
and 20% hemp flour (calculated on flour basis) resulted in viscous batter which expressed
thixotropic behavior (viscosity at 100 s-1 = 3.171 Pas and hysteresis loop area (A) =2818
Pa/s). Addition of OSA MOD slightly decreased viscosity (2.770 Pas) and hysteresis loop
area (2713 Pa/s) values, while presence of Pregel OSA MOD significantly increase both
viscosity (9.572 Pas) and thixotropy (48470 Pa/s) values. This was influenced with increased
water absorption capacity of Pregel OSA MOD (Dapcevi¢ Hadnadev et al., 2014).

Influence of OSA starch addition on gluten-free bread quality was determined by measuring
their specific volume and breadcrumb texture and structure. The obtained results are
summarized in Table 2.

Table 2. Bread quality parameters

Sample Control OSA MOD Pregel OSA MOD
Specific volume (cm’/g) 1.595+0.004° 1.623+0.003" 1.743+0.003°
Bread crumb hardness (g) 2059.95+41.66° 1506.93+59.35" 718.59+67.11°
Cells/cm?® 40.36+1.73° 41.40+1.49° 34.94+3.64°
Mean cell area (mm?) 0.883+0.048% 0.848+0.025° 1.080:+0.146"
Cell/total area’ratio (%) 35.55+0.56% 35.06+0.61°% 37.32+1.24°

Values are the meanzstandard deviation. Values followed by the same letter in the row are not
significantly different (p>0.05)

In general, the addition of OSA starches resulted in specific volume increase and hardness
decrease and this effect was more pronounced for Pregel OSA MOD. Concerning crumb
grain features, the addition of Pregel OSA MOD significantly affected cell size and
distribution, i.e. the breadcrumb pores were larger and therefore the structure was less
dense which was in accordance with the results of texture analysis and specific volume.
Finally, the sensory analysis revealed that there were no significant differences between
tested samples concerning taste (3.02-3.26) and flavour (3.91-4.12), while bread with Pregel
OSA MOD was characterized with the highest scores for softness (4.3) and appearance
(3.5). Although the addition of hemp flour contributed to pleasant nutty flavour, lower scores
for taste were influenced by slight bitterness which is uncommon for bread.

CONCLUSIONS

According to determined nutritional profiles of rice and hemp flour, it was concluded that
partial substitution of rice flour with hemp flour resulted in gluten-free bread of significantly
improved protein, dietary fiber, polyunsaturated fatty acids and mineral content. Further
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substitution of rice flour with OSA starches (especially pregelatinized OSA starch) yielded
gluten-free bread of improved quality characteristics concerning bread specific volume and
crumb texture, which was influenced with altered rheological properties of dough prepared
from formulation containing pregelatinized OSA starch.

ACKNOWLEDGEMENTS

This study was financially supported by the Ministry of Education, Science and Technological
Development, Republic of Serbia (project no. 11146001).

REFERENCES

Arora, A., Camire, M.E. (1994). Performance of potato peels in muffins and cookies. Food Research
International, 27, 15-22.

Crizel de Moraes, T., Jablonski, Rios de Oliveira, A., Rech, R., Fléres Hickmann, S. (2013). Dietary fiber from
orange byproducts as a potential fat replacer. LWT-Food Science and Technology, 53, 9-14.

Dapcevi¢ Hadnadev, T., Dokic, Lj., Hadnadev, M., Poji¢, M., Torbica, A. (2014). Rheological and breadmaking
properties of wheat flours supplemented with octenyl succinic anhydride-modified waxy maize starches.
Food and Bioprocess Technology, 7(1), 235-247.

EFSA (European Food Safety Authority). (2010). Scientific Opinion on Dietary Reference Values for
carbohydrates and dietary fibre. The EFSA Journal, 8(3), 1462.

Fernandez-Lopez, J., Fernandez-Ginés, J.M., Aleson-Carbonell, L., Sendra, E., Sayas-Barbera, E., Pérez-
Alvarez, J.A. (2004). Application of functional citrus byproducts to meat products. Trends in Food Science
& Technology, 15, 176-185.

Gorecka, D., Pachotek, B., Dziedzic, K., Gérecka, M. (2010). Raspberry pomace as a potential fiber source for
cookies enrichment. ACTA Scientiarum Polonorum Technologia Alimentaria, 9, 451-461.

Lazaridou, A., Duta, D., Papageorgiou, M., Belc, N., Biliaderis, C.G. (2007). Effects of hydrocolloids on dough
rheology and bread quality parameters in gluten-free formulations. Journal of Food Engineering, 79, 1033—
1047.

Mildner-Szkudlarz, S., Bajerska, J., Zawirska-Wojtasiak, R., Gorecka, D. (2013). White grape pomace as a
source of dietary fibre and polyphenols and its effect on physical and nutraceutical characteristics of wheat
biscuits. Journal of the science of food and agriculture, 93(2), 389-395.

Misan, A., Sari¢, B., Nedeljkovi¢, N., Pestori¢, M., Jovanov, P., Poji¢, M., Tomi¢, J., Filipev, B., Hadnadev,
M., Mandi¢, A. (2014). Gluten-Free Cookies Enriched with Blueberry Pomace: Optimization of Baking
Process. World Academy of Science, Engineering and Technology, International Journal of Agricultural,
Biosystems Science and Engineering, 8(4), 10-13.

Sudha, M. L., Baskaran, V., Leelavathi, K. (2007). Apple pomace as a source of dietary fiber and polyphenols
and its effect on the rheological characteristics and cake making. Food Chemistry, 104, 686-692.

Torbica, A., Hadnadev, M., Dapc&evi¢, T. (2010). Rheological, textural and sensory properties of gluten-free
bread formulations based on rice and buckwheat flour. Food Hydrocolloids, 24 (6-7), 626-632.

Vergara-Valencia, N., Granados-Pérez, E., Agama-Acevedo, E., Tovar, J., Ruales, J., Bello-Pérez, L.A.
(2007). Fibre concentrate from mango fruit: Characterization, associated antioxidant capacity and
application as a bakery product ingredient. LWT-Food Science and Technology 40, 722-729.

170



Il International Congress “Food Technology, Quality and Safety”

DEAERATION METHOD FOR IMIDACLOPRID DETERMINATION ON GLASSY
CARBON ELECTRODE

Ana Burovi¢'*, Zorica Stojanovi¢', Nada Grahovac?, Snezana Kravié', Zvonimir Suturovic',
Jaroslava Svarc-Gaiji¢', Spasenija Milanovié

'Faculty of Technology, University of Novi Sad, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia
%Institute of Field and Vegetable Crops, Maksima Gorkog 30, 21000 Novi Sad, Serbia

"Corresponding author:
E-mail address: djurovic.ana@tf.uns.ac.rs

ABSTRACT

In this work deaeration methods were investigated for chronopotentiometric determination of pesticide
imidacloprid  [1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine] on glassy carbon
electrode. As a supporting electrolyte, a Britton-Robinson buffer was used. All investigations were
carried out in model systems. Cathodic peak of imidacloprid could not be registered only in Britton-
Robinson buffer, due to electrochemical reduction of dissolved oxygen. For this reason, it was
necessary to investigate different deaeration methods for removing oxygen from the solution. Within
this, deaerations by various reductants and by passing a nitrogen stream were compared. Investigated
reductants were sodium sulfite, ascorbic acid, oxalic acid, potassium bromide and sodium bromide.
Combinations of a certain reductant and nitrogen were compared as well. Addition of a saturated
solution of sodium sulfite directly in the tested solution proved as the best deaeration method. This
method provided fast deaeration step as it took less than a minute for completely removing the
oxygen. An optimal concentration of the solution of sodium sulfite was also investigated.
Concentrations of sodium sulfite were tested in the range of 0.6 g/dm3 to 230 g/dm3. Considering the
height of the analytical signal and its reproducibility, concentration of 8.8 g/dm3 showed as optimal.
This method could be applied for the determination of imidacloprid in commercial formulations and
some real samples.

Keywords: imidacloprid, glassy carbon, deaeration method

INTRODUCTION

Imidacloprid belongs to group of neonicotinoids, relatively new group of insecticides,
characterized by low toxicity to warm-blooded animals, and good efficiency against potato
beetle, thrips, aphids, as well as many other insects (Sovljanski and Lazié, 2007). Its specific
mode of action interrupts nervous functions of insects, which brings to paralysis and death
(Sovljanski and Lazi¢, 2007). Wider application of imidacloprid leads to its more frequent
occurance in food and environment, which imposes development of rapid and simple
methods for its detection.

In this work, chronopotentiometric determination of imidacloprid on a glassy carbon electrode
as a working electrode was proposed. This electrochemical method is based on
oxidation/reduction of the analyte on the electrode surface, in steady solution with the
constant current. Qualitative and quantitative characteristics of the analyte were obtained by
measuring the oxidative/reductive potential and oxidative/reductive time. Given that
imidacloprid in its structure has a nitro group, it reduces in two steps. The first step is based
on irreversible reduction of nitro group to hydroxylamine and then to the corresponding
amine in the second step (Guiberteau et al., 2001). In previous research on reduction of
imidacloprid on glassy carbon electrode, when voltammetry was used, only one reduction
peak could be registered at -1,2 V (vs. saturated calomel electrode) (Guzsvany et al., 2005).
Electrochemical detection of imidacloprid was not possible without previous deaeration of the
tested solution, due to reduction of dissolved oxygen on the working electrode, resulting in
high residual current, which interfered with the measurement of many reducible analytes
(Walace, 1985; Wang, 2006). In addition, species that were formed during this reaction (H,O,
and OH") might affect the electrochemical process being studied (Walace, 1985).
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There are many different methods for removing dissolved oxygen. Currently, the most
popular method is purging samples with an inert gas, usually nitrogen. Time of purging
depends on the volume of the solution, flow rate and bubble size of deaeration gas, and
technique that is used. Deaeration step by inert gas usually lasts 10-15 minutes.

Another method of oxygen removal is chemical deaeration, by adding reductant in the tested
solution, which will react with dissolved oxygen from the solution. Addition of sulfite ion
represents the oldest method for oxygen removal. Due to electroactivity of the sulfite ion at
pH = 7, this procedure is not commonly used in analytical practice (Walace, 1985).

According to literature, standard deaeration method that is used within different
electroanalytical methods for pesticides determination is passing a nitrogen or argon stream
(El-Shahawi and Kamal, 1998., Farzinnejad et al., 2005; Guibertau et al., 2001; Guzsvany et
al., 2005; Pushpalatha et al., 2011; Pushpalatha et al., 2013; Navalén et al., 1999; Nigovic et
al., 2011; Papp et al., 2010; Papp et al., 2011; Papp et al., 2009; Zuman et al., 2000). This
deaeration method is time consuming, as it lasts up to 15 minutes, much longer than the
analysis. Nowadays, the development of rapid and simple deaeration method is necessary.
Therefore, in this study, different deaeration methods for chronopotentiometric determination
of imidacloprid were compared. Investigation included comparison of passing a nitrogen
stream, addition of different reductants, combinations of certain reductants, and combination
of nitrogen and reductant.

MATERIAL AND METHODS

Apparatus

All chronopotentiometric experiments were carried out by automatic system for
potentiometric and chronopotentiometric stripping analysis, constructed by our laboratory.
Electrochemical cell consisted of three electrodes and electrical stick stirrer. Glassy carbon
disc electrode was used as a working electrode (total surface area of 7.07 mm?), a platinum
wire (¢=0.7 mm, I=7mm) served as a counter electrode, and Ag/AgCl (KCI, 3.5 mol/dm?®) was
used as the reference electrode. The three-electrode system and electrochemical stick stirrer
were placed in a process glass. It was a glass vessel of 50 cm?, with tapered bottom. Before
each measurement, the surface of the glassy carbon was washed with acetone and doubly
distilled water. All measurements were carried out at room temperature (23 = 2 °C). All
values of the potential were shown versus Ag/AgCl (KCI, 3.5 mol/dm®) reference electrode.

Reagents and solutions

All chemicals used were of analytical reagent grade purity. For all dilutions and dissolutions
doubly distilled water was used. Stock solution of imidacloprid (0.4 g/dm®), was prepared by
exact weighing of the reagent (Bayer AG, Leverkusen, Germany) and dissolution in doubly
distilled water. This solution was stable for a three-week period when stored in the dark at
4°C. Britton-Robinson buffer was used as a supported electrolyte. It was prepared from
equimolar 0.04 mol/dm?® stock solutions of orthophosphoric (Zorka, Sabac, Serbia), boric
(Zorka, Sabac, Serbia) and acetic (Lach-Ner, Brno, Czech Republic) acids. Required pH
value of the buffer (pH 7.5) was set by adding 0.2 mol/dm® sodium hydroxide (Donau
Chemie, Wien, Austria).

