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assimilate lactose (p>0.05) during fermentation. Evaluating the decrease of lactose content in
the analyzed control and samples, and comparing with the initial lactose content in milk, it
should be considered as significant (p<0.05). That could be explained by B.lactis properties.
B.lactisis adapted in milk (Klein et al., 1998), consequently B.lactisis able to grow in milk
and use lactose as a nutrient for the cell energy metabolism.

Similar tendencies are could observe to analyze the data in Figure 2.
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Figure 2. The content of lactose in milk before* and after fermentatio
depending on the concentration of inulil

*The changes of the content of lactose in milk samples before fermentation are connected with the composition
of inulin. The content of glycose in inulin is calculated into the total content of lactose according to the standard
method for determination of lactose.

In the sample with 5% of inulin, lactose assimilation increases, however, there are not
established significant differences between the fermented milk samples with 2%, 3% and 4%
of inulin and with control samples (p>0.05).

The lactose content in milk samples with inulin and control before and after fermentation
(Figure 2) was established as significant (p<0.05). However, it should be remarked that
lactose assimilation depends on the type and concentration of the added prebiotics.
In literature can find indications about the ability of bifidobacteria to assimilate lactulose
(Ozer et al., 2005) and derivatives of raffinose (Martinez-Villaluenga et al., 2006). When
evaluating results, it should be taken into consideration that B.lactisis adapted in milk and
consequently the speed of multiplication in milk is higher than the other bifidobacteria
species. It does explain the decrease of lactose content in fermented milk samples.

The lactulose and inulin content is analysed in the research before and after milk fermentation
in order to be able to find out regularities among lactose, lactulose or inulin assimilation in
milk under the influence of B.lactis The content of lactulose in milk before and after
fermentation is reflected in Figure 3.

The obtained results show that bifidobacteria are able to ferment up to 50% of lactulose in the
product, except milk sample with 5% of lactulose where there was a decrease of lactulose by
2/3. When the lactulose concentration increases, the lactulose assimilation also increases in
milk and resulting in the increase of B.lactisin samples that indicates to a mutual interaction.
The obtained results confirm conclusions mentioned in literature about the bifidogenic effect

145



FOODBALT 2011

of lactulose (Palframan et al., 2002; Bouhnik et al., 2004) and bifidobacteria ability to
assimilate lactulose (Saarela et al., 2003).
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Figure 3. The content of lactulose in milk before and after fermentatio

The changes of lactulose content are significant (p<0.05). Consequently, a conclusion can be
drawn that B.lactispossesses ability to assimilate lactulose. It relates to conclusions found in
literature that bifidobacteria better multiply in the presence of lactulose (Rycroft et al., 2001).
Kontula et al. (1999), in turn, indicated that several microorganisms of the large intestine,
including also bifidobacteria, are able to utilize lactulose and lactitol.

When comparing the changes of lactose and lactulose content in the fermented milk samples,
it is apparent that B.lactis is able better to assimilate lactulose (the content of assimilated
lactulose increases from 47% to 66%) in comparison with lactose (the content of assimilated
lactose is from 9% to 31%). Evaluating the obtained data, it could be concluded that B.lactis
in combination with lactulose is suitable for the development of a synbiotic dairy product.
The content of inulin in milk before and after fermentation is given in Figure 4.
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Figure 4. The content of inulin in milk before and after fermentatior
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The obtained results confirm that bifidobacteria poorly assimilate inulin (10-20%). It is
reported in literature that B.lactis cannot assimilate inulin (Semjonovs et al., 2004).
Biedrzycka and Bielecka (2004) have indicated that the ability of bifidobacteria to assimilate
inulin is depending on the polymerization degree and the degree of purity. The inulin
assimilation decreases together with the increase of inulin polymerization degree and the
degree of purity. That does explain the results of inulin assimilation degree in fermented milk
samples.

Conclusions

1.

2.

The ability of B.lactishydrolyse lactose depends on the type and concentration of added
prebiotics.

B.lactisis characterized as being able to assimilate lactulose to 66% in comparison with
lower assimilation level of lactose (to 37%) and inulin (to 20%).

Lactulose should be considered as the most suitable substrate for growing of B.lactisin
milk.
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THE STUDY OF ATTENUATED STARTERS IN HOLANDES
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Abstract

Ripening is a slow, and consequently an expensive process. Acceleration of cheese ripening has received
considerable attention in the scientific literature (Fox et al., 1996, El Soda et al., 2003, Wilkinson, 1993,
Upadhyay and McSweeney, 2003).Certain approaches have been used to accelerate the ripening of cheese,
including the use of an elevated ripening temperature, addition of attenuated starters, and use of adjunct cultures.

The aim of the paper is to investigate the role of attenuated starter to formation of Holandes cheese sensory
properties.

Holandes cheeses (Edam type cheese) from one manufacturer with/without attenuated starter culture were
chosen for experiments. Cheese samples were ripened for 60 days at 6 °C and 12 °C. Cheeses were analyzed
during ripening (60 days) for chemical (aroma compounds), physical (ay, pH and elasticity) and microbiological
(colony forming units of lactic acid bacteria) composition. Mesophilic lactic acid bacteria were enumerated on
MRS agar at 37 °C 72 h. Volatiles were detected using solid phase GC/MS, the extraction of components was
carried out using of 75 um CAR-PDMS fibre. pH, a,, and elasticity of cheese samples were measured using
appropriate standards procedures.

Attenuated starter has impact on the sensory properties of Holandes cheese.The starter intensifies the flavour of
cheese and accelerates proteolysis without necessarily reducing of ripening time. Modification of the ripening
temperature influences the rate of flavour and structure development in Holandes cheeses. In spite of attenuated
starterthe slow development of flavour are observed in cheeses ripened at 6 °C.

Attenuated starter accelerates ripening, intensifies flavour and controlsthe growing of non starter lactic acid
bacteria in Holandes cheese.

Key words: Holandes cheese, attenuated starter, aroma compounds, ripening conditions

Introduction

Cheese ripening is a slow and expensive process. Acceleration of cheese ripening has
received considerable attention in the scientific literature (Fox et al., 1996, El Soda et al.,
2003, Wilkinson, 1993, Upadhyay and McSweeney, 2003). Various approaches have been
used to accelerate the ripening of cheese, including the use of an elevated ripening
temperature, addition of exogenous enzymes or attenuated starters, use of adjunct cultures,
use of genetically modified starter bacteria and high-pressure treatments.

The simplest and the most successful approach to accelerate ripening studied to date is an
elevated ripening temperature (Folkertsma et al., 1996). Modification of the ripening
temperature is used to control the rate of flavour development in hard cheeses, and ripening at
an elevated temperature results in the rapid development of flavour, although problems can
occur with texture.

Finally, recent advances in the genetics of lactic acid bacteria (LAB) and a greater
understanding of the role of specific enzymes in the generation of volatile flavour compounds
in cheese during ripening will facilitate the development of starter genetically modified to
enhance flavour development.

The aim of this paper is to investigate the role of attenuated starter to formation of Holandes
cheese sensory properties.

Materials and Methods

Unripened Holandes cheese (Edam type) samples with and without attenuated starter cultures
were chosen from one cheese manufacturer in Latvia. Cheese has 45% of fat content in
dry matter and not greater than 44% of moisture content according to the branch standard
LPCS 11:2001 “Holandes siers”.

Cheese samples were ripened for 60 days at 6 °C and 12 °C for evaluation of the influence of
attenuated starter on cheese ripening during the different temperature regimes. The ripening
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temperature at 6 °C was selected according to ordinary practice in Latvian cheesemaking and
at 12 °C was intended to achieve the classical sensory properties of Holandes cheese.

Cheese samples were analyzed during ripening for chemical, physical and microbiological
indices. Mesophilic LAB were enumerated on MRS agar at 37 °C 72 h.

Volatile compoundswere detected using solid phase GS/MS (Clarus 500 GC/MS,
PerkinElmer Inc.), the extraction of components was carried out using of 75 um CAR/PDMS
fibre.

pH was measured using 3520 pH Meter — JENWAY (Barloworld Scientific Ltd., Essex, UK).
The compression force for measurement of cheeses elasticityas determined by TA.XT Plus
Texture Analyser (Stable Microsystems Ltd., Surrey, UK).A spherical probe (P/1S — Ball
Stainless) was used for compression of sample. Test speed, distance and trigger force were
2mms™, 5 mm and 0.0493 N, respectively.

Water activitywas determined by Meter Aqualab LITE (Decagon Inc, USA).

All parameters were determined in triplicate or more according to the method of procedure.
Analysis of variance (ANOVA)was performed in order to identify significant differences in
pH and elasticity between cheeese samples with and without attenuated starter.

Results and Discussion

The quality and intensity of cheese flavour cannot be predicted precisely during ripening.
There is an economic incentive for the development of methods for the acceleration of cheese
ripening, provided that the flavour and texture can be maintained and characteristic of the
variety (Fox et al., 2000). Acceleration of cheese ripening can be achieved by various
practices among them could be mentioned elevated ripening temperatures and usage of
attenuated starter.The influence of above mentioned factors on ripening Holandes cheese have
been analyzed.

Colony forming units of non starter lactic acid bacteria in analysed Holandes cheese samples
were presented in Figure 1.
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Figure 1.The dynamic of colony forming units of non starter lactic acid bacteria in
Holandes cheeses with/without attenuated starter during ripening
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The differences in non starter lactic acid bacteria colony forming units were observed in
cheeses with and without attenuated starter from the beginning of ripening. The highest value
of colony forming units was observed in Holandes cheese samples with attenuated starter
(7.45 log CFU g") comparing with Holandes cheese samples without attenuated starter
(4.62 log CFU g™).
On 30 day of ripening the growth of colony forming units was 7.83 and 7.10 log CFU g in
comparisson with initial numbers, reaching peak value for cheese ripening at 12 °C. The
obtained results showed that the lowest growing rate of non starterlactic acid bacteria was
detected in Holandes cheese samples with attenuated starter during ripening. Cheese samples
maturated at 6 °C the peak value of colony forming units reached after 45 days of ripening.
Ripening at 6 °C reduces lactic acid bacteria growth rate. However, successful ripening at
elevated temperatures requires careful control of cheese composition and microflora.
During ripening enzymes such as residual chymosin, residual plasmin and enzymes from the
starter bacteria and cheese microflora are still active and metabolise residual lactose, protein
and fat till different compounds, also loss of water by evaporation is observed. Salt content,
lactate concentration, amino acids, small peptides and calcium phosphate are important for
changes of water activity from 0.995 at the beginning till 0.971 at the end of ripening in
cheese. Water activity influences the proliferation of microorganisms in cheeses. There are
find differences in the growing rate of microorganisms between samples with and without
attenuated starter during ripening.
The growth rate and population density of non starter lactic acid bacteria are affected by pH
of cheese. The changes of cheese pH during ripening are showed in Figure 2.
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Figure 2.The dynamics of pH in Holandes cheeses with and without attenuated starter
during ripening

The ripening temperature influences the rate of proteolysis, lypolysis, cheese microflora,
texture and aroma of cheese and as a result observes more rapid elevation of pH curves. Also
higher pH was determined in Holandes cheese samples with attenuated starter in the
beginning of ripening. It could be explained by origin of alkaline products of proteolysis due
to proteolytic and peptidolytic activity of attenuated starter (Cogan et al., 2002). Also,
attenuated starters can be defined as lactic acid bacteria which are unable to produce
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significant levels of acid during cheesemaking, but which provide active starter enzymes that
are important for cheese ripening and flavour development. There are observed some
similarities in the dynamics of pH between cheese samples with and without attenuated
starter. Due to higher initial pH of samples with attenuated starter the increasing of pH
continues during ripening, reaching pH 5.74 at ripening temperature of 12 °C and pH 5.66 at
ripening temperature of 6 °C. This differs significantly (p<0.05) from cheeses without
attenuated starter, respectively, pH 5.62 at 12 °C and pH 5.52 at 6 °C.

The development of volatile compounds in Holandes cheese samples have been studied
throughout ripening period. 24 compounds, each with a distinctive aroma character, have been
identified in cheese, and these provide the largest contribution to diversity of cheese flavour.
Compounds identified in cheeses include fatty acids (acetic, butanoic, hexanoic, octanoic,
nonanoic, decanoic and dodecanoic acids), ketones (2-pentanone, 2-undecanone, diacetyl,
acetoin, 2-octanone, 2-undecanone, 2-nonanone, 2-heptanone), alcohols (3-methyl butanol, 1-
pentanol, 2-methyl propanol), aldehydes (nonanal, octadecanal, 3-methyl butanal,
benzaldehyde), lactones (6-dodecalactone) and D-limonene.

The same volatile compounds were present in each type of cheese. Differences were observed
in the levels of 3-methyl butanol, 1-pentanol, 2-pentanone, acetoin, 2-octanone, 2-nonanone,
2-undecanone, nonanal, 3-methyl butanal, benzaldehyde. In cheeses with attenuated
starterhave the higher levels of mentioned components than in cheeses without attenuated
starter. The influence of cheese microflora on volatile compounds production was observed.
Moreover, the levels of all compounds increased in cheese at a ripening temperature of 12 °C,
compared with 6 °C.