General procedure for investigation of deaeration method implied introducing of a certain
volume of analyzed solution (usually 20 cm®) into the process glass, followed by adding
certain mass of reductants, stirring the solution, and after a brake of 10 seconds, the
analytical step was performed from —0.91 V to —1.42 V. The tested reductants were: sodium
sulfite (Centrohem, Stara Pazova, Serbia), oxalic acid (Lachema, Brno, Czech Republic),
ascorbic acid (Lach-Ner, Brno, Czech Republic), potassium bromide (Merck, Darmstadt,
Germany) and sodium bromide (Carlo Erba, Milano, Italy). Combinations of certain
reductants were also investigated. When deaeration was performed by passing a nitrogen
stream, the procedure was similar with the blank (20 cm® of Britton-Robinson buffer).
Deaeration usually lasted for 10 minutes. Any additional measurements in the same solution
implied additional deaeration for 2 minutes.
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RESULTS AND DISCUSSION

At the beginning of the study, preliminary experiments were performed by comparing
chronopotentiogram recorded in supporting electrolyte with a certain amount of various
reductant. After a period of stirring (30-60 s), the analytical step was performed. Afterwards,
certain amounts of standard solution of imidacloprid were added, and analytical signals of
analyte were compared. The first tested reductant was sodium sulfite. After addition of
sodium sulfite, deaeration took only 30 seconds, analysis was fast (1-2 s), and concentration
of 15 mg/dm?® of imidacloprid was detected. Ascorbic acid (Figure 1.a), oxalic acid, potassium
bromide (Figure 2.b) and sodium bromide were not able to completely deaerate the solution,
so analytical signal of imidacloprid could not be registered, even at higher concentrations (40
mg/dm® and 60 mg/dm?). Increasing the amounts of ascorbic acid, oxalic acid and potassium
bromide did not lead to improvements. By increasing the amount of oxalic acid, the pH of the
tested solution was very low (pH 2). At this pH value imidacloprid could not be detected at alll.
When sodium sulfite was added to the solution containing ascorbic acid, sodium bromide or
potassium bromide, the final potential was reached, and concentration of 20 mg/dm?® was
detected. Addition of higher concentrations of sodium bromide in blank was enough for
achieving the final potential of -1.35 V, but the concentration of 20 mg/dm?® of imidacloprid
could not be detected.
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Figure 1. Original chronopotentiograms obtained by deaeration with (a) ascorbic acid, and (b) 8.8
g/dm3 sodium sulfite

When nitrogen was used for deaeration, usual time for deaeration was 10 minutes. Analysis
of the blank was fast (2-3 s), and there were no signals. After addition of standard solution of
imidacloprid, in this case, the analysit had to be very agile, because in a short time when an
airtight apparatus was opened, oxygen re-enetered the system, so additional deaeration for 2
minutes between adding a standard solution was performed. When nitrogen was used for
deaeration, concentration of imidacloprid that was detected was 10 mg/dm3. Sometimes,
analysis of the blank and different concentrations of imidacloprid could not be performed at
all, due to blocking the glassy carbon surface with bubbles of nitrogen (Figure 2.a).

This behavior was similar to the situation when oxygen was present in solution, which led to
blocking of the analyzer at the potential of -1.3 V. After wiping of the glassy carbon surface
with acetone and doubly distilled water, the analysis could be performed, but conditions were
not reproductive, as demonstrated by slightly lower analytical signal. The same thing
happened when the combination of nitrogen stream and certain concentration of sodium
sulfite were studied, but in this case, deaeration lasted only 5 minutes. Considering all these
results, as well as difficulties when nitrogen was used, all reductants, except sodium sulfite,
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were excluded from further research. However, in order to achieve the best sensitivity with
satisfactory reproducibility, it was necessary to investigate an optimal concentration of
sodium sulfite. Saturated solution of sodium sulfite was prepared (230 g/dm?), and different
volumes of this solution were added to the Britton-Robinson buffer. Tested concentrations of
sodium sulfite were in the range: 0.6 to 230 g/dm?, in order to compare analytical signal of
imidacloprid concentration of 15 mg/dm?. The concentration of 0.6 g/dm?® of sodium sulfite
was sufficient for deaeration, but the concentration of 15 mg/dm? of imidacloprid could not be
detected. When only saturated solution of sodium sulfite was used as supporting electrolyte,
concentration of 15 mg/dm?® of imidacloprid was detected, and this solution gave the highest
analytical signal, but also outstretched chronopotentiograms, with very poor reproducibility
(RSD = 19.63%). Results of investigations are shown in Table 1. It is evident that there is no
significant difference in the height of the analytical signals when different concentrations of
sodium sulfite were used. In terms of reproducibility, there was a great difference when
different concentration of sulfite was used. Due to the satisfactory sensitivity and the best
reproducibility of determination, concentration of 8.8 g/dm® of sodium sulfite was accepted as
optimal (Figure 1.b).

Table 1. Overview of the reduction time in function of the concentration of sulfite

Concentration of sodium | Reduction time (s) RSD (%)
sulfite (g/dm?)
0.6 / /
1.1 0.78+0.08* 5.73
1.7 0.78+0.16 10.73
2.3 0.72+0.08 6.21
2.8 0.74+0.10 7.40
3.4 0.72+0.08 6.21
4.0 0.72+0.08 6.21
4.5 0.7+0.00 0.00
6.7 0.88+0.16 9.51
8.8 0.90+0.00 0.00
11.0 0.94+0.22 12.13
57.5 0.78+0.16 10.73
76.7 0.90+0.20 11.11
115.0 0.94+0.18 9.52
230.0 0.98+0.38 19.63
*Xmean+2SD

RSD - Relative standard deviation
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Figure 2. Original chronopotentiograms obtained by deaeration with (a) nitrogen, and (b) potassium
bromide.
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CONCLUSIONS

This study suggests the importance of chemical deaeration for electrochemical determination
of imidacloprid, due to the fact that proper selection of deaeration method can lead to faster
analysis and better reproducibility. When solution of sodium sulfite was used for deaeration,
no blocking the glassy carbon surface was observed. This method is fast as it takes only 30
seconds to completely remove the oxygen from the solution. The proposed deaeration
method can be used for development of chronopotentiometric determination of imidacloprid
on glassy carbon electrode, or some other solid electrode, which can be applied to
commercial formulations and real sample analyses.
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ABSTRACT

Spelt wheat is suitable raw material for flour based product characterized by altered nutritional
characteristics and health benefits compared to conventional wheat products. This paper investigates
rheological methods for determining the quality of 5 different spelt samples of flour as a raw material
for pasta making. Correlation between rheological methods for flour (Mixolab data and Farinogram of
semolina) pasta quality is defined. Sample 1 has the lowest speed of protein network weakening due
to warming -0.053 (Nm/min), the lowest warm paste stability (0.173 Nm/min) and retrogradation of
starch (2.94 Nm) and the best score for semolina farinogram. These data are in direct correlation with
quality of pasta (time of cooking 12 min and adhesiveness 10.25 gsec). Negative correlation between
water absorption and Farinogram of semolina, as well as between water absorption and adhesiveness
was observed (r=-0.98, statistically significant at p<0.01 level), while positive correlation was noticed
between water absorption and gluten strength (r=-0.98, p<0.01). Positive correlation between warm
paste stability and Farinogram of semolina (r=0.98, p<0.01), as well as negative correlation between
warm pasta stability and gluten strength was observed (r=-0.97, p<0.01). Retrogradation of starch and
cooking time are negatively correlated (r=-0.99, p<0.01). Based on the rheological methods such as
Mixolab and Farinogram data quality of pasta can be predicted.

Keywords: Mixolab data, Farinogram of semolina, pasta quality

INTRODUCTION

Spelt wheat shows a very good adaptability, growing without use of pesticides, so it is
suitable as an organic material. Spelt have shown potential in various food applications,
including bread, pasta, breakfast cereal and other products of altered nutritional
characteristics compared to conventional wheat products (Bonafaccia et al., 2000, Bojanska
and FrancCakova, 2002). Rheological methods for flour (Mixolab data and Farinogram of
semolina) are determining the quality of pasta. The Mixolab technique can be considered as
an empirical method that record the dough changes when subjected to large deformations
and to temperature sweeps particularly experienced for characterizing bread dough (Ozturk
et al., 2008, Rosell et al., 2010).

This paper investigates rheology methods (mixolab and alveograph data) of five spelt
samples to define possibility of correlation with the pasta quality.

MATERIALS AND METHODS

Five spelt samples growing in Serbia were used. Dough rheology investigations were
performed by Mixolab (Chopin, Tripette et Renaud, Paris, France). The method was
described by Filipovi¢c et al., (2013). Semolina Farinogram was determined using 50g
Farinograph mixing bowl according to Kaluderski and Filipovi¢ (1998). Pasta was made using
the device "La Parmigiana D45" MAC 60 according the procedure described by Filipovic¢ et
al. (2013). Quality of pasta cooking characteristics (time of cooking) was determined
according to Kaluderski and Filipovi¢ (1998). Textural properties of cooked pasta were
measured with Texture analyzer TA.HD plus (Stable Micro System, U.K.) equipped with a 5-
kg load cell. Adhesiveness was described by Filipovi¢ et al., (2014). Principal component
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analysis (PCA) was applied successfully to classify and discriminate the different samples,
according to technological parameters. The evaluation of principal PCA of the obtained
results was performed using StatSoft Statistica 10.0® software.

RESULTS AND DISCUSSION

Different samples of Spelt flour are used to find relationships between parameters
characterizing the main dough proteins and starch. Correlation is established between
Mixolab parametars (Table 1) and quality of pasta (time of cooking and adhesiveness) (Table
2). In Table 1, there are 5 different samples with diverse physical responses during mixing-
pasting-gelling, which vary substantially from one sample to other. Increasing water
absorption (53.7 %) in sample 1 (Table 1) is in direct correlation with quality of pasta (time of
cooking 12 min and adhesiveness 10.25 gsec) (Table 2). Lowest speed of protein network
weakening due to warming -0.053 (Nm/min), the lowest speed of starch gelatinization (0.173
Nm/min) and retrogradation of starch (2.94 Nm) positive affected on the best score for
semolina Farinogram and quality of pasta (Table 2).

In Table 2, there are five flours of spelt samples with defining quality. There is trend of
increasing of mixing time and gluten strength, reduction of maximum consistency, mixing
tolerance, and dough elasticity between samples 1 to 5 (Table 2).

Table 1. Mixolab properties of different samples of flour

Mixolab data Sample 1 Sample 2 Sample Sample  Sample

3 4 5

Water absorption (WA), % 53.7 52.9 52.8 52.1 50.9
Dough development (DD), min 8.73 8.86 8.93 9.03 10.2
Dough elasticity (DE), Nm 0.05 0.05 0.05 0.05 0.05
Dough stability (DS), min 7.57 8.20 7.67 8.17 6.83
Speed of weakening protein

ngtworks due to Wa?n?ing (SW), Nm/min -0.053 0051 0051 -0.052  -0.049
Maximum torque (MT),Nm 1.37 1.35 154 1.66 1.69
Speed of starch gelatinization (SSG), Nm/min 0.173 0.192 0.219 0.242 0.227
Speed of enzymatic degradation (SED), Nm/min ~ 0.097 0.103 0.089 0.083 0.1
Warm paste stability (WPS), Nm 2.05 2.07 2.16 2.24 2.34
Retrogradation of starch (RS), Nm 2.94 2.95 3.10 3.29 3.38

Sample 1 has the lowest mixing time (4 min), the lowest gluten strength (7.75 min), highest
maximum consistency (560 FU), highest mixing tolerance (1.75 min) and highest dough
elasticity (140 mm). Sample 1 has the best score for semolina Farinogram, while sample 5
has the worst score, which are in direct correlation with quality pasta. Sample 1 has the best
quality of pasta (time of cooking increasing 12 min and adhesiveness reducing 10.25 gsec)
and sample 5 has the worst quality of pasta (time of cooking reducing 7 min and
adhesiveness increasing 33.97 min). Quality and textural of pasta are very important product
attributes which affect on acceptance of the product by the consumers.
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Table 2. Quality of semolina and pasta of different samples of flour

Sample 1 Sample 2 Sample 3 Sample4 Sample 5

Farinogram of semolina, FS

Mixing time (MIT), min 4 4.5 5.5 6 8
Gluten strength (GS), min 7.75 8.5 11 105 12
Maximum consistency (MC), FU 560 500 450 420 340
Mixing tolerance (MTL), min 1.75 1 0.5 0.5 0.5
Dough elasticity (DE ),mm/FU 140 100 100 100 80
Quality/ texture of pasta

Time of cooking (CT), min 12 12 10 7 7
Adhesiveness (AD), gsec 10.25 18.32 22.28 24.12 33.97

Correlation analysis (Table 3), showed that WA is negatively correlated to FS and AD and
positively correlated to GS, statistically significant at p<0.05 level. DD relates to FS, while MT
is in positive correlation to FS and MIT and negative correlation to GS and CT, statistically
significant at p<0.05 level. SSG is negatively correlated to MC and CT, while WPS and RS
are positively correlated to FS, MIT and AD, and negatively correlated to GS and CT.