The influence of ripening on Holandes cheese texture properties was showed in Figure 3.
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Figure 3.The changes of texture in Holandes cheeses with and without attenuated starter

during ripening

The changes of cheese elasticity were observed in cheese samples. Some authors
(Bertola et al., 2000) were found that texture development was accelerated by increasing the
ripening temperature. According to Lawrence (1987) data, the cheese texture changes
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markedly during the first two weeks of ripening and exactly ripening temperature has
significant impact on cheese texture during all ripening.

Holandes cheese with attenuated starter was softer (p<<0.05) and the tendency was maintained
during ripening at 6 and 12 °C. It indicated on higher proteolysis rate in cheeses with
attenuated starter due to increase of water soluble nitrogen fraction that contribute to water
binding and texture softening (Waagner, Nielsen, 2004). Besides softer texture, differences in
the flavour profile of cheese can be observed analyzing the volatiles in cheeses. The flavour
of the ripened cheese samples is richer and more complex when attenuated starter is used in
cheese production. It could be explained with different volatile compounds, each with a
distinctive aroma character, have been identified in cheese sample, and these provide the
largest contribution to the diversity of cheese flavour.

Conclusions

1. Attenuated starter accelerates ripening, intensifies flavour and controls non starter lactic
acid bacteria in Holandes cheese.

2. Attenuated starteris unable to produce significant levels of lactic acid during
cheesemaking.

3. The higher levels of 3-methyl butanol, 1-pentanol, 2-pentanone, acetoin, 2-octanone,
2-nonanone, 2-undecanone, nonanal, 3-methyl butanal and benzaldehyde are established
in cheeses with attenuated starter than in cheeses without attenuated starter.

4. In spite of attenuated starterthe slow development of flavour are observed in cheeses
ripened at 6 °C.
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Abstract

Berries contain a diverse array of nutrients with recognized biological activities that promote or contribute to health.
The content and diversity of vitamins is often the basis for promoting increased daily intake of berries. The current
research focuses on the evaluation of vitamins and amino acid content in wild and cultivated cranberries grown in
Latvia. The research was accomplished on fresh Latvia wild growing (Vaccinium oxycoccuk.) and cultivated
cranberries (Vaccinium macrocarpomit.) harvested in Kurzeme region: wild cranberries and cranberries cultivars
‘Early Black’, ‘Ben Lear’, ‘Stevens’, ‘Bergman’ and ‘Pilgrim’. The following quality parameters of cranberries
were controlled using standard methods: vitamin E (AOAC 971.30), vitamin B; (AOAC 986.27), vitamin B,
(AOAC 970.65), vitamin C (LVSEN 14130:2003), amino acids except tryptophan (ion-exchange method),
tryptophan (spectrophotometric method). The results of current research demonstrate that very similar vitamin C
content was detected in cranberry cultivars: ‘Stevens’, ‘Bergman’ and ‘Ben Lear’. The lowest vitamin C content
was detected in wild cranberries and cranberry cultivar ‘Early Black’, 46.98+3.42 and 47.48+3.42 mg-100 g in dry
matter (DM) respectively. During current research it was found, that the content of vitamin B, and B, in cranberries
was similar. The higher vitamin E content was found in wild and cranberry cultivars ‘Ben Lear’ and ‘Pilgrim’, ie.,
1.56 mg 100g", 1.50 mg 100g" and 1.58 mg 100g" in DM respectively. Higher essential amino acid content was
found in wild and cranberry cultivars ‘Bergman’, ‘Pilgrim’ and ‘Early Black’ 1.94 g100g”, 2.06 g 100g™,
1.83 g 100g™ and 2.23 g 100g™" in DM respectively.

Key words: amino acids, vitamins, cranberry cultivars

I ntroduction

Berries contain a diverse array of nutrients with recognized biological activities that promote or
contribute to health; different kinds of anti-oxidant compounds, including flavonoids, phenolics,
carotenoids and vitamins, which are all considered beneficial to human health, for decreasing
the risk of degenerative diseases by reduction of oxidative stress, and for the inhibition of
macromolecular oxidation (Heber, 2004; Rangkadilok et al., 2007).

Vitamins are a diverse group of compounds, both chemically and analytically, because they
comprise a range of biomolecules whose common properties reside solely in the fact that they
are essential dietary components. These compounds are needed in relatively small amounts to
sustain life and good health (Bates, 1999).

Vitamin C (Figure 1) is the most important vitamin for human nutrition that is supplied by fruits
and vegetables. L-Ascorbic acid (AA) is the main biologically active form of vitamin C. AA is
reversibly oxidised to form L-dehydroascorbic acid (DHA), which also exhibits biological
activity. Since DHA can be easily converted into AA in the human body it is important to
measure both AA and DHA in fruits to know vitamin C activity (Davey et al., 2000; Deutsch,
2000). AA is widely distributed in plant cells where plays many crucial roles in growth and
metabolism. As a potent antioxidant, AA has the capacity to eliminate several different reactive
oxygen species, keeps the membrane-bound antioxidant d-tocopherol in the reduced state, acts
as a cofactor maintaining the activity of a number of enzymes (by keeping metal ions in the
reduced state), appears to be the substrate for oxalate and tartrate biosynthesis and has role in
stress resistance (Arrigoni and De Tullio, 2002; Klein and Kurilich, 2000).

In foodstuffs, the vitamins B;, B, (Figure 1) and B¢ may be present in free (thiamine, riboflavin,
pyridoxol, pyridoxal and pyridoxamine) and phosphorylated forms (essentially thiamine
pyrophosphate, riboflavin-5’-phosphate (FMN), riboflavin-5’-adenosyldiphosphate (FAD) and
pyridoxal phosphate (Ndaw et al., 2000).

Thiamin (Figure 1) is one of the least stable of the water-soluble vitamins when the pH of the
matrix approaches neutrality. Vitamin is characterized by a pyrimidine ring linked by a
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methylene bridge to the 3-nitrogen atom in a substituted thiazole; the vitamin is highly
susceptible to losses during thermal processing. Riboflavin (Figure 1) is stable to heat and
oxidation if protected from light; thus, most food processing operations have little effect on
riboflavin content (Eitenmiller et al., 2008).
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Figure 1. Ascorbic acid (reduced form) (a), free thiamine base (b), riboflavin (c
a-tocopherol (d) (Eitenmiller et al., 2008)

Vitamin E (Figure 1), also known as d-tocopherol, is an important vitamin found largely in
plant materials. Its complex biological functions may include anti sterility, an antioxidant role.
The beneficial role of vitamin E in preventing degenerative physiological process and ageing is
still being investigated (Tiitem et al., 1997). Biologically, vitamin E functions as the primary
antioxidant and as a peroxy free radical scavenger. It is the primary, lipid-soluble, chain-
breaking antioxidant that combines actions with other lipid- and water-soluble antioxidants to
provide cells with an efficient defense against free radical damage. Free radicals are chemical
species capable of independent existence that contain one or more unpaired electrons
(Eitenmiller et al., 2008).

Amino acids are important of these is concerned with assessing the nutritional value of food and
drink products. The monitoring of fermentation and correlated flavour trends in the
development of foods and drinks, and the assessing of levels of amino acid fortification also
require these compounds to be analyzed (Callejon et al., 2010). For example, Lysine (Lys) is an
essential amino acid in humans because there is no Lys biosynthetic cellular machinery
(Seminotti et al., 2008); the threonine (Thr) dehydrogenise catalyzes the NAD-dependent
(nicotinamide adenine dinucleotide) oxidation of L-threonine to 2-amino-3-ketobutyrate
(or 2-amino-3-oxobutanoate (Chen et al., 1995) and the Methionine (Met) is an essential amino
acid with an important role in biological methylation reactions. It constitutes the main supply of
sulphur in the diet, preventing disorders in hair, skin or nails. Moreover, it helps to reduce
cholesterol levels by increasing the lecithin production in liver, being also a natural chelating
agent for heavy metals (Agiii et al., 2004).

The current research focuses on the evaluation of vitamins and amino acid content in wild and
cultivated cranberries grown in Latvia.

Materials and Methods

The research was accomplished on fresh Latvia wild growing (Vaccinium oxycoccuL.) and
cultivated cranberries (Vaccinium macrocarpolAit.) harvested in Kurzeme region in the first
part of October 2010: wild cranberries and cranberry cultivars ‘Stevens’, ‘Bergman’,
‘Ben Lear’, ‘Pilgrim’ and ‘Early Black’ (the moisture content of berries is summarized
in Table 1).

The following quality parameters of cranberries were controlled using standard methods:
vitamin E by AOAC 971.30, vitamin B; by AOAC 986.27, vitamin B, by AOAC 970.65,
vitamin C by LVSEN 14130:2003, amino acids except tryptophan by ion exchange method
(Stavikova and Htka, 2008), tryptophan by spectrophotometric method (Ren et al., 2007).
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Table 1
Moisture content of fresh cranberries
No. Cranberry cultivar Moisture content, %
1 | wild 85.91+2.40
2 | ‘Stevens’ 86.52+3.12
3 | ‘Bergman’ 88.19+2.85
4 | ‘Ben Lear 87.36+2.91
5 | ‘Pilgrim’ 87.36+2.12
6 | ‘Early Black’ 86.31+3.73

Data are expressed as mean + standard deviation; for the mathematical data processing Sheffe
test was used and p-value at 0.05 was used to determine the significant differences. Experiments
were carried out in triplicate.

Results and Discussion

Mainly fresh cranberries contain 13.3 mg 100g™ of Vitamin C (Nutritional value..., 2011), it is
103.34 mg lOOg'1 in DM; however, in Latvia grown cranberries contain lower Vitamin C
content (Table 2), what mainly could be explained with climatic conditions. In the present
research after acquired data mathematical processing it was established, that there is substantial
difference in Vitamin C content in analysed wild and cultivated cranberries (p=0.001) grown in
Latvia. Similar Vitamin C content, i.e., differences was not substantial (p=0.511), was found in
cranberry cultivars ‘Stevens’, ‘Ben Lear’ and ‘Bergman’, it was ~1.2 times or by 21% higher
comparing to Vitamin C content in wild cranberries — 46.98+2.83 mg 100g™ in DM, what is
substantially (p=0.001). The lowest Vitamin C content was detected in wild cranberries
(Table 2): it was by 10% less (substantially, p=0.001) than vitamin C content in cranberry
cultivars ‘Pilgrim’ and by 1% less (not substantially, p=0.053) than vitamin C content in
cranberry cultivar ‘Early Black® (Table 2). Else, there is found substantially difference
(p=0.001) in vitamin C content in cranberry cultivars ‘Pilgrim’ and ‘Early Black’. Vitamin C
content in berries mainly depend on variety individuality, weather conditions during growing
period, age of plant, ripening level, fertilizers presence and other factors.

Table 2

Vitamin C content in dry matter of fresh cranberries

NoO Cranberry Content of Vitamin C,
' cultivar mg- 100 ¢
1 | Wild 46.98+2.83
2 | ‘Stevens’ 57.054£3.12
3 | ‘Bergman’ 56.56+1.45
4 | ‘Ben Lear’ 57.834+3.22
5 | ‘Pilgrim’ 51.89+2.11
6 | ‘Early Black’ 47.48+2.75

The Recommended Dietary Allowances (RDA) of Vitamin C are 75 to 90 mgd™” for adult
women and men, respectively (Eitenmiller et al., 2008). Therefore, it will be necessary to use in
nutrition about ~1.0 kg d™' of fresh cranberries to reach RDA. It is known, that many berries
contain concentrations of food folate, B vitamins such as niacin, tocopherols, and vitamin K,
which are important for human health. Therefore it was very important to analyse B group and
vitamin E content in cranberries. As the literature data demonstrate, the content of Thiamin in
fresh cranberries is 0.012 mg 100 g, Vitamin E — 1.2 mg 100 g”' (Nutritional value..., 2011).
By Eitenmiller (2008) RDA as set by the Institute of Medicine in the Dietary Reference Intake
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(DRI) for thiamin (Vitamin B) are 1.2 and 1.1 mgd™ for adult men and women, respectively.
Our experiments show (Figure 2), that cranberries will be not as a source of thiamin B, in diet,
because 100 g of fresh cranberries contains ~0.03 mg of Vitamin B,, i.e., ~3% of RDA.
However, positively is to observe, that Vitamin B; was detected in cranberries. After
mathematical data processing it was found, that there is no relevant differences (p=0.051,
p=0.833, p=0.057) between wild, ‘Stevens’ and ‘Bergman’ cranberry cultivars and between
‘Ben Lear’, ‘Pilgrim’ and ‘Early Black’ (p=0.051, p=0.290, p=0.292) in Vitamin B; content.
However, relevant difference in Vitamin B; content was found between wild, ‘Stevens’,
‘Bergman’ and ‘Ben Lear’, ‘Pilgrim’ and ‘Early black’ cranberry cultivars (p=0.001). It was
ascertained, that in cranberry cultivars ‘Ben Lear’, ‘Pilgrim’ and ‘Early Black’ Vitamin B,
content was equally by 50% less than Vitamin B; content in wild, ‘Stevens’ and ‘Bergman’
cranberry cultivars, what mainly could be explained with berries individuality and Vitamin B,
formation intense in berries during growing. The RDA for riboflavin (Vitamin B,) range from
0.5 mgd™ for children (1-3 years) to 1.6 mg d"' for males and females. The RDI used for the
nutritional label declaration is 1.7 mg (Eitenmiller et al., 2008). Therefore, 100 g of fresh
cranberries contains ~0.04 mg of Vitamin B,, i.e., ~3% of RDA. There is found substantial
difference (p=0.001) in Vitamin B, content in analyzed cranberries. The content of Vitamin B,
was significantly higher (p=0.001) in ‘Bergman’ and ‘Ben Lear’ cranberry cultivars by 74% and
61% respectively comparing to wild cranberries (Figure 2), what mainly could be explained
with variety individuality and fertilizers presence during berries growing. However, there is no
found significant difference in analyzed vitamin content in ‘Stevens’ (p=0.833), ‘Ben Lear’
(p=0.864) and ‘Pilgrim’ (p=0.052) cranberry cultivars comparing to wild berries.
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Figure 2. B;, B, and E vitamin content in dry matter of fresh cranberries