Table 3. Correlation analysis of Mixolab properties and the quality of semolina and pasta of different
samples of flour

Quality of semolina and pasta of different samples of flour

FS MIT GS MC MTL CT AD

WA -0.98" -0.86 0.98" 0.75 0.87" 0.87 -0.98
p=0.004  p=0.061 p=0.004 p=0.141 p=0.053 p=0.056 p=0.004

DD 0.94° 0.76 -0.87" -0.51 -0.72 -0.70 0.88
p=0.019 p=0.139  p=0.054 p=0.378 p=0.168 p=0.186 p=0.047

DS -0.64 -0.50 0.50 0.09 0.25 0.34 -0.51
@ p=0.241  p=0.386 p=0.391 p=0.887 p=0.680 p=0.573  p=0.385

£ SwW 0.82 0.76 -0.83 -0.66 -0.89 -0.50 0.88
= p=0.087 p=0.139 p=0.086 p=0.224 p=0.042 p=0.394  p=0.050
s MT 0.90° 0.91 -0.91 -0.80 -0.68 -0.99° 0.86"
Ko p=0.037 p=0.031 p=0.031 p=0.107 p=0.206 p=0.002  p=0.060
£ ssG 0.76 0.86" -0.85" -0.93" -0.75 -0.92" 0.81"
= p=0.135 p=0.061 p=0.070 p=0.024 p=0.142 p=0.028  p=0.099
SED -0.08 -0.32 0.16 0.42 -0.01 0.48 -0.07
p=0.896  p=0.600 p=0.795 p=0.483 p=0.986 p=0.412  p=0.907

WPS 0.98° 0.92° -0.97 -0.77 -0.78 -0.95 0.95°
p=0.003  p=0.028  p=0.005 p=0.128 p=0.121 p=0.012  p=0.014

RS 0.95° 0.89° -0.95 -0.76 -0.73 -0.99° 0.91

p=0.015 p=0.044 p=0.015 p=0.135 p=0.164 p=0.002 p=0.034
*Significant at p<0.05 level, **Significant at p<0.10 level, 95% confidence limit

The PCA allows a considerable reduction in a number of variables and the detection of
structure in the relationship between measuring parameters and different samples that give
complimentary information. The full auto scaled data matrix were submitted to PCA. For
visualizing the data trends and the discriminating efficiency of the used descriptors a scatter
plot of samples using the first two principal components (PCs) from PCA of the data matrix is
obtained (Fig. 1). As can be seen, there is a neat separation of the five samples of pasta
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formulations, according to Mixolab properties and the quality of semolina and pasta of
different samples of flour.

Quality results show that the first two principal components, account for 91.64% of the total
variability and can be considered sufficient for data representation. Concerning observed
technological characteristics, WA (with 7.6% contribution based on correlation), WPS (7.9%),
RS (7.5%), FS (7.9%), MT (7.4%), GS (8.1%) and AD (7.9%) contributed the most to first
factor calculation, DD (9.4%), DS (17.0%), SW (10.6%), SSG (10.5%) and SED (37.4%)
contributed more to second factor coordinate calculation. PCA plot also shows the good
correlation between MC and CT, GS, MTL and WA; SW and DD; FS and AD, and also WPS,
MIT and RS. As can be seen (Fig. 1), samples 1 and 2 shows high MC and CT, as well as
GS, MTL and WA values, while samples 3 and 4 exerted somewhat greater SSG and SED
and lesser SED values compared to other samples. Sample 5 shows larger SW and DD, as
well as FS, AD, WPS, MIT and RS values compared to other samples.

S O N W b

Factor 2: 14.76%

48— % 4 =2 0 2 4 6 8

Factor 1: 76.88%

Figure 1. Biplot diagram of semolina and pasta of different samples of flour

CONCLUSIONS

Based on investigated data of five flours samples and mixolab and alveograph data of pasta
quality, it can be concluded:

e Sample 1 has the lowest speed of protein network weakening due to warming -0.053
(Nm/min), the lowest warm paste stability (0.173 Nm/min) and retrogradation of
starch (2.94 Nm) and the best score for semolina Farinogram and quality of pasta.

e Mixolab data, Farinogram data of semolina are in direct correlation with quality and
texture of pasta.

e Sample 1 has the best quality of pasta (time of cooking 12 min and adhesiveness
10.25 gsec) and sample 5 has the worst quality (time of cooking 7 min and
adhesiveness 33.97 gsec).

e Negative correlation was observed: between water absorption and Farinogram of
semolina, water absorption and adhesiveness (r=-0.98, statistically significant at
p<0.01 level), warm pasta stabilty and gluten strength (r=-0.97, p<0.01),
retrogradation of starch and cooking time (r=-0.99, p<0.01)

e Positive correlation was noticed between water absorption and gluten strength (r=-
0.98, p<0.01), warm paste stability and Farinogram of semolina (r=0.98, p<0.01),
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ABSTRACT

Understanding the effect of beneficial microorganisms in maintaining the human health could shed
new light on rare diseases such as inflammatory bowel disease (IBD), irritable bowel syndrome (IBS),
ulcerative colitis, colorectal cancer (CRC), diabetes etc. as well as lead to new therapeutic strategies
for their treatment. Hence, we aim to study the health-promoting potential of natural isolates of lactic
acid bacteria (LAB) originating from traditional dairy products manufactured in households in Western
Balkan Countries (WBC). The ultimate goal is to identify the autochthonous LAB isolates with
anticancerogenic or immunomodulatory effect.

WBC is a distinct geographical area in Europe with the long tradition of manufacturing artisanal dairy
products. Using molecular genetics methodology (rep-fingerprinting analysis, 16S rDNA sequencing)
and detailed technological and probiotic characterisation of LAB isolates, including milk protein
coagulation, proteinase and antimicrobial activity, exopolysaccharide production, production of aroma
and taste precursors, as well as survival in simulated conditions of gastrointestinal tract, adhesion to
epithelial intestinal cells (EIC), proliferation of gut associated lymphoid tissue (GALT) and peripheral
blood mononuclear cells (PBMC), revealed the huge diversity of LAB strains present in the artisanal
dairy products of WBC. Interestingly, our results showed that the autochthonous LAB isolates produce
bioactive substances involved in immunomodulation-reducing directly or indirectly the level of
cholesterol, triglycerides and blood sugar, or having hypoallergenic and immunosuppressive effect.

In conclusion, the characterisation of indigenous LAB strains in the artisanal cheeses, as well as
characterisation of their probiotic and technological potentials makes possible formulation of defined
functional starter cultures for novel dairy foods with geographical origin. In addition, such concept
would lead to the isolation and characterisation of bioactive compounds suitable for the development
of new therapeutics (nutraceuticals).

Keywords: microbial diversity, artisanal dairy products, lactic acid bacteria, health-promoting
properties

INTRODUCTION

Interest in the role of traditional food and their associated microorganisms in human health is
significantly increased, especially in term of their implication in the disease development and
prevention. Modern Western diet includes the consumption of increased amounts of
industrially processed and ready-to-eat food products containing numerous chemicals and
additives. Recently it has been noted the correlation between the Western diet and the
increased incidence of obesity, high blood cholesterol levels, high blood pressure, diabetes
and many other health problems including certain types of cancers. In contrast, the value of
the traditional food for the human health is supported by the fact that people inhabiting rural
mountain areas, having traditional diet based on fermented food manufactured in
households, are well known for good health and longevity.

Western Balkan Countries (WBC) region has a long and rich experience in traditional dairy
products manufactured by spontaneous or controlled fermentation from cow’s, ewe’s and
goat’s milk resulting in traditional regional cheeses and other fermented dairy products.
These products harbour a remarkable diversity of lactic acid bacteria (LAB) and yeasts (Golic
et al.,, 2013). Large quantities of various spontaneously fermented dairy foods are
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manufactured in households of this region in specific way without use of commercial starter
cultures.

Preliminary research on autochthonous LAB isolated from traditionally manufactured
cheeses in WBC strongly indicates the considerable diversity among microorganisms in
these products (Golic et al., 2012; Terzic-Vidojevic et al., 2014). Natural isolates of LAB are
shown to be a valuable source of antimicrobial peptides targeting food pathogens without
adverse effects (Topisirovic et al., 2011; Veljovic et al., 2014). Hence, they have a great
potential for application in microbial food safety. Moreover, previous results revealed that
many LAB isolated from traditional cheeses showed good milk protein coagulation, produce
proteinases and exopolysaccharides. On the other hand, our recent results showed that LAB
natural isolates originating from traditional dairy products have significant probiotic potential
(Lukic et al., 2012; Nikolic et al., 2012a; Uroic et al., 2014).

Probiotics are defined as “live microorganisms which when administered in adequate
amounts confer a health benefit on the host” (FAO/WHO, 2006). Probiotics express their
positive traits through the following mechanisms: (a) competition with pathogenic bacteria for
nutrients and binding sites in the gut epithelium, (b) inactivation of the toxins and metabolites
produced by pathogens, (c) the production of antimicrobial substances which inhibit the
growth of pathogenic microorganisms, (d) stimulation/modulation of the immune response, or
(e) anticancer action (Boirivant and Strober, 2007). Nowadays, it is well known that probiotics
impact on the immune function of humans and animals throughout the regulation of the
immune response. Although, it is necessary to underline that the immune modulation ability
is strictly species- and strain dependent (Diaz-Ropero et al., 2007; van Hemert et al., 2010)
and that the individual strains exhibit specific probiotic traits effective for the treatment of a
specific disease (Delcenserie et al., 2008). However, the molecular basis of the mechanisms
behind the probiotic action is still not fully characterized. Accordingly, our current work has
been focused on the interactions of LAB natural isolates with the host immune system in
order to detect the unique health-promoting properties of the individual strains.

MATERIAL AND METHODS

Bacterial strains. The LMM (Laboratory for Molecular Microbiology, IMGGE) collection has
several thousands of fully characterized LAB isolates. Among them, up to 100 have been
characterized according to FAO/WHO (2006) selection criteria as potential probiotic strains.
LAB strains from LMM collection used in this study were isolated previously from white —
pickled and semi-hard cheeses traditionally manufactured in rural regions of Serbia and
Montenegro.

Host-microbe interactions. The epithelial intestinal cells (EIC) Caco-2 (purchased from the
European Collection of Cell Cultures [ECACC No. 86010202] were used to determine the
adhesion ability of the isolates to mucosal surfaces in the intestine. The pathogen exclusion
experiments were carried out following the procedure described by Nikolic et al. (2012b). The
isolation and proliferation of gut associated lymphocyte tissue (GALT) from rats were carried
out as described by Hidalgo-Cantabrana et al. (2014). This study was approved by the
Animal Experimentation Ethical Committee of the Faculty of Pharmacy, University of
Belgrade (Serbia), strictly following the International Directives.

Statistical analysis. After checking the normal distribution of the proliferation data, one-way
ANOVA tests were used to determine differences between each factor and negative control.
Finally, one-way ANOVA tests together with the mean comparison test LSD (less significant
difference) were used to compare differences between the three strains. Results were
represented by mean * standard deviation or standard error. The SPSS 15.0 statistical
software package (SPSS Inc) was used for all determinations and p <0.05 value was
considered significant.
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RESULTS AND DISCUSSION

Antimicrobial activity. As defined by WHO/FAO (2006), one of the important health
promoting properties of probiotic strains is their capability to counteract the negative effects
of gut pathogens. The exclusion of pathogens by probiotics is a strain-dependent
characteristic. Several mechanisms of this action have been proposed: a) production of the
antimicrobial substances, b) colonization competition, providing a physical barrier blocking
the pathogen entry, ¢) induction of the mucus production, d) increasing the tight-junctions
among the EIC, or e) stimulation of the innate immune response (Liévin-Le Moal and Servin,
2014).

Our previous results showed that dairy products microbiota contain promising probiotic
candidates producing one or more bacteriocins with broad inhibitory spectrum both against
Gram® and Gram™ pathogens (Topisirovic et al., 2011). In this study, we have found that
among the analysed LAB strains, the strain Lactobacillus paracasei BGBUK2-8 produces
antimicrobial substances active against Helicobacter pylori, while the strain Lc. lactis
BGBU1-4 shows, among others, antimicrobial activity against food pathogen Listeria
monocytogenes. In addition, bacteria of the genus Enterococcus, frequently found in many
different types of fermented foods produce bacteriocins, designated as enterocins, active
against food-born pathogens such as L. monocytogenes, Staphylococcus aureus, and
Bacillus cereus and could be used as food “biopreservatives” (Veljovic et al., 2014). The
dairy natural isolates of enterococci from LMM collection are found to exhibit antimicrobial
activity against L. monocytogenes, Escherichia coli and S. aureus.

It is assumed that the probiotic properties are in large part derived from the specific surface
molecules present on the surface of bacterial cells (exopolysaccharides - EPS, aggregation
proteins - Agg, collagen binding proteins, proteinases) (Kleerebezem et al., 2010). Hence,
we have tested the ability of the lactobacilli natural isolates from LMM collection, producing
various cell surface molecules, to reduce the adhesion of Salmonella 654/7E isolate to the
Caco-2 EIC (Figure 1). The results revealed that the strain L. paracasei BGNJ1-64 Agg’, has
the ability to reduce the adhesion of Salmonella 654/7E. Since the strain BGNJ1-64 Agg is a
non-aggregating derivative of the strain BGNJ1-64, it could be assumed that some factors,
other than aggregation factor, present on the cell surface, are involved in the reduction of
Salmonella 654/7E. In addition, it was shown that the strain Lactobacillus paraplantarum
BGCGL11, the EPS-CG11 producer, and its polymer EPS-CG11 reduced the cytotoxic effect
of several pathogens: Clostridium difficile, Yersinia enterocolitica, E. coli and L
monocytogenes (data not shown).
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Figure 1. Percentage of adhesion of Salmonella 654/7E in the presence and absence of lactobacilli
strains

Modulation of the immune response. The next important characteristic of potential
probiotic candidates is the capacity to modulate the immune response of the host.
Previously, we have shown that EPS-producing strain Lb. paraplantarum BGCGL11 or its
EPS-CG11 polymer exhibit an anti-inflammatory and immunosuppressory profile. The results
revealed that this natural isolate increased cytokine ratios suggestive of Th2-Treg response
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involved in suppressive and immunoregulatory functions, as well as Th17 response, relevant
for the immune mucosa homeostasis. Interestingly, the non-EPS-producing derivatives of
BGCGL1 triggered a Thl (pro-inflammatory) response type, possibly due to the exposure of
other surface molecules in the absence of the EPS-CG11 polymer (Nikolic et al., 2012a).
Since the strain BGCG11 induced higher percent of the PBMC proliferation than the EPS-
CG11 polymer, it can be concluded that the other specific cell surface molecules are involved
in the proliferation of the lymphocytes (Nikolic et al., 2012a).
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Figure 2. Percentage of GALT proliferation in the presence of lactobacilli strains

Recent studies showed that probiotics exhibit the health beneficial effects by directly
modulating or down-regulating immune system through modification of immune response in
GALT preventing in that way the symptoms of inflammatory bowel disease, allergies and
asthma (Ouwehand et al., 2007). In order to monitor the effect of cell surface properties on
immunomodulatory potential of dairy isolates, the proliferation of the GALT cells was
followed. The results showed that the strain Lactobacillus sucicola BGGO7-28, producing S-
layer protein on the cell surface, exhibits the lowest level of the GALT proliferation comparing
to the control, suggesting the immunosupressing activity of this strain. Interestingly, the
reduction of GALT proliferation was also seen in the presence of the wild type strain Lb.
paracasei BGSJ2-8, producing cell surface polysaccharide Cps and aggregation factor,
leading to the conclusion that these surface molecules could be involved in suppression of
the immune response.