By Eitenmiller (2008) Estimated Average Requirement (EAR) and Reference Daily Intake
(RDA) are 12 mg and 15 mg of Vitamin E (a-T) per day, respectively. The upper intake level
(UL) value includes all forms of a-T from supplemental intake of all-rac-a-T. The UL is
1000-mg d™'. Therefore, 100 g of fresh cranberries contains ~0.2 mg of Vitamin E, i.e., ~1.3%
of RDA. In present research it was found, that there is no significant difference in vitamin E
content between wild and ‘Pilgrim’ (p=0.911), wild and ‘Ben Lear’ (p=0.575) cranberry
cultivar However, the content of Vitamin E is significantly (p=0.04 and p=0.02) lower in
cranberry cultivars ‘Stevens’ and ‘Early Black’ by 14% and 16% respectively comparing to
wild cranberries.
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Higher total irreplaceable amino acid content was found in wild and cranberry cultivars
‘Bergman’, “Pilgrim’ and “Early Black’ — 1.94 g 100g™, 2.06 g-100 g" in DM, 1.83 g 100 g
and 2.23 g 100 g in DM respectively, lower — in ‘Stevens’ and ‘Ben Lear’ — 1.46 g 100 g’
and 1.12 g 100 g in DM respectively. Thereby, significant difference (p=0.001) was found in
total essential amino acid content in ‘Stevens’ (by 25% less), ‘Ben Lear’ (by 42% less) and
‘Early Black’ (by 15% higher) cranberry cultivars comparing to wild grown berries.
0.55
0.50
0.45
0.40
0.35
0.30 T
0.25 T g
0.20 h
0.15 #d |
0.10 :F ¥
0.05 | ; -] _ ; ;
OOO . : . : . . | : | : 3 ) :
Thr Val Met Ile Leu Phe His Lys
Amino acid

BOWild @'Stevens' 0O'Bergman' @M'Ben Lear' B&'Pilgrim' £B' EarlyBlack'

FH

o o |

Content, g-100d

i

R R R . 1 |
T

A R A AR R A AR RS

FF TS

R

T
TN
T2 7777

TTIS

5

Figure 3. Essential amino acid profile in dry matter of fresh cranberries

In the present experiments it was established, that the content of threonine, tryptophan,
isoleucine and histidine in berries was low. However, equally the content of leucine is by 45%,
lysine by 15%, valine and phenylalanine by 14% was higher comparing to threonine,
tryptophan, isoleucine and histidine content in cranberries. By Amino Labs (2011) RDA for
essential amino acids range from ~4 g d™' for females to ~5 g d™' for males. Therefore 100 g of
fresh cranberries contains ~0.1 g of essential amino acids, i.e., ~3% of RDA.

Conclusions

1. Similar Vitamin C content was found in cranberry cultivars ‘Stevens’, ‘Ben Lear’ and
‘Bergman’, it was by 21% higher comparing to Vitamin C content in wild cranberries —
46.98+2.83 mg 100 g in dry matter; the lowest Vitamin C content was detected in wild
cranberries.

2. There is no relevant differences between wild, ‘Stevens’ and ‘Bergman’ cranberry cultivars
and between ‘Ben Lear’, ‘Pilgrim’ and ‘Early Black’ in Vitamin B; content. In cranberry
cultivars ‘Ben Lear’, ‘Pilgrim’ and ‘Early Black’ Vitamin B; content was equally by 50%
less than Vitamin B; content in wild, ‘Stevens’ and ‘Bergman’ cranberry cultivars.

3. There is found substantial difference in Vitamin B, content in analyzed cranberries: the
content of Vitamin B, was significantly higher in ‘Bergman’ and ‘Ben Lear’ cranberry
cultivars by 74% and 61% respectively comparing to wild cranberries.

4. There is no significant difference in vitamin E content between wild and ‘Pilgrim’, wild and
‘Ben Lear’ cranberry cultivars; the content of Vitamin E is significantly lower in cranberry
cultivars ‘Stevens’ and ‘Early Black’ by 14% and 16% respectively comparing to wild
cranberries.
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5. Significant difference was found in total essential amino acid content in
‘Stevens’ (by 25% less), ‘Ben Lear’ (by 42% less) and ‘Early Black’ (by 15% higher)
cranberry cultivars comparing to wild grown berries.

6. As results of current research demonstrate fresh cranberries could be source of Vitamin C in
diet but not of Vitamins B, B,, E and essential amino acids.
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Abstract

In this study, the authors measured chemical properties, antioxidant potentials, and microbial composition of
eight commercially available varieties of honey from South Africa. Their pH values ranged from 3.61 +0.03 to
6.65+0.02, while the electrical conductivity varied between 12+3 to 93+0.4 mS m™. Concentrations of
mesophilic bacteria ranged from (1.4+0.4) x 10" to (1.55+0.09) x 10° CFUs g'1 wet weight of honey, and there
was between (2.3+0.5) x 10" to (3.3+2.3) x 10° CFUs: g'1 wet weight of honey of mesophilic fungi. No threats to
human health would result from the consumption of any of the honey varieties studied as the faecal coliform
concentrations, and the concentrations of Salmonella sppwere below the detection limit of 1-9 CFUs g™ wet
weight. All samples had antioxidant activity as supported by results of the ATBS and DPPH assays. At the same
time, the square-wave voltammetry showed that this activity resulted from two compounds at half-position
potentials between 0.207+0.003 and 0.293+0.003 V; and from 0.444+0.001 to 0.524+0.031 V. Based on the
Kruskal-Wallis analysis at 5% level of significance, the average values of all but one of the parameters were
different among the honeys (all p-values <0.0124). Stratification of mesophilic fungi was observed in all the
studied samples which probably resulted in no difference among the fungal concentrations, i.e. p-value was
equal to 0.0740. Preliminary identification of fungal species is presented.

Keywords: honey, South Africa, composition

I ntroduction

Saccharides, such as fructose and glucose, have been shown to account for 85 to 95% of
honey by weight (Gomes et al., 2010). In South Africa, honey has long been used as the raw
materials for fermentation of mead-like alcoholic beverages (Cambray, 2005) and it is also
consumed raw as sweetener. Plants used for honey production include Aloe greatheadii var.
davyana (Human and Nicolson, 2008),Leucospermum cordifoliuland Erica speciegBasson
and Grobler, 2008). To date, the research activities have focused on the wound-healing
properties of honey (Karpelovsky et al. 2007), antimicrobial activity against Candida
albicans Staphylococcus oralis and Staphylococcus autBasson and Grobler, 2008); and
Helicobacter pylori(Manyi-Loh et al., 2010). A lot of research has been conducted on the
biology and diseases of the honey bee (e.g. Dieteman et al., 2006); and beekeeping in South
Africa (Charles, 2005). Quality of honey depends on the sensory, chemical, physical and
microbiological properties (EU, 2001). Data of this kind is currently missing from the
literature in South Africa and so it is the aim of this article to address this knowledge gap.

Materials and Methods

Eight commercially honeys were purchased from supermarkets and local shops in the
following provinces of South Africa: Eastern Cape, Western Cape, and North West. The
honey samples were stored at room temperature until the analyses were performed. The
following chemicals and consumables were purchased from Merck (Pty.) Ltd.
(Johannesburg/Cape Town, South Africa): m-FC agar, sodium chloride, nutrient agar, potato-
dextrose agar, XLD agar and tetrathionate broth for Salmonella enumeration, ascorbic acid,
brilliant green, potassium iodide and iodine. Hanna water testers for measurement of pH and
electrical conductivity (EC) were purchased from Sigma-Aldrich (Johannesburg, South
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Africa). Chemicals for the antioxidant assays in the DPPH and the ABTS methods were also
purchased from this supplier. Sterile 40 mL urine jars for microbial sampling and dilutions
were purchased from EC Labs (renamed to Spellbound Inc., Port Elizabeth, South Africa).
Values of pH and EC were measured using the method of Gomes et al. (2010). For
microbiological analyses, 5-30 g wet weight of the particular honey sample (accuracy 0.01 g)
was dispensed into a 40 mL sterile urine jar. Nine to 15 millilitres of sterile physiological
saline solution was added and the sample was homogenised by hand-shaking. The aim was
ensure complete visible dissolution of the honey in question. Decimal dilutions in
physiological saline of the samples were then performed under aseptic conditions.
Concentrations of mesophilic bacteria (MB) were enumerated after spread-plating onto
nutrient agar, while the mesophilic fungi (MF) were spread-plated onto potato-dextrose agar.
Colonies were counted after incubations at 30 °C for 48 hours for bacteria and after 96 hours
at 32 °C for fungi. Faecal coliforms were spread-plated onto m-FC agar and counted as blue
colonies after growth at 44.5 °C for 24 hours.
Separate samples were prepared for enumeration of Salmonella sppTwo millilitres of the
diluted sample was mixed with 20 mL of in tetrathionate broth and incubated at 37 °C for
18 hours. After this 1 mL was re-inoculated onto the XLD agar and Salmonella spp. was
quantified as the number of red colonies that grew after further 48 hours at 37 °C. All
incubations were done in one of the following incubators: the Labcon incubator Model
FSIM B (Labmark, Johannesburg, RSA), the TS 606/3-1 incubator (WTW, Weilheim,
Germany), the Labcon low temperature incubator LTIE 10 (Labmark, Johannesburg, RSA);
and/or the Heraeus Model FT 420 (Heraeus Kulzer GmbH, Dormagen, Germany). All
sterilisations were conducted using the Model RAU-53Bd REX MED autoclave (Hirayama
Manufacturing, Tokyo, Japan). Microbial concentrations are reported as colony forming units
1 g wet weight of the honey (CFUs-g™).
Antioxidant activity of the individual honey samples was evaluated using the DPPH and the
ABTS methods; as well as using square-wave voltametry. For the DPPH assay, a 72 mgm L™
DPPH solution was made up in 80% methanol, followed by a 100 ug cm™ ascorbic acid stock
solution in MilliQ water (Millipore-Microsep, Port Elizabeth, South Africa). The calibration
solutions were prepared by diluting the ascorbic acid stock solution with MilliQ water. In this
way, a range of solutions with the following ascorbic acid concentrations was obtained the
following concentrations (p1g cm'3): 2,4, 6,8, 10, 15, 20, 25, 30, 35, 40, 45 and 50. Two
hundred microlitres of DPPH solution was added to each standard in the microtitre plate and
the plate was placed into the Powerwave plate UV/VIS spectrophotometer (BioTek,
Winooski, USA). Antioxidant activity was evaluated using Eq. (1) after taking reading every
15 seconds for 5 minutes.

('%tandard - AHoney )

tandard

Antioxidant activity of honey =100 x

(1)

In Eq. (1), Astandara 1S the average absorbance at 515 nm for ascorbic acid (dimensionless), and
Ationey 1s the average absorbance at 515 nm for the particular honey sample (dimensionless).
Antioxidant activity was measured as ascorbic acid equivalents.

For the ABTS method, 7mM ABTS solution was prepared by weighing out 0.3845 g ABTS
and dissolving it in 80 cm’ of MilliQ water. Then 0.0662 g of K;S,03 was added and the
volume was made up to 100 cm’ with MilliQ water. The solution was left to stabilise
overnight and the ABTS solution was diluted to obtain a solution with absorbance 0.8—1.0 at
734 nm. A 100 pg cm™ stock solution of TROLOX was made up in 100% ethanol and it was
further diluted to obtain the following concentrations (pug cm'3): 2,4,6,8, 10, 15, 20, 25, 30,
35 and 40. The rest of the procedure was analogical to that of DPPH and results were
evaluated according to Eq. (1). To identify the number of antioxidants in each honey sample,
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square-wave voltammetry was performed on the Potentiostat/Galvanostat 30 (PGSTAT 30;
Eco Chemie, Netherlands) and antioxidation capacity was quantified using the peak potential
at half height (half-position potential) and number of electrochemical peaks detected
(Harbertson and Spayd, 2006).

If there were statistically significant differences in the properties of individual honey varieties
was examined using the one-way Kruskal-Wallis analysis of variance at 5% level of
significance (KW analysis; Past statistical software package version 2.0, Paleontological
Museum, Oslo, Norway and Geological Museum, Copenhagen, Denmark).