Diabetes prevention and therapy. Finally, in our pilot experiments, the strain Lb.
paraplantarum BGCG11 was shown to have therapeutic effects on rats with diabetes type 1
(streptozotocin induced). The level of blood sugar, BUN (Blood Urea Nitrogen), as well as
AST (aspartate aminotransferase) and ALT (alanine aminotransferase) levels from liver were
reduced when the rats were fed with BGCG11 strain resuspended in milk (Table 1).

Table 1. The influence of Lactobacillus paraplantarum BGCG11 probiotic strain on standard
parameters of diabetes type 1

Control 3.85 1.55 1.15
Control+BGCG11 5.85 8.45 1445 6335 145 0.8
Diabetes 27.5 20.7 360.7 2232 1.8 1.8
Diabetes+BGCG11 11.3 14.3 2294 141 1.6 1.2
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Moreover, the improvements in the crypts architecture in duodenum and the Langerhans
islets in pancreas were noticed, as well as less damage in DNA level of liver and kidney cells
in the diabetic rats fed with BGCG11. Differences in the level of IL-6 and IL-10 production
from both spleen lymphocytes and lymphocytes from mesenteric lymph nodes were detected
when rats were fed with BGCG11 in milk, in comparison with diabetic rats drinking milk
without BGCGL11 strain (Figure 3). The results indicate that BGCG11 is able to ameliorate
the effect of induced diabetes in rats.

Pancreas

Control C+Probiotic

Figure 3. Role of Lactobacillus paraplantarum BGCG11 probiotic strain on the improvements in the
Langerhans islet architecture in diabetic rats

CONCLUSIONS

In conclusion, the traditional fermented foods represent rich source of new LAB strains with a
considerable genetic, metabolic, technological and probiotic potential. The autochthonous
dairy isolates described in this paper are found to have strong health-promoting potential and
could be used eventually in formulation of functional starter cultures for production of the
innovative foods designed for diverse patients.
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ABSTRACT

Ten female donkeys belonging to Domestic Balkan donkeys, autochthonous breed, were controlled
throughout a whole lactation period. Subjected animals were grown at Valjevac pasture of Special
Nature Reserve “Zasavica”. The milk samples were taken by hand milking of two glands at days 45,
60, 80, 100, 125, 150, 170 and 200 postpartum. From days 80 to 170 postpartum, the ash content
increased from 0.38 to 0.76 g/100mL of milk (P < 0.05). In the same period, the content of the mineral
elements also increased significantly (P < 0.05): Ca from 157 to 224 mg/100mL; Na from 34 to 36
mg/100mL; Zn from 0.38 to 0.57 mg/100mL. Similarly, the concentrations of P, K and Mg increased
from 50 to 162 g/100mL, from 117 to 135 g/100mL and from 8 to 10 g/100mL, respectively, at day 80,
day 125, and day 170 of lactation. Thus, the concentration of the investigated minerals was affected
by the stage of lactation. The obtained results for the mineral content of the donkey milk characterized
showed that it can be considered as nutritionally valuable and healthy food.

Keywords: Balkan donkey milk, lactation stage, ash, mineral elements

INTRODUCTION

The minerals are quantitatively minor compounds essential for life, because they contribute
to multiple and different vital functions in the organism, like bone structure, muscular
contraction, metabolism via the enzymatic systems, etc. The mineral fraction of milk
(approximately 8-9 g/l) is composed of macro elements (Ca, Mg, Na, K, P and CI) and
oligoelements (Fe, Cu, Zn and Se) (Gaucheron, 2005, 2011). Mineral metabolism particularly
that of calcium and phosphorus, plays a fundamental role in the rapid skeletal development
of the foal. The essential element is required for the various physiological functions of the
organism: Ca and P for skeletal development, Mg for bone mineralization, Na as a cation in
blood and extracellular fluid, K for the maintenance of fluid integrity within the cell (Laires et
al., 2004).

Donkey milk has unique nutritional features similar to human milk in total proteins and protein
profiles, lactose contents, fatty acid, as well as fairly low mineral content (Medhamar et al.,
2011). Recently, the interest in donkey’s milk has increased due to the possible health
promoting characteristics. Donkey milk has become attractive as substitute to cow milk for
human infants with allergic reactions, and also in the treatment of complicated cases with
multiple food intolerance (Carroccio et al., 2000; Monti et al., 2007).

Milk composition of mammalian species varies widely with reference to genetic, physiological
and nutritional factors, as well as environmental conditions (Sabahelkhier et al., 2012).
Although several authors have examined the nutritive value of donkey's milk taking into
consideration various factors (Salimei et al., 2004; Guo et al., 2007; Martini et al., 2014), little
is known about its minerals composition in relation to the stage of lactation (Fantuz et al.,
2009, 2012). Aiming to increase the knowledge of mineral composition of milk from Domestic
Balkan donkey breed, the concentrations of Ca, Mg, P, K, Na and Zn were studied
throughout the whole lactation period.
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MATERIAL AND METHODS

Milk collection

Donkeys' milk samples were collected from 10 female Domestic Balkan breed, after
parturition in the Zasavica Special Nature Reserve (http://www.zasavica.org.rs/en/o-
magarcima/). Zasavica is located in the north-west region of Serbia, and currently it is home
to herd of over 100 female donkeys'. During the experimental period, donkeys were daily fed
on pasture meadow plants with the addition of corn before the milking. Milk samples were
collected using hand milking at the same time of day (in the morning between 08.00 and
10.00 a.m.), preserved in labeled bottle and kept in the refrigerator at 4°C.

Chemical Analysis

Ash content was determined after mineralization of milk, at 550 °C for 4 h according to
standard methods (Cari¢ et al., 2000). Mineral contents as calcium (Ca), magnesium (Mg),
sodium (Na), potassium (K) and Zinc (Zn) were measured in the ash using Atomic
Absorption Spectrophotometer, Varian spectra AA-10 using IDF method 119:2007(E) (IDF/
ISO, 2007). Phosphorous (P) was estimated using GBC CINTRA 303UV/VIS
Spectrophotometer (IDF 42: 2006).

Statistical analysis

Average results of triplicate samples were submitted to statistical analyses. Results were
analyzed using analysis of variance of the Statistica 10 for Windows, Stat Soft, Tulsa,
Oklahoma, USA, 2009. Significant differences between means were determined at p<0.05.

RESULTS AND DISCUSSION

The trends of ash and minerals composition of the Balkan donkey milk during the 200 day
lactation period are shown in Figure 1.

During lactation, from days 80 to 170 postpartum, the ash content increased from 0.38 to
0.76 mg/100mL of milk (P < 0.05). On the average, donkey’s milk has lower ash content
compared to cow’s milk (0.75 mg/100 ml of milk) and higher than in woman’s milk (0.22
mg/100 ml of milk) (Csapo” et al., 1996; Malacarne et al., 2002). Values of ash content
obtained in this study was higher with the previous reports of some researchers for ash
content in donkeys' milk (Salimei and Chiofalo, 2006; Guo et al., 2007; Polidori et al., 2012).
All macro minerals in horse and donkey milk vary significantly during lactation, which is in
agreement with previous research of other donkey breeds (Summer et al., 2004; Fantuz et
al., 2012). In our study increasing trends during lactation for for Ca, Na and Zn were
observed, what is consistent with the increase of ash content from 80. to 170. day of
lactation. In the same period, the content of the mineral elements also increased significantly
(P < 0.05): Ca from 157 to 224 mg/100ml; Na from 34 to 36 mg/100ml and Zn from 0.38 to
0.57 mg/100ml. Other author reported decreasing Ca, P and Mg concentrations during
lactation, what were also observed for Martina Franca breed (Fantuz et al., 2012) Similarly,
the concentrations of P, K and Mg increased from 50 to 162 g/100ml, from 117 to 135
g/100mL and from 8 to 10 g/100ml, respectively, at day 80, day 125, and day 170 of
lactation. Thus, the concentration of the investigated minerals was affected by the stage of
lactation.

The level of ash in equine and donkey milk is similar to those in human milk except for higher
concentration of Ca and P (Holt and Jenness, 1984; Uniacke-Lowe, 2011). The
concentrations of K, Na, and Mg in horse and donkey milk appear to be similar to those in
human milk. The concentration of K, are higher in equine and donkey milk than in human
milk, but all are considerably lower than in bovine, caprine, ovine and porcine milk (Uniacke —
Lowe, 2011).
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Figure 1. The content of ash and mineral elements in donkey milk during lactation period

Concentrations of all elements were within the ranges for Littoral-Dinaric breed donkey re-
ported in previous study (Bilandzi¢ et al., 2014), although they are kept under similar
conditions.

CONCLUSIONS

This study of milk from Domestic Balkan donkeys, autochthonous breed, provides a better
understanding of donkey’s milk mineral composition, and its variations throughout the main
stages of lactation.

The content of ash and all mineral elements in donkey’s milk vary significantly throughout the
whole lactation period. In Balkan donkey milk, the obtained mineral concentrations were
higher in comparison to previously reported levels for different donkey breeds. The
concentration of the studied minerals was affected by the stage of lactation, showing an
increasing trend until the beginning of the late phase. As a consequence, when describing
donkeys milk composition the stage of lactation should be specified. Data provided by the
current study can be also used to support the assessment of macro mineral nutritional
requirements of different donkey breeds.
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ABSTRACT

As there are no data on S. thermophillus, B-galactosidase’s 3D structure, the aim of this study was to
make 3D model of B-galactosidase with its active site and to predict its catalytic residues.

Sequence were retrieved from NCBI, PubChem and PDB databases. 3-galactosidase from E. coli
used as the template sequence. Sequences alignment was performed using MUSCULE program.
Homology models were made using Modeller 9.11 software. The modelled structures were minimized
using AMBERY7 force and fields and AMBER atomic charges. Docking studies were performed using
Surflex-Dock program. Protein structures were prepared for docking studies using various parameters
such as: polar hydrogen atoms added, protonation types and termini treatment.

BlastP search revealed its similar structure with E. coli B-galactosidase. As they are distant related
species, it is evident horizontal gene transfer. Docking analysis revealed active sites position, residues
involved in substrate binding and active residues. According to our model, putative catalytic residues
are GLU458 and GLU546. These results were verified by sequence alignment with closely related 8-
galactosidases with known structure and active residues. Both catalytic residues are positioned close
to lactose cleavage site and make hydrogen bonds with it. Substrate binding residues are also ASN98,
ASP201 and HIS380.

Keywords: B-galactosidase, yoghurt, docking, catalytic residues

INTRODUCTION

Streptococcus thermophillus is one of the first most used strains in dairy industry, as it
ferments lactose in milk during yoghurt production. In dairy industry it is used for yoghurt
production since 1900s (Delcour et al., 2000). Milk fermentation by S. thermophilus leads to
numerous organoleptic and health benefits of the final product. The final product of lactose
fermentation in milk by S. thermophilus is lactic acid. S. thermophilus produce enzyme (-
galactosidase which leads the first reaction in lactose degradation and catalyse it to
galactose and glucose (Farnworth, 2003).

B-galactosidase (EC 3.2.1.23), catalyzes the hydrolysis of 3(1-3) and B(1-4) galactosyl bonds
in oligo- and disaccharides. Apart from its benefits in fermented dairy technology, it has a
great role in low lactose and lactose free dairy products, which allow lactose intolerant
persons to consume milk and enjoy its beneficial properties (Chen et al., 2008, Ladero et al.,
2003). All known B-galactosidases belong to the GH-A superfamily of glycoside hydrolases,
and to the 1, 2, 35 and 42 subfamilies (Cantarel et al., 2009). They have two catalytic
glutamic acid residues, one proton donor and one nucleophile. B-galactosidase from S.
thermophilus belongs to GH-2 subfamily. Nucleophilic and proton donor residues catalyse
substrate by nucleophile, attack on the anomeric centre to displace the aglycon and form a
glycosyl-enzyme intermediate. Proton donor acts as an acid catalyst and protonates the
glycosidic oxygen as the bond cleaves. Binding residues play an important role in substrate
catalysis as they stabilise the enzyme-substrate complex. The strength of their interaction
with the substrate could be correlated with reaction rate due to feedback effect of reaction
products.
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There are several crystal structures of 3 (1-4)-galactosidases in Protein Data Bank (PDB)
database (www.rcsb.org) (Table 1). As 3D structure and active residues of S. thermophilus
B-galactosidase has not been experimentally determined the aim of this work was to make its
3D model and to predict active and biding resides.