Results and Discussion

No threats to human health would result from the consumption of any of the honey varieties
studied as the faecal coliform concentrations, and the concentrations of Salmonella spp., were
below the detection limit of 1-9 CFUs- g wet weight. The remaining results are summarised
in the text below and mainly in Table 1. The pH values of the samples ranged from 3.61+0.03
to 6.65+0.02, while the EC values varied between 12+3 to 93+0.4 mS m!. Concentrations of
MB ranged from (1.4+0.4) x 10" to (1.55+0.09) x 10° CFUs g'wet weight of honey, and there
was between (2.3+0.5) x 10'to (3.3+2.3) x 10° CFUs g'1 wet weight of honey of MF.
Morphological examination of the growth characteristics showed that 8 different species of
bacteria and 15 different species of fungi were present in the honey samples. More direct
identification is currently underway. Preliminary results indicate that 2 of the bacterial isolates
belonged to the genus Bacillus sppwhile 1 fungal isolate was identified as belonging to the
species Saccharomyces spp. These species have been reported in honey by Snowdon and
Cliver (1996). Additional identification will be conducted using DNA sequencing, but this
work will commence once additional funding becomes available.

All samples had antioxidant activity as supported by results of the ATBS and DPPH assays.
In both assays, there was no statistical difference in the antioxidant properties of the
individual honey varieties (p-values >0.120 in all cases). On average, the antioxidant
activities honeys were 43 and 62% lower than the respective assay standard used in teh ATBS
and the DPPH assays. The square-wave voltammetry showed that this activity resulted from
two compounds at half-position potentials between 0.207+0.003 and 0.293+0.003 V; and
from 0.444+0.001 to 0.524+0.031 V. Based on the Kruskal-Wallis analysis at 5% level of
significance, the average values of all but one of the parameters were different among the
individual honey samples (all p-values <0.0124). Stratification of MF was observed in all the
studied samples led to this observation (p-value =0.0740). Maximum values for the other
parameters from Table 1 were observed for the following samples: Fynbos for pH and EC,
Melior for MB, Blue Gum for MF, Goldcrest for the first peak potential and Champagne for
the second square-wave peak.

Table 1
Chemical, microbial and antioxidant properties of the honey varieties

EC MB MF E: =

Sample PH | msmt | CFUs g*| CFUs g* V) V)
Goldcrest 3.61+0.03 12+4 44+7 400+361 0.272+0.036 | 0.484 £0.047
Melior 3.75+0.01 40+2 1600+97 33432 0.208+0.003 | 0.498+0.003
Fynbos 6.65+0.02 93+0 70+18 300+294 0.217+0.011 | 0.476+0.006
Champagne | 3.70+0.04 33+3 90+21 1000£1040 | 0.209+0.005 | 0.524+0.031

Blue Gum 330000

3.90+0.02 13+1 140+13 +232191 0.2934+0.003 | 0.444+0.001
Ikaros 3.77+0.03 27+0 29+6 4000+3987 | 0.207+0.003 | 0.493+0.003
Cape Coast | 4.47+0.01 32+1 1444 23+5 0.266+0.004 | 0.511+0.004
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Concentrations of FC, MB and MF, along with the values of pH, EC, are comparable to the
data of Gomes et al. (2010). Likely sources of bacteria include the intestines of the
worker bees, pollen, and post-harvest handling by the processing plant staff (Snowdon and
Cliver, 1996). Sanitary conditions at the processing plants can be considered within regulatory
guidelines, as no faecal coliforms or Salmonella sppcells were detected in either of the
honey samples. Highly acidic values of the pH measured in the analysed honey varieties
indicate that saccharides present in the samples were probably fermented into organic acids
(Gomes et al., 2010). The results of the square-wave analysis indicate that all eight honey
samples have strong antioxidation potential, since position potential values are below 0.5 V
(Harbertson and Spayd, 2006).

Conclusions

1. Eight honeys from South Africa showed to be safe for human consumption, and showed
to have strong antioxidant potentials.

2. Further research will focused on the precise identification of the mesophilic bacteria and
fungi isolated in this study; and identification of the antioxidant compound.
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Abstract

The rowanberries (Sorbus aucupari@ are small orange-red “fruits” of a rowan tree. These berries have been
described as an important source of flavonoids, and their antioxidant activity affects reactive oxygen species and
lipid peroxidation; therefore they are suitable for production of health-food products. The aim of this experiment
was to prepare new product — rowanberries in powder sugar, and to determine chemical and physical properties of
samples. The experiments were prepared in the Faculty of Food technology of Latvia University of Agriculture and in
the Customs laboratory of National Customs Board of State Revenue Service. The berries of cultivars 'Moravica' and
'Michurinskaya Krasnaya', and hybrid of rowanberry X hawthorn 'Granatnaya' were used for investigations. The
rowanberries 'Granatnaya' in powder sugar were packed in carton and plastic (biodegradable PLA and
conventional PP) boxes and kept three weeks at room temperature. The content of ascorbic acid and total
carotenoids, the firmness of experimental products and the weight losses of packed samples were analysed. For
determination of the organic acid and ascorbic acid content high performance liquid chromatography was used,
and the content of total carotenoids was determined by spectrophotometric method. Texture analyser TA.XT.plus
was used for measurement of the firmness of samples. The results showed that sweet rowanberries are good raw
material for preparation it’s in powder sugar. The analysis of firmness showed that the rowanberries in powder sugar
had a fairly hard texture, influenced by the presence of sugar layer. We observed the weight losses during 18 days
storage of packed samples in carton boxes.

Key words: rowanberries in powder sugar, firmness, ascorbic acid, total carotenoids

I ntroduction

The rowanberries (Sorbus aucuparid..) are small orange-red “fruits” of a rowantree (also known
as mountain ash), which grow in the northern part of Europe. The rowanberries (Sorbu$ belong
to the subfamily Maloideaeof the family Rosaceaend their berries have been promoted as a
health-food or can be a source for health-promoting components. The ripe wild rowanberries are
picked in the autumn and they are eatable, but very tart in flavour. Sweeter and less astringent
than wild rowanberries are different cultivars of sweet rowanberries and hybrids with other
species. The hybrid cultivars were developed by cross-breeding rowan with Malus Pyrus Aronia
and Mespilus(Hukkanen et al., 2006; Poyrazoglu, 2004).