Table 1. B (1-4)-galactosidases of known crystal structure

Organism GH-subfamily PDB Reference

code
Sulfolobulus solfataricus GH-1 1UwWQ Aguilar et al., 1997
Escherichia coli GH-2 1DPO Jacobson et al., 1994
Arthrobacter sp. GH-2 1YQ2 Skalova et al., 2005
Klyveromices lactis GH-2 30BA Pereira-Rodriguez et al., 2012
Aspergilus oryzae GH-35 41UG Maksimainen et al., 2013
Penicillium sp. GH-35 1TG7 Rojas et al., 2004
Bacteroides thetaiotaomicron GH-35 3D3A Unpublished?®
Trichoderma reesei GH-35 30G2 Maksimainen et al., 2011
Homo sapiens GH-35 3THC Otho et al., 2012
Thermus thermophilus GH-42 1IKWG Hidaka et al., 2002
Bacillus circulans ssp. alkalophilus GH-42 3TTS Maksimainen et al., 2012

K. Palani, D. Kumaran, S. K. Burley, and S. Swaminathan, unpublished results (www.rcsb.org)
MATERIAL AND METHODS

Protein sequence of Streptococcus thermophilus B-galactosidase used as the query
sequence was retrieved from NCBI database (GenBank: ACA96932.1)
(http://www.ncbi.nlm.nih.gov/). Lactose structure data file was retrieved from the PubChem
database (http://pubchem.nchi.nim.nih.gov).

The NCBI BlastP was performed against the Protein Data Bank database (PDB database)
for identification of highly similar sequence templates for template sequences. PDB file of the
B-galactosidase from E. coli used as the template sequence was retrieved from (PDB ID:
1DPO:A). Sequences alignment was performed using MUSCULE program included in the
UGENE 1.11.3 software package (Okonechnikov et al., 2012, Edgar, 2004). After aligning,
the homology models of Streptococcus thermophilus B-galactosidases were made using
Modeller 9.11 software (Eswar et al., 2007). The best model was selected by the smallest
value of the normalized discrete optimized molecule energy (DOPE) (Sali, 2006). The final
3D models were verified using Ramachandran plot, the Structural Analysis and Verification
Server (SAVES) (http://nihserver.mbi.ucla.edu/SAVES).

Downloaded protein structures and ligands were minimized using MMFF94 force field.
Atomic charges were calculated using the MMFF94 method. The modelled structures were
minimized using AMBER?7 force and fields and AMBER atomic charges. Powell method,
distance dependent dielectric constant and convergence gradient method with a
convergence criterion of 0.005 kcal/mol were used. Protein structures were prepared for
docking studies using various parameters such as: polar hydrogen atoms added, protonation
types and termini treatment. Docking studies were performed using Surflex-Dock program
with flexible H atoms (Jain, 2003).

RESULTS AND DISCUSSION

BlastP analysis of S. thermophilus B-galactosidase, revealed its highest similarity with E. coli
B-galactosidase structure retrieved from PDB database (PDB ID: 1DPO:A), with query cover
98%, E value 2e™* and identity 33%.

Sequence alignment revealed high conservation of residues in the active site area (Figure 1).
Active residues of E. coli B-galactosidase were experimentally determined in previous
literature (Jacobson et al.,, 1994). According to their findings proton donor residue is GLU
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462, while nucleophile residue is GLUS538. According to our results active residues are
conserved in both enzymes. Proton donor residue in S. thermophilus B-galactosidase is GLU
458, while nucleophile residue is GLU546.
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Figure 1. Sequence alignment of active site area; A) Sequence around proton donor residue, B)
Sequence around nucleophile residue

Modelled enzyme showed high 3D alignment with its template sequence (Figure 2A). It can
be seen that although peptides differ in their sequences (red color), overall 3D structure
remained mainly conserved. Furthermore, residues that build active site remained highly
conserved (Figure 2B).

Figure 2. Alignment of S. thermophillus and E. coli 8-galactosidases; Red color — differences in
sequences, blue color — matched residues, green color — protomol; A) Complete sequence alignment,
B) Active site alignment

Docking analysis was performed for S. thermophilus and E. coli B-galactosidases with
lactose molecule. The active site has been set using both potential active residues (GLU461
and GLU537) with additional spheres of 5 A, in order to include all possible binding residues
and to predict the most probable active site conformation and ligand docking. Docking results
revealed that both active residues of E. coli $-galactosidase (1DP0) make H bonds with
lactose and both are close to its cleavage site (Figure 3A). Glu537 is thought to be the
catalytic nucleophile, forming a covalent bond with the substrate (Gebler et al., 1992). Other
binding residues are ASN102, ASP201 and ASN460. Model of S. thermophillus B-
galactosidase docking showed that both putative catalytic residues (GLU458 and GLU546)
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make hydrogen bonds with lactose and are closely positioned to lactose cleavage site
(Figure 3B). These results confirmed predicted active resides made by phylogenetic analysis.
Substrate binding residues are also ASN98, ASP201 and HIS380 and therefore are crucial
for the enzyme function. It can be seen that the enzymes differ in only one residue which is
included in substrate catalysis. In E. coli it is ASN460, while in S. thermophillus it is HIS 380.
This high conservation of important residues resulted in conserved enzyme function through
their evolution.

A) B)

GLUS546

N -
GLU484 MET502
\ @\\

VAL486

S
GLU461

W
GLUS37 @
i@ ePS

ASP201 ASN102

ASN460

TRP1000

Figure 3. Docking results with lactose molecule; A) B-galactosidase from S. thermophillus, B) 3-
galactosidase from E.coli

CONCLUSIONS

Model of B-galactosidase from S. thermophillus was built using B-galactosidase from E. coli
as a template sequence. Although residues differ in their sequences, overall 3D structure
remained mainly conserved. Our results revealed high conservation of residues involved in
enzymes catalitic activity. Predicted proton donor residue in S. thermophilus B-galactosidase
is GLU 458, while nucleophile residue is GLU546. Substrate binding residues are also
ASN98, ASP201 and HIS380.
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ABSTRACT

Nowadays, food industry develops dairy products free of lactose to satisfy the needs of the people
suffering from lactose intolerance. Lowering or removing lactose from milk, these products become
available for intolerant persons.

Galactosidase is one of the widespread enzyme in nature and very important enzyme in food
processing.

Hydrolysis of the lactose by B-galactosidase into glucose and galactose, increases the possibility of
commercial use of the permeate — byproduct obtained by ultrafiltration of milk during production of
cheese or whey.

The objective of this research was to examine the hydrolysis of lactose by applying the enzyme % (-
galactosidase in milk permeate.The effect of [B-galactosidase (isolated from Klyveromyces lactis) at
various concentrations (0.1, 0.3 and 0.5 % (w/w)) and reaction temperature 30°C on the degree of
lactose hydrolysis in permeate during 60 minutes was investigated.

The hydrolysis of lactose by addition of 0.1% enzyme contributed to 95.15% degree of hydrolyses, but
100 % degree of hydrolysis was achieved after 20 min with 0.3% B-galactosidase and after 10 min
when 0.5% enzyme was added. The maximum vyield of glucose and galactose was 3.02 and 3.5
29/100g, respectively.

Keywords: lactose, permeate, 3-galactosidase, hydrolysis

INTRODUCTION

Lactose (milk sugar, 4-0-B-galactopyranosyl-D-glucopyranose, C;,H,,014) is a disaccharide
comprising one glucose molecule linked to a galactose molecule. Lactose is synthesized in
the epithelial mammary cells from two molecules of glucose absorbed from the blood. The
concentration of lactose in milk is inversely related to the concentration of lipids and to the
concentration of casein. The content of lactose in mature bovine, buffalo, ovine and caprine
milk is about 4.8., 4.8, 4.6 and 4.1% wi/w, respectively. It increases slightly during the early
stages of lactation but then decreases to about 70% of the maximum at the end of lactation.
In contrast, the lactose content of the milk of equidae (horse, donkey and zebra) increases
during lactation, reaching values in the range 6.0-7.4%, w/w, with considerable
interindividual variation. Human milk contains 7.5%, w/w, lactose (Fox, 2011).

Lactose has a low level of sweetness. It is only about 16% as sweet as sucrose at 1% in
solution and hence has limited value as a sweetening agent (Ganzle et al, 2008). During
hydrolysis, the lactose is cleaved into its constituent absorbable monosaccharides, glucose
and galactose by enzyme B-galactosidase (lactase). Hydrolysis of lactose leads to the
improvement of properties (sweetening, solubility, fermentability, etc.), and the possibilities of
the industrial applications (Dekker and Daamen, 2011; lli¢ Udovi¢i¢ et al., 2013a). The
application of B-galactosidase in enzymatic hydrolysis of lactose is one of the most important
biotechnological processes in the food industry.

B -galactosidase is very widely distributed in nature because of its multiple functions. 8-
galactosidase is thus essential for the nourishment of newborn mammals, whose sole source
of nutrition is milk. Most of the world populations lost part of their B -galactosidase activity in
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the small intestine after the childhood (Swallow, 2011). So, nowadays the production of
lactose-free dairy products are of great interest for lactose intolerant persons (Ladero et al.,
2000; Jankowiak and Ludwig, 2008; Mlichova and Rosenberg, 2006; Jurado et al. 2004);
Harju et al. 2012; Brown-Esters et al 2012).

The aim of this study was to examine the hydrolysis of lactose by applying the enzyme [3-
galactosidase in permeate obtained by ultrafiltration of milk during cheese production.

MATERIAL AND METHODS

Substrate

Permeate was obtained, during the manufacture of feta cheese by ultrafiltration of milk with
3.7% fat (manufacturer "DAIRY Sabac”, Serbia). Permeate has the following composition:
dry matter (g/100g), 5.55, milk fat (g/100g) <0.1, total proteins (g/100g) 0.20, lactose (g/100g)
5.72, ash (g/100g) 0.48 and pH 6.46.

Enzyme
Enzyme Maxilact® LG5000 (DSM Food Specialties, The Netherlands) — B-galactosidase
derived from the yeast Kluyveromyces lactis was used for lactose hydrolysis.

Enzymatic hydrolysis

Different parameters such as time, temperature and the enzyme levels were optimized to
obtain lactose hydrolysis in permeate. Enzyme preparation was added to permeate at the
temperature of 30 °C in concentrations of 0.1% (w/w), 0.3% (w/w) and 0.5% (w/w). Samples
for determination of lactose, glucose and galactose content were taken at each 10 minutes
during 60 minutes of hydrolysis process. The inactivation of the enzyme was accomplished
by heating in a water bath on temperature 85°C. The technological process of lactose
hydrolysis in milk permeate is presented in Figure 1.

v
v

I Permeate I

v

B-galactosidase Hydrolysis
o (30°C, 60 min)

v

Enzyme inactivation
(85°C, 1 min)

!
;
}

Hydrolysed
permeate

Figure. 1. Technological process of lactose hydrolysis in milk permeate
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Physicochemical analysis

The following physicochemical characteristics were determined in milk, permeate and
hydrolysed permeate: total solids (TS) by oven drying (ISO 6731, IDF 21: 2010); and pH was
measured with a pH-meter (EcoScan pH 6 Eutech Instruments, Netherlands).

Sugar content was analyzed in all samples by Liquid Chromatograph Agilent Technologies
1200 Series with ELSD (Evaporative Light Scattering Detector) and Zorbax Carbohydrate
Column (4.6x250mm. 5 pm) (Agilent Technologies). Samples (5g of each sample) were
diluted in 25 mL volume flasks with 10 mL distilled water. The solutions were incubated in a
water bath at 50°C for 15 min. After cooling 0.5 mL of Karez I, 0.5 mL of Karez Il and 1 mL of
100 mM NaOH were added. The flask was amended with distilled water, mixed and samples
were filtered through filter paper No0.381. The filtrates (10uL) were injected using
autosampler. The flow rate was 1.000 mL/min, at ambient temperature and run time was 15
min. The mobile phase with isocratic flow was a cetonitrile/water (70/30. v/v). ELSD
parameters were: temperature 40+1°C, nitrogen pressure: 4.5+0.1 bar.

The degree of lactose hydrolysis (DH) was calculated using formula:

DH = (lactose total — 1aCtOSE after hyarolysis)*100/ lactose ia

Statistical analysis

All experiments and standard deviation were carried out in triplicate and all data were
expressed as mean values. The results were statistically processed by analysis of variance
at the significance level a= 0.05. The adequacy of the model was evaluated by coefficient of
determination (R?) and model p-value. For the description of the responses Y (glucose
content, galactose content), a second degree polynomial model was fitted to data (Eq.1):

Y=bo+Zb1X1+ZbzXz+Zb112X112+Zb222X222+Zb12X1X2 (1)

where by is intercept, b, represents the linear, b;; and by, the quadratic and b;, the interaction
effect of the factor. The factor variables and their values are: X, time of hydrolysis (0, 10, 20,
30, 40, 50, 60 min) and X, concentration of enzyme (0.1, 0.3 and 0.5% (w/w)).

Statistical and graphical analyses of results were carried out with the computer software
program "Statistica 9.1” (Statistica, 2009). Plotting responses as a function of two factors
drew response surface plots. Plots were generated using the same software.

Factorial ANOVA test for comparisons of several average values was applied for determining
differences amongst chemical characteristics of different samples.

RESULTS AND DISCUSSION

Chemical composition of milk, permeate and hydrolysed permeate is shown in Table 1.
Characteristics of milk permeate are in accordance with literature data (Paterson, 2011; lli¢-
Udovici¢ et al., 2013b).

The effect of time of hydrolysis of permeate on lactose content in samples hydrolysed by
different concentrations of 3-galactosidase at 30°C is presented in Figure 2. After 60 minutes
of lactose hydrolysis in milk permeate the content of lactose was 0.27 g/100g (the degree of
hydrolyses was 95.15%). Complete hydrolyses of lactose was achieved after 20 min when
0.3% B-galactosidase was added, but in the case of addition of 0.5% enzyme it happened
after 10 min.

The results of statistical analyses for glucose and galactose content of hydrolysed permeate
samples treated with B-galactosidase during 60 min are presented in Table 2. The
coefficients in Table 2 are related to actual variables. On the basis of the results it is evident
that the time of hydrolyses has greater effect on content of glucose and galactose content of
all samples is significant.

The ANOVA results for selected responses are reported in Table 3. Relatively high values of
coefficient of determination for glucose and galactose in samples (R?*=0.862 and R*=0.875,
respectively) obtained for all responses indicate good fit of experimental data to Eq.1.
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As for significance of polynomial coefficient their p-values suggest that the most important
linear factor is concentration of enzyme. The effect of time and concentration of enzyme on
glucose and galactose content of hydrolysed permeate samples are shown in Figure 3.

Table 1. pH value and chemical characteristics of milk, permeate and hydrolysed permeate

Samoles H Total Solids Lactose Glucose Galactose
P P (g/100g) (g/100g) (g/100g) (g/100g)
Milk 6.75 12.67 5.47 0 -0
Permeate 6.50 5.55 5.57 0 0
Hydrolyzed permeate 6.43 5.07 0 2.12 2.11

Lactose content (g/100g)

—=— 0.1 (g/1009)
—e— 0.3 (g/1009)
—4— 0.5 (g/100g)

T T T T T T T
20 30 40 50

Time (min)

60

Figure 2. The effect of enzyme concentration on lactose content in permeate samples

Table 2. Regression equation for the response of hydrolysed permeate samples

Glucose Galactose

Effects

Coefficient p-value Coefficient p-value
Intercept
bg -0,6206 0,273972 -0,65382 0,232233
Linear
b, 0,14257 0,000006 0,11681 0,000037
b, 5,48393 0,138506 6,17946 0,086433
quadratic
biq -0,00159 0,000088 -0,00139 0,000234
b -5,19643 0,36131 -7,01786 0,20552
interaction
b, -0,02446 0,454511 0,02188 0,485896

“Effects are statistically significant, p=0.0

Table 3. Analysis of variance (ANOVA) for response of hydrolysed permeate samples

Source
Response | Residual Model Fvalue | p-value R?

DF SS MS DF SS MS
Glucose 15 3.411 0.227 6 142.640 | 23.773 | 104.54 0.878
Galactose 15 3.149 0.210 6 132.080 | 22.010 | 104.84 0.863

DF-degree of freedom, SS-sum of squares, MS-mean squares
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Figure 3. The effect of time and enzyme concentration on content of: a) glucose and b) galactose in
hydrolysed permeate
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CONCLUSIONS

The increase of 3-galactosidase concentration (0.1-0.5g/100g) significantly influenced to the
degree of lactose hydrolysis in milk permeate at 30°C during 60 minutes.The most efficient
rate of hydrolysis was obtained by 0.5% enzyme concentration at 30°C after 60 minutes. The
maximum yield of glucose and galactose was 3.02 and 3.52 g/100g, respectively. Relatively
high values of coefficient of determination for glucose (R?*=0.8629) and galactose (R?=0.875)
in samples, obtained for all responses, indicate good fit of experimental model.
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ABSTRACT

Petrovska klobasa is a traditional and autochthonous dry fermented pork meat product with a
protected designation of its geographical origin and present a part of gastronomic heritage of Slovaks
in Vojvodina. It is produced without use of nitrate/nitrite, glucono delta-lactone (GDL) and microbial
starters and at the end of ripening Petrovska klobasa is characterized by specific savoury taste,
aromatic and spicy-hot flavour, dark red colour and hard consistency. In order to achieve a
recognizable product of standardized supreme quality which will be continually produced in the
controlled conditions and sold on the domestic and world markets, the aim of this study was to
determine the mathematical model of Enterobacteriaceae presence and elimination during the
production process of Petrovskd klobasa. The presence of Enterobacteriaceae was detected in all
groups, the elimination in the case of all groups is fast and efficient, and is mainly implemented
between 13 and 30 days. The function of eliminating is linear in all groups of sausages and the
manner of packaging. Mathematical models for predicting a presence and elimination of
Enterobacteriaceae during the production process of Petrovska klobasa present the helpful tool in
optimizing existing and developing new process.

Keywords: Petrovska klobasa, Enterobacteriaceae, aw, pH, mathematical models

INTRODUCTION

Traditional foods are a significant element of the European cultural heritage, which
production and sale provide a decisive economic input to many regions (European
Commission, 2007). Special characteristics of foods from any region or area are connected
to local ingredients and production techniques, which are deeply rooted in tradition and
linked to the territory (Aquilanti et. al., 2007). An important group among them are traditional
dry-fermented meat products. Petrovskd klobdsa is a traditional and autochthonous
fermented pork meat product, which is a part of gastronomic heritage of Slovaks in Vojvodina
(Northern Serbia) and which is produced in a traditional way in rural households in the
Municipality of Backi Petrovac. Petrovska klobasa is made by mixing partly cooled (cca 4h
p.m.) or cold (cca 24h p.m.) medium chopped lean pork and fat (up to 10 mm) with addition
of powdered red hot spicy paprika, salt, crushed garlic, caraway and sugar. A well-mixed
filling, which is prepared within 15-30 minutes by using a unique technique of manual mixing
with kneading and overturning, is stuffed into natural casings consisting of the rear part of pig
intestines (rectum), forming units 35-45 cm long and 4.5-5.0 cm in diameter. After stuffing,
the sausages are left to drain for a while and then they are smoked by a cold process for
about 10-15 days with pauses, using specific kinds of wood (cherry wood in particular).
When a smoking process is finished, the sausage is kept in a dry and well ventilated place to
dry and ripen, until it achieves an optimum quality, which takes about 4 months (Petrovi¢ et
al., 2007; Ikoni¢ et al., 2010; Tasi¢, 2012). Due to the above said, and in order to achieve a
recognizable product of standardized supreme quality which will be continually produced in
the controlled conditions and sold on the domestic and world markets, the aim of this study
was to determine the predicting model of Enterobacteriaceae presence and elimination
during the production process of Petrovska klobasa.
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Enterobacteriaceae presents one of the parameters of typical “house flora” during the
production process of Petrovska klobasa, which is crucial because of the safety (pathogenic
flora), acceptability (spoilage flora) and sensorial quality (technological flora) (Talon et al.,
2008; Leroy et al., 2010; Jankovic¢ et al., 2013; Lakicevi¢ et al., 2014).

MATERIAL AND METHODS

Sausages were produced during December and the processes of drying and ripening lasted
270 days. The prepared filling was stuffed into natural casings (sausages of Al and Bl
groups) and artificial collagen casings (sausages of A2 and B2 groups). Batches B1 (hatural
casing) and B2 (artificial casing) were left to be smoked, fermented and dried in the
household B while batches B3 (natural casing) and B4 (artificial casing) were taken to Im
.Kolbis“ where smoking, further fermentation and drying were performed in controlled
conditions. Samples from each batch (Al, A2, B1, B2, B3 and B4) (n=3) were transported to
the laboratory under refrigeration (4°C) and analyzed on the same day. Isolation and
identification of Enterobacteriaceae was done according to SRPS ISO 21528-2. All results
were presented as mean values of three independent repeats + standard deviation (Sd).
Data were processed using the Microsoft Excel software package for Windows 2007 and the
software package Statistica 9.1 for Windows, Stat Soft, Tulsa, Oklahoma, USA.

RESULTS AND DISCUSSION

The figure 1 shows the growth rate of enterobacteriaceae from the zero day until the 270"
day (unpacked samples) for all six models of produced sausages (experimental batches Al,
A2, B1, B2, B3 and B4).

-&—Al —9—A2 —6—Bl ——B2 —e—B3 B4

log CFUJjg

O O = = b bW W s
[ T ST o T TR e T Y e T PV e B )

Figure 1. Growth rate of Enterobacteriaceae in 6 experimental batches of Petrovac sausage during the
smoking, fermentation, drying and storage

As it can be seen on the figure 1, the presence of Enterobacteriaceae was detected in all
batches but they completely disappeared after the 30" day. Enterobacteriaceae were most
quickly disappearing from the sausages of A2 batch (samples traditionally produced from the
warm meat and stuffed into artificial casings) starting from the 12" day, on the 15" day they
were not detected in samples from the Al batch (samples traditionally produced from the
warm meat and stuffed into natural casings), B3 (samples produced from the cooled meat,
smoked and dried in the meat processing facility — natural casing) and B4 (samples
produced from the cooled meat, smoked and dried in the meat processing facility — artificial
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casing) and as of the 30™ day, they were not detected in samples from the B1 and B2
batches.
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Figure 2. Linear functions of Enterobacteriaceae elimination with squares of the correlation coefficient
of all sausage batches (respectively left figures for batches A1, A2, B1, B2, B3 and B4)

Elimination of Enterobacteriaceae in all batches is fast and efficient and mostly completed in

9 to 15 days. The function of this elimination is linear in all cases of produced batches of
sausages (Figure 2). The application of a mathematical model capable of providing
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expressions suitable for analysis of the population changes of Enterobacteriaceae during the
production process of Petrovska klobasa is proposed to facilitate better control of the safety
parameters.

Similar results concerning Enterobacteriaceae were obtained after examining Spanish
fermented sausages Salpicdo and Chourica when the increased number of
Enterobacteriaceae was detected (> 4 log;0CFU/cm?) and E. coli (Salgado et al., 2006).
Zdolec et al. (2007) detected the presence of Enterobacteriaceae in the filling of fermented
sausages until the 60™ day, Rantsiou et al. (2006) with the maximum on the 10" day of
3,20+0,42 and the total elimination on the 90" day. Similar results were obtained by other
authors (Drosinos et al., 2005, Kozacinski et al., 2006), which showed that, due to a faster
and more intensive acidification, the elimination of Enterobacteriaceae started earlier.

CONCLUSIONS

Based on the analysis of the growth rate from the zero until the 270" day (unpacked
samples), for all six models of the Petrovska klobasa (experimental batches Al, A2, B1, B2,
B3 and B4), it was detected the presence of Enterobacteriaceae in all samples of all batches
but they completely disappeared after the 30" day. The mathematical model provides critical
points that are crucial for safety control: the beginning of the exponential phase of inhibition,
the time during which the rate of inhibition is at a maximum, and the phase in which the rate
of decline of the population of microorganisms decreases until they virtually disappear from
the sausage. In our research work, the function of elimination of Enterobacteriaceae in all
cases of produced batches of sausages was linear.
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ABSTRACT

After the EU ban on the use of the neonicotinoids in flowering crops that honeybee might visit, there
has been an increased interest on determination of the neonicotinoids residues in honeybee products
such as honey. The objective of this study was to develop HPLC-DAD analytical method with
QUEChERS sample preparation procedure for the analysis of neonicotinoid thiamethoxam in honey
samples. The liquid chromatographic conditions were optimized by Response surface methodology
with Box-Behnken design and the global Derringer’s desirability. The optimized method was validated
to fulfill the requirements of SANCO/12495/2011 for the sample pretreatment procedure providing
results for accuracy (R, 70-120%), repeatability and within-laboratory reproducibility (RSD, <20%),
limit of detection (LOD, 2.5 ug kg'l) and quantification (LOQ, 7.5 pg kg'l). Matrix effects were
compensated by the use of matrix-matched calibration. For the first time, sunflower honey samples
collected from all 7 counties of Autonomous Province of Vojvodina were analysed discovering the
presence of thiamethoxam, therefore implicating the necessity of ongoing control of this type of food.
Keywords: Neonicotinoids, thiamethoxam, QUEChERS, honey, HPLC-DAD

INTRODUCTION

In less than 20 years, neonicotinoids became the most widely used class of insecticides and
their presence now accounts for at least one quarter of the world insecticide market
(Agropages, 2013). Like nicotine, they are nicotinic acetylcholine receptor agonists.
(Decourtye & Devillers, 2010; Tomizawa & Casida, 2005). Nowadays, they are authorized in
more than 120 countries for more than 1000 uses for the treatment of a wide range of plants
including sunflower, corn, potatoes, rice, sugar beets, oil rapeseed, soy, fruits etc. (Biever et
al., 2003). Neonicotinoids are systemic insecticides translocated to the whole plant (flowers,
pollen and nectar) (Van der Sluijs et al., 2013), revealing ways by which some honey bees
and other beneficial pollinators can be exposed to these compounds. Different studies in
Europe and USA have demonstrated that sub lethal amounts of neonicotinoids cause
disorientation, reduced communication, impaired learning and memory, reduced longevity
and disruption of honeybee brood cycles (Farooqui, 2013). Moreover, residues of these
insecticides may finally be found in bee product such as honey. The European Commission
has banned the use of imidacloprid, thiamethoxam and clothianidin in crops attractive to
pollinators in next two years emphasizing the awareness of potential harmful impact of the
neonicotinoids on honeybees and their products (Commission, 2013; EFSA, 2013; Gross,
2013). Therefore, monitoring and determination of trace levels of the neonicotinoids in honey
are necessary and demand highly efficient, selective and sensitive analytical techniques.
Neonicotinoids are usually determined by liquid chromatography (LC) coupled to different
detectors such as diode array detector (DAD) (Vichapong et al., 2013), ultraviolet detector
(Rahman et al., 2013), fluorescence (Garcia et al., 2007), mass spectrometer (Jovanov et al.,
2013), electrochemical detector, post-column photochemical reactor (Rancan et al., 2006), or
even detectors based on thermal lens spectrometry (Franko, 2008). Preparation of honey
samples for the liquid chromatographic analysis presents an analytical challenge due to high
amounts of different compounds found in honey. For these reasons we decided, due to the
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good results achieved, to employ extraction methodology based on QUEChERS (Jovanov et
al., 2014) protocol as a sample pretreatment procedure in neonicotinoids analysis of honey.
After the selection of the appropriate sample pretreatment procedure it was mandatory to
acquire the optimal chromatographic conditions using Response-surface methodology (RSM)
(Wang et al., 2011; Zhou et al., 2009) for the determination of the selected thiamethoxam
neonicotinoid. Box-Behnken designs (BBDs) combined with Derringer’s desirability function,
were chosen used for simultaneous optimization of different chromatographic parameters.
The objective of the present work was to develop a rapid, sensitive, optimized and accurate
analytical method based on HPLC-DAD combined with selected extraction procedure for
determination of thiamethoxam neonicotinoid insecticides along with other potentially found
neonicotinoids in honey samples such as dinotefuran, nitenpyram, clothianidin, imidacloprid,
acetamiprid and thiacloprid. Finally, the proposed procedure was validated and real honey
samples collected from the Autonomous Province of Vojvodina were analyzed on the
presence of the selected neonicotinoids.

MATERIAL AND METHODS

Standards of neonicotinoids (certified purity > 99%) and formic acid (purity 98%, w/w) were
obtained from Sigma-Aldrich (Steinheim, Germany), while acetonitrile of HPLC grade was
purchased from Merck (Darmstadt, Germany). The purified water used was produced by a
Simplicity UV system from Millipore (Bedford, MA, USA). Stock solutions of neonicotinoid
standards (100.0 mg L™) were prepared in water and stored in a freezer at -10 °C, and were
stable over a period of at least three months. Multicomponent standard solution (100.0 ug
L™) was prepared by mixing and properly diluting the calculated amounts of each standard
stock solution with water. The obtained multicomponent solution was used for spiking honey
samples, matrix-matched calibration (MMC), and solvent based calibration (SC). The MMC
standards were prepared by spiking of blank honey samples with multicomponent stock
solution at the final reconstitution step, over the range from the limit of quantification (LOQ) to
100.0 ug kg™ for all analyzed neonicotinoids. Kits for QUEChERS sample preparation
(buffered extraction kits; part no ECQUEU750CT and general fruits and vegetables sample
cleanup Kits; part no ECMPS15CT) were purchased as ready to use from United Chemical
Technologies (UCT inc., Bristol, USA). The 51 honey samples of sunflower floral origin were
collected from different locations in 7 counties of the Autonomous Province of Vojvodina,
Republic of Serbia.

The QUEChERS procedure was performed as follows: honey samples (15.0 mL of 50.0 g L™
spiked honey solution corresponding to 10.0 g of honey) were measured in 50 mL extraction
vials and mixed with buffering salts (4.0 g of magnesium sulphate, 1.0 g of sodium chloride,
0.5 g of sodium citrate dibasic sesquihydrate and 1.0 g of sodium citrate tribasic dehydrate)
from the separate pre-packaged pouches and acetonitrile (10.0 mL). The mixture was
vortexed for 1 minute using a vortex mixer (BOECO, Germany) and centrifuged at 3000 rpm
(Tehtnica, Yugoslavia) for 10 minutes. The acetonitrile extract layer (6.0 mL) was transferred
into the sample cleanup vials (containing 0.9 g of magnesium sulphate and 0.15 g of primary-
secondary amine (PSA)). The procedure was followed by vortexing of the cleanup vials for 1
minute and centrifuging at 3000 rpm for 10 minutes. The extract (1.5 mL) was transferred
into 2 mL vials and solvent was evaporated under the stream of nitrogen. Dry residues were
reconstituted in 1.0 mL (1.5 mL for spiked honey samples) of the mobile phase prior to the
analysis with HPLC-DAD.

Experimental design was performed by use of Design-Expert 7.0.0. (Stat-Ease, Minneapolis,
USA). Selection of factors (eluents composition and flow rate) for optimization was based on
preliminary experiments. The procedure followed in this work optimization of retention time of
the chromatographic peak and resolution of the peaks is a modification of the method
developed by Derringer and Suich (Sivakumar et al., 2008). The optimized factors were
incorporated in HPLC-DAD method.
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An Agilent 1200 Series HPLC system (Agilent Technologies Inc., USA) consisting of a
solvent degassing unit, a quaternary pump, an autosampler and a thermostated column
compartment was used in the HPLC-DAD system. Separation of the analytes was achieved
on a ZORBAX Eclipse XDB-C18 column (50 mm x 4.6 mm i.d., 1.8 ym) with a column
temperature of 30 °C. The mobile phase consisted of two eluents, ACN (A) and ultrapure
water with 0.2% formic acid (B), delivered at a flow rate of 0.7 mL min™ . The selected
neonicotinoids were separated, in order to determine thiamethoxam, with the following
gradient program: 90% B at start followed by a linear gradient reaching 60% B after 6 min
and then switch back to 90% B at the end of the run at 10 min. Thiamethoxam was identified
according to the retention times and quantification was based on peak areas with DAD
monitoring wavelengths set at 244 nm.

The proposed HPLC-DAD method was evaluated to fulfill all the necessary requirements of
method validation and quality control procedures for pesticides residue analysis in food and
feed (SANCO/12495/2011). The calibration curves in pure solvent (LOQ to 100.0 yg L™) and
in honey matrix (LOQ to 100.0 ug kg™) were obtained by plotting the peak areas against the
concentrations of the corresponding calibration standards at six levels. The linearity of
calibration curves was expressed by the square correlation coefficient (r?). The limit of
detection (LOD) and limit of quantification (LOQ) were estimated by injecting decreasing
concentrations of matrix-matched standards and measuring the response at a signal-to-noise
ratio (S/N) of = 3 and = 10 for the LOD and LOQ, respectively. The accuracy of the method
was determined with the percentage recovery (R, %) using spiked blank honey samples (at 3
concentration levels) prior to analysis and matrix-matched calibration curves by comparing
the mean measured concentration with the spiked concentration of the analyzed
neonicotinoids. The precision of the method was expressed in terms of repeatability (the
analysis was performed on same day (n=5) with the same instrument and the same operator)
and within-laboratory reproducibility (three different days with the same instrument and by
the different operators) as relative standard deviation (RSD). Precision values below 20%
were targeted.

RESULTS AND DISCUSSION

The validation of the chromatographic method for determination of thiamethoxam under
adopted optimized conditions was carried out. Under these conditions retention times (t;)
were constant with the RSD never exceeding 0.1% (Table 1). The calculated LODs and
LOQs using matrix-matched calibration curves are also shown in Table 1. The reached
LOQs were lower than the European Commission established MRLs for the neonicotinoids in
honey.

Table 1. Retention time (t,), limits of detection and quantification of thiamethoxam with maximum
residue levels (MRLs) for honey regulated in European Union (EU)

mean t
L N RSD (%) EU MRLs LOD LOQ
Neonicotinoid n=15 R g s
(n=19) of t, (ug kg™ * (ug kg™) (ug kg™)
(min)
Thiamethoxam 3.9 0.01 10.0 25 7.5

* ("EU Pesticides database," 2013)

For the proposed method, the use of matrix-matched calibration (MMC) standards was done
to compensate the matrix effects, expressed as the signals from the thiamethoxam in the
honey matrix compared to the signals in the solvent. Matrix effects were calculated as signal
suppression/enhancement (SSE), i.e. slope ratios for MMC and SC. Signal
suppression/enhancement caused by the matrix effects was observed for thiamethoxam.
Due to manifested matrix effects for precise quantification the use of matrix-matched
standards is required. The thiamethoxam matrix-matched calibration curve obtained using
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QUEChERS pretreatment procedures was linear over the range LOQ-100.0 pg kg™
Specificity was demonstrated by identifying the thiamethoxam based on the UV absorption
spectra as well as the relative retention times (compared to the standards). The accuracy of
the proposed method was expressed as the mean recovery (R, %). The R and RSD values
were determined for spiked blank honey samples prior to analysis in 5 replicates at three
concentration levels (10.0, 50.0 and 100.0 pg kg™) using the MMC curves. The recovery
results confirmed that the optimal recovery (R, 70-120% with RSD of < 20%) was obtained.
Precision, expressed as the repeatability and within-laboratory reproducibility gave RSD
values < 20%, indicating a good precision of developed method.

The developed method was applied to the analysis of 51 sunflower honey samples collected
from multiple locations in the Autonomous Province of Vojvodina, Republic of Serbia. The
results indicate that thiamethoxam was detected in 5 wildflower honey samples
(LOD<detectable<LOQ).

CONCLUSIONS

In this work, an HPLC-DAD analytical method based on QUEChERS sample pretreatment
procedure was developed and optimized for the determination of thiamethoxam in honey.
The developed method was validated to ensure quantification of low concentrations of
selected neonicotinoid. Residues of thiamethoxam were found in wildflower honey samples,
therefore implicating a potential usefulness of ongoing control of this type of food.
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ABSTRACT

Yoghurt and probiotic yoghurt have been proven as a healthy and nutritious food. The possibility of the
application of kombucha as a non-conventional starter culture and its technological and nutritional
aspects in dairy products has been described recently. The basic characteristics of yoghurt gel are the
appropriate textural and rheological properties. The major structural changes during the milk
fermentation are related to casein micelles, and they are due to the change of the pH value.

The aim of this study was to investigate the effect of the addition of three different starter cultures:
yoghurt starter culture, probiotic starter culture and kombucha inoculum on fermentation time,
rheological and textural properties of fermented milk products. During the fermentation process
involving kombucha, yoghurt or probiotic strarter culture, samples were taken at the pH values of 5.4,
5.1, 4.8 and 4.6.

The viscosity of the samples was measured at 5°C using a viscometer HAAKE RheoStress 600HP
(Karlsruhe, Germany) with a cone and-plate-sensor PP60Ti (gap 1 mm). Textural properties of
produced samples were analyzed by Texture Analyser TA.HDP"s (Stable Micro System, England).

The kombucha starter exhibited a similar influence on the casein networking pattern as the yoghurt
and probiotic starter cultures. The applied starter cultures induced different gelation rates and final gel
viscosity of the sample. The changes in the texture of all samples were pronounced between the pH
5.4 and 5.1, which is in correlation with the analyzed rheological properties.

The rheology and texture of the samples produced by kombucha followed the same patterns as
noticed for the probiotic and yoghurt samples.
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INTRODUCTION

Fermented milks have been an important component of nutrition and diet. Besides unique
flavors and textures as exemplified in traditional fermented product such as yoghurt, many
novel benefits, especially with respect to health, can be conveyed via fermentation
technology (Hugenholtz, 2013). Milk fermentation by kombucha results in products similar to
yoghurt or kefir and have been described recently (Malba$a et al., 2009a, b). Kombucha is a
mixture of acetic and lactic acid bacteria (Marsh et al., 2014) and yeast, which are embedded
within a cellulosic matrix that floats above the fermentate. The role of yeasts in the
fermentation of kombucha is to convert sucrose to organic acids, carbon dioxide and ethanol,
with the latter then used by acetic acid bacteria to form acetaldehyde and acetic acid. Acetic
acid bacteria also used yeasts—derived glucose to synthesise bacterial cellulose and gluconic
acid (Dufrense and Farnworth, 2000).

Milk fermentations generally involve the metabolism of lactose to lactic acid, a characteristic
common to all fermented milks, by lactic acid bacteria, mostly lactococci and lactobacilli.
During fermentation the casein particles aggregate as the pH approaches 4.6 as a result of
lactic acid production. This, together with the denaturation of the whey protein and its
association with caseins, results in increased gel firmness and viscosity (Lucey, 2002; van
Vliet et al., 2004). Yoghurt is a typical example of a weak viscoelastic and thixotropic (time—
dependent) gel (Benezech and Maingonnat, 1994).

The aim of this study was to investigate the effect of the addition of three different starter
cultures: yoghurt starter culture, probiotic starter culture and kombucha inoculum on
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fermentation time, rheological and textural properties of fermented milk products. Textural
characteristics: firmness and consistency, and rheological properties (hysteresis loop area) in
fermented milk products were compared.

MATERIAL AND METHODS

The samples for investigation were produced from homogenized and pasteurized milk (AD
Imlek, Division Novi Sad Dairy). During the fermentation process involving kombucha,
yoghurt or probiotic strarter culture, samples were taken at the pH values of 5.4, 5.1, 4.8 and
4.6. The particular samples were designated by the capitals K (kombucha), P (probiotic) and
Y (yoghurt), and the corresponding pH value. The kombucha was cultivated on black tea
(Camellia sinensis— oxidized, 1.5 g/L) with the sucrose concentration of 70 g/L. The tea was
cooled to room temperature, after which inoculum from the previous fermentation was added
in an amount of 10%. The incubation was performed at 29°C for 7 days. The kombucha
inoculum (30 mL) was added to the milk in an amount of 10% (Malbasa et al., 2009b). The
probiotic starter culture was ABT-7 — probiotic culture-Probio-Tek®, containing LA-5®,
Lactobacillus acidophilus, BB-12®, Bifidobacterium, Streptococcus thermophilus, CHR
Hansen, Denmark. The yoghurt starter culture (YF-L812) contained thermophilic starter
culture Yo-Flex®, Streptococcus thermophilus and Lactobacillus delbrueckii ssp. bulgaricus.
The commercial starters were added according to the manufacturer's specification — 0.005
g/100g. All the samples were produced in triplicate at 42°C.

Rheological properties of fermented milk samples were measured at 5°C using a viscometer
HAAKE RheoStress 600HP (Karlsruhe, Germany) fitted with sensor PP60Ti (gap 1mm). For
each sample, replicate measurements were done independently, and data processing was
performed using a RheoWin Pro software package (Version 2.94, Thermo Haake, Karlsruhe,
Germany). Thixotropy test was initially applied to characterize the flow behavior of the
fermented milk samples. Shear stress was recorded at increasing shear rates from 0 to 40s
(upward flow curve), followed by decreasing shear rate from 40 to 0 s within 50 s (downward
flow curve). Other rheological parameters considered were the area under the upward flow
curve, the area difference under upward and dawn ward flow curves (AA or hysteresis loop
area) (Hassan et al., 2003).

Textural properties: firmness and consistency of produced samples were analyzed by
Texture Analyser TA.HD”"® (Stable Micro System, England) through a single compression
test, using a back extrusion cell (A/BE) disk (diameter 35 mm; distance 30 mm; speed 0.001
m/s) and an extension bar, applying a 5kg load cell. Using the option Return to Start, a
trigger force of 10 g was applied.

RESULTS AND DISCUSSION

Physicochemical characteristics of fermented milk products manufactured using three
different starter cultures: yoghurt starter culture, probiotic starter culture and kombucha
inoculum are presented in Table 1. Fermentation process was two times faster in the
probiotic and yoghurt samples than in the samples produced by kombucha. The shortest
fermentation time (4.0 h) was noticed in fermented milk produced with probiotic starter and
that is in accordance with the result reported by lli¢i¢ et al., 2013.

Table 1. Physicochemical characteristics of fermented milk products manufactured using different
starter cultures

Samples pH value Fermentation time Total solid Fat

(h) (9/1009) (9/1009)
Y4.6 46+0.1 45 11.12+0.172 1.95+0.03?%
P4.6 46+0.1 4.0 10.81+0.21% 1.95+0.03%
K4.6 46+0.1 8.2 10.34+0.18° 1.90+0.04%

abcd - Means in the same column with different letters are significantly different (p<0.05)
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Flow curves of fermented milk products manufactured with three different starter cultures
(kombucha, probiotic and yoghurt) are presented in Figure 1. It is evident that shear stress
in all of samples increased with decrease of pH value of samples. The smallest differences in
the shear stress were measured between pH 5.1 and 5.4. Kombucha fermented milk
samples (Figure 1A) had higher yield stress compared to probiotic and traditional fermented
milk samples (Figure 1B and 1C, respectively).
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Figure 1. Flow curves of fermented milk samples produced with different starter cultures:
a) kombucha b) probiotic ¢) yoghurt

Differences in flow curves between samples affected the values of hysteresis loop area for
samples produced with different starter cultures (Figure 2). The hysteresis loop area (AA) is
the indicator of yoghurt structural breakdown and rebuilding (a degree of tyxotropy) during
shearing (Hassan et al., 2003; Paseephol et al., 2008). The decrease of pH value in all
samples caused the increase of the hysteresis loop area. Fermented milk sample with
yoghurt starter (pH=4.6) showed the highest hysteresis loop area (2201 Pa/s), indicating that
more structural breakdown and better structural reversibility took place during shearing.
Kombucha fermented milk samples showed lower values of hysteresis loop area (1444 Pa/s)
than hysteresis area of probiotic and yoghurt samples. Differences in hysteresis area
between samples could be explained by the structuring effect of using starter cultures. Also,
probiotic and yoghurt samples had higher total solids and more compact structure than
kombucha fermented milk product.
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Figure 2. Hysteresis loop area of fermented milk samples

The textural properties: firmness and consistency of the samples are presented in Figure 3.
Fermented milk produced with yoghurt starter had the highest firmness (204.01 g) and
consistency (5377.62 gs), while fermented milk produced with probiotic starter had the lowest
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firmness (123.7 g) and consistency (2706.3 gs). The most pronounced changes in the
texture of all samples were observed between the pH 5.4 and 5.1, which is in correlation with
the analyzed rheological properties.
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Figure 3. Changes of firmness (A) and consistency (B) of fermented milk products manufactured using
different starter cultures during fermentation

CONCLUSIONS

Type of starter cultures usage for manufacturing fermented milk products had great impact
on fermentation time. Fermentation process was two times faster in the probiotic and yoghurt
samples than in the samples produced by kombucha.

Differences in flow curves between samples affected the values of hysteresis loop area.
Fermented milk sample with yoghurt starter showed the highest hysteresis loop area,
indicating more structural breakdown and better structural reversibility during shearing.

The most pronounced changes in the texture of all samples were observed between the pH
5.4 and 5.1, which is in correlation with the analyzed rheological properties.
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ABSTRACT

Aflatoxin M1 (AFM1) is derivate of aflatoxin B1 (AFB1) which is formed in liver and excreted into the
milk in the mammary gland of lactating animals that have been fed with AFB1 contaminated diet.
Considering that AFM1 was included in the first group by carcinogenicity and milk and its derivates are
consumed daily, there is a need for fast, sensitive, reliable and accurate analytical method for its
determination.

The objective of this study was to compare performances of Enzyme Linked Immunosorbent Assay
(ELISA) and liquid chromatography with triple quadrupole mass spectrometry (LC-MS/MS) methods
for determination of AFM1 in naturally contaminated milk samples. For LC-MS/MS analysis, the
samples were prepared using immunoaffinity columns while for ELISA milk samples were analyzed
without sample preparation. Both methods were validated according to the European Union
Regulative using certified reference material (CRM). The obtained validation parameters indicate that
ELISA and LC-MS/MS are suitable for determination of AFM1 in milk samples. Additionally, the
validated methods were applied for analysis of ten naturally contaminated milk samples. Samples
were selected with the aim to cover two different ranges of concentrations, around 0.05 and 0.50
pa/kg. Analysis showed that ELISA method did not give false positive results since presence of AFM1
determined using ELISA was confirmed with LC-MS/MS. Furthermore, ELISA gave slightly higher
values of AFM1 in comparison to LC-MS/MS.

Keywords: aflatoxin M1, ELISA, LC-MS/MS, milk

INTRODUCTION

Aflatoxins (AFs) are one of the most known and investigated group of mycotoxins which can
be found as contaminants in different types of food and feed. AFs are mainly produced by
Aspergillus species in agricultural products from tropical and subtropical regions (Ardic et al.,
2007). Among approximately 18 identified AFS, aflatoxin B1 (AFB1) is the most common as
well as highly toxic, mutagenic, teratogenic and carcinogenic compound (IARC, 1993).
Aflatoxin M1 (AFM1) is the 4-hydroxy derivative of AFB1, formed in liver and excreted into
the milk in the mammary glands of lactating animals that have been fed with AFB1
contaminated diet (Fallah et al., 2009; Gurbay et al., 2010). AFML1 is included in the first
group by International Agency for Research of Cancer (2002) due to its demonstrated
carcinogenic effects.

Milk has the greatest demonstrated potential for AFs introducing into the human diet since it
represents one of the main foodstuffs in human nutrition. Furthermore, infants and young
children eat and drink more relative to their size than adults, and due to high intake of milk,
children are the most susceptible population to the effects of AFM1 (Erkekoglu et al., 2008).
Furthermore, AFM1 is stable during production processes of pasteurization or ultra-high
temperature treatments, and because of that it is of great importance to provide the most
effective control of milk and dairy products in accordance with the defined maximum residue
levels set by the regulations. Maximum residue levels (MRL) of AFM1 in milk varies from
0.05 pg/kg in European Union (European Commission, 2006b) to 0.5 pg/kg established in
United States (FDA, 2011). Regulation for MRL of AFM1 in milk in Serbia (Serbian
Regulation, 2011) was recently harmonized and adopted with European Union Regulation
(European Commission, 2006b). However, presence of AFM1 in milk during January and
February 2013 (Kos et al., 2014) resulted in Regulation changes. During March 2013,
Serbian Government changed previously MRL of AFM1 from 0.05 ug/kg to 0.50 pg/kg
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(Serbian Regulation, 2013). However, at the beginning of July 2014 MRL was returned to
0.05 pg/kg (Serbian Regulation, 2014a), and after only then days MRL was changed to 0.25
ug/kg (Serbian Regulation, 2014b).

Since AFM1 had proven toxic effects at very low concentrations there is a need for sensitive,
reliable and accurate analytical method for its determination (Turner et al., 2009). A number
of analytical methods for the determination of AFM1 are available in the literature. Numerous
studies in the recent years highlighted Enzyme Linked Immunosorbent Assay (ELISA) as the
most frequently used technique for that purpose, followed by High Performance Liquid
Chromatography with fluorescence detector (HPLC-FLD) and Liquid Chromatography-
tandem mass spectrometry (LC-MS/MS) (Shephard et al., 2012; Shephard et al., 2013).
ELISA is defined as routine screening method which may be performed with a great number
of commercially available test kits (Neogen Veratox®, Lansing, USA; Tecna S. r. |., Trieste,
Italy; Ridascreen, R-Biopharm, Darmstad, Germany; Immunolab GmbH, Kassel, Germany;
etc.). The major advantages of ELISA method are minimal sample clean-up and preparation,
simple procedure and low cost. However, the major disadvantage of ELISA method is
possible cross-reactivity to similar compounds. Therefore, to avoid risk of obtaining false-
positive results confirmation by liquid chromatography based procedure is required (Anklam
et al., 2002).

On the other hand, LC-MS/MS method for analysis of AFM1 needs a cleanup process,
usually using immunoaffinity columns (IAC) before detection. This step is mainly multistage,
expensive and time-consuming. Furthermore, LC-MS/MS method has to be operated by
highly trained analysts and require the use of expensive analytical instruments (Wang et al.,
2011). In general, LC-MS/MS represent one of the most widespread analytical techniques for
guantitative purpose and also offer significant advantages over other techniques since they
provide good sensitivity and detection of trace level of toxins (Manetta et al., 2005; Wang,
2009). Whichever sample preparation procedure and technique are selected for
determination of AFM1 the whole procedure must be validated according to European
Regulation (European Commission, 2002) and Technical Report from European Committee
for Standardization (CEN/TR 16059, 2010).

The aim of this study was to validate and check performance of ELISA and LC-MS/MS
methods and to apply them for AFM1 analysis in naturally contaminated milk samples.

MATERIAL AND METHODS

Samples

The heat-treated skimmed milk samples were collected from supermarkets in Novi Sad
(Serbia) during September 2013. Examined samples were produced in one out of six largest
dairy producers in Serbia. Immediately after collection, the samples were transported to the
laboratory and analyzed. Before analysis the whole amount of samples in original packing
material were mixed on horizontal shaker (Benchmark Scientific, Orbi Shaker, Edison, USA)
in order to ensure homogeneity of the samples.

Out of twenty analyzed milk samples using ELISA technique, then were selected with the aim
to cover two different ranges of concentrations. The range of contamination were selected
with the aim to cover concentration near MRL according European Union (0.05 pg/kg) and
Serbian Regulation (0.50 pg/kg) which was valid at the time of examination.

Reagents

Determination of AFM1 by ELISA has been done using | ‘screen AFLAM1 test kit (Tecna S. r.
l., Trieste, Italy). For LC-MS/MS analysis methanol, acetonitrile and formic acid were
obtained from J. T. Baker (Deventer, The Netherlands). Ammonium formate was order from
Fluka Analytical (Sigma-Aldrich, Steinheim, USA). Sample preparation for LC-MS/MS
analysis was done using AflaStarTM M1 R-Immunoaffinity Columns (IAC) (Romer Labs Inc.,
Union, MO, USA). Ultra-pure water was produced by Milli-Q purification system (Milli-Q from
Millipore, USA).
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AFLA M1 standard with certificated concentration of 10 pg/ml was purchased from Sigma
Aldrich (Prague, Czech Republic). Standard stock solutions were prepared in acetonitrile and
stored at — 10°C.

Determination of AFM1 by ELISA

Milk samples were prepared according to the manufacturer’s instructions. Samples were
centrifuged at 3000g for 10 minutes (Tehtnica, Yugoslavia). The upper creamy layer was
removed by Pasteur pipette and 100 pl from the lower phase was used for the analysis.
Analyses were performed according to the test kits instructions.

Sample preparation for LC-MS/MS

Fifty ml of warm milk (30-35 °C) was filtered through a Whatman No. 4 filter paper (Whatman
International Ltd., Maidstone, UK) and applied to the IAC. Flow rate of the milk was
approximately 1-3 ml/min. After the milk completely passed, IAC was rinsed with 20 ml of
ultra-pure water. The AFM1 was eluted with 2 ml of methanol. Eluate was collected and
evaporated to dryness under gentle stream of nitrogen and reconstituted with 400 pl of initi