The berries consist mostly of water, and the main components in the dry matter are carbohydrates,
primarily sugars, and non-volatile organic. Organic acids are important intermediate products of
metabolism (Viljakainen et al., 2001). According to food composition and nutrition tables, sweet
rowanberry S. aucuparial. var. edulis contains 1600-2420 mg of organic acids per 100 g of
edible portion, int.al. 10 mg of parasorbic acid, 98 mg of vitamin C per 100 g and 2.5 mg of total
carotenoids per 100 g. (Souci et al., 2008)

Packaging protects goods from damage, allows efficient transportation and distribution, offers
convenience and prolongs shelf life. Berries are live organisms and, even after harvest, they
continue to respire and transpire. If there is not enough oxygen, fermentation occurs, and small
amounts of alcohol, acetaldehyde, and other volatile compounds are produced; therefore,
packaging materials for fruits should not create too high a barrier to oxygen. On the other side
berries are high-moisture products and loss of moisture under normal storage conditions causes
wilting and shrivelling of product. Developments in polymer chemistry have resulted in
the production of packaging films such as low-density polyethylene (LDPE), polystyrene (PS),
polyvinyl chloride (PVC), polyvinylidene chloride (PVDC), and ethylene vinyl alcohol (EVOH).
These films have a range of water vapour and gas barrier, and heat-sealing characteristics
that enable them to be used for shelf-life extension of products (Gontard et al., 2010;
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Smith et al., 2005). Promising alternatives of polymer packaging are biopolymers, produced from
regularly renewable raw materials. There are three main forms of renewable bio packaging:
polylactic acid (PLA), polyhidroxyalkanoates (PHA) and thermoplastic starch (TPS)
(Weber et al., 2002). Although many biobased packaging materials do not provide a high water
vapour barrier, and moisture loss or gain is therefore a critical parameter for foods packaged in
such materials. There was reported and expected that PLA will be suitable for fruits packaged in
atmospheric air as these products do not require any specific gas barrier (Holm, 2010).

The aim of this experiment was to prepare new product — sweet rowanberries in powder sugar, to
determine chemical and physical properties of samples and the possible storage time in different
packaging materials.

Materials and Methods

Experimental design

Experiments were carried out at the Faculty of Food technology, Latvia University of Agriculture,
and the Customs laboratory of National Customs Board, State Revenue Service. The object of this
investigation was berries of two sweet rowanberries cultivars 'Moravica' and 'Michurinskaya
Krasnaya', and hybrid of rowanberry x hawthorn 'Granatnaya' (hybrid of S. aucupariax
Crataegus sanguingrown in Latvia. The berries were picked in the Pure Horticultural Research
centre (HRC) collection of genetic resources in September 2010. Part of samples after harvesting
was packed in plastic bags, frozen, and kept at -18+2 °C along 3 months.

The samples of experimental product — sweet rowanberries in powder sugar, were prepared from
fresh rowanberries and from stored frozen rowanberries followed by thawing. The frozen berries
(1 kg) were thawed overnight in refrigerator at +4°C. All rowanberries were dipped in the solution
of starch and then coated with powder sugar layer. The coating process with powder sugar was
repeated once. The samples of rowanberries 'Granatnaya' in powder sugar were packed in carton
(8045 g in each box) and plastic (biobased PLA and conventional PP) boxes (60+5 g in each box),
and stored 18 days at room temperature. The content of organic acids and ascorbic acid and total
carotenoids, the firmness of all experimental products and the weight losses of packed samples
were analysed.

Chemical and physical analysis

The determination of the organic acids and vitamin C content was based on methods reported by
Romero-Rodriguez et al. (1992) and Vanques-Oderiz et al. (1994) by adding some modifications.
Samples of experimental products (100 g) were homogenised by a manual blender (Braun).
The portion of samples (5-10 g) was weighed into a volumetric flask (50 ml) and 0.001 M
sulphuric acid (~ 30 ml) was added for determination of organic acid content, and 0.1% oxalic
acid (~ 30 ml) — and ascorbic acid content was determined. Mixture was stirred mechanically for
15 minutes and the solution filtered through a paper filter (DP 503 125, Albet) in 50 ml
volumetric flask and filled to mark with correspondent acid solution. Acid extract was then
filtered through a membrane filter with pore size 0.2 um (Sartorius) prior to injection into the
chromatographic system. Calibration curve was acquired after two repeated HPLC runs of 5
standard solutions of reference materials. Quantifications of the organic acids and ascorbic acid
content of experimental products were performed in duplicate and were based on peak area
measurements.

The extract of experimental products was analysed and content of organic acids and vitamin C
(ascorbic acid) determined using HPLC Prominence (Shimadzu, Japan) equipped with Ostion
LG-KS H' column (250x8 mm, particle size 10 um) and an autosampler SIL-20A. Working
conditions: the mobile phase — ultra-pure water acidified to pH 2.2 with sulphuric acid. The flow
rate was 0.4 ml min'l, column temperature — 30 °C, detection with a UV/VIS detector SPD-20A
(Shimadzu) was at 215 nm for organic acids and at 245 nm for vitamin C, and injection volume of
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samples — 10 pl. Data were acquired and processed using Shimadzu LabSolutions software
(LCsolution Version 1.21 SP1).

The content of total carotenoids was analyzed by the spectrophotometric method at 440 nm
(Epmakos, 1987) with petroleum ether (boiling temperature range 80—110 °C) and measured with
UV-VIS-NIR spectrophotometer UV-3100PC (Shimadzu) in 10 mm cuvettes. One to two grams
of homogenized rowanberries in powder sugar were placed in a conic retort (100 ml) and 96%
ethanol (20 ml) was added, and then samples were stirred by a magnetic stirrer for 20 min. Then
petrol ether (25 ml) and water (1 ml) was added and stirring was continued for one more hour.
After 3—4 hours the top (yellow) layer was used for the detection of total carotenoids. The
carotene equivalent (KE) was found, using graduating curve with K,Cr,O5.

The firmnessf all experimental products was measured by texture analyser TA.XT.plus (Stable
Microsystems Ltd., Surrey, England) and software Texture Exponent 32. The texture analyser
was equipped with a load cell of 50 kg. Samples of rowanberries in powder sugar were positioned
under the needle type P/2. The results were expressed as maximum force in Newtons (N),
and the maximum force required for sample compression was calculated as an average of
15-20 measurements.

The weight losses of packed samples were determined by weighing on the analytical balances
Sartorius SB-210s with precision £0.0001 g. The results were analyzed before storage (0 days)
and after 4, 6, 8, 10, 12, 14 and 18 storage days, and reported as averages of those three
determinations.

Data analysis

All values of parameters were expressed as means and standard deviations and calculated using
SPSS for Windows (Version 11.0).

Results and Discussion

In this study 6 samples of sweet rowanberries in powder sugar were prepared consisting of
53+6% of berries and 47+6% of starch-sugar layer.

The content of organic acidsad ascorbic acid (vitamin C) is a very important parameter that
determines the quality of berry products. The amount of organic acids (citric, malic, succinic,
and sorbic) of rowanberries in powder sugar is given in Table 1. Malic acid was the dominant
compound compared with other organic acids in all investigated samples. The content of
malic acid in samples prepared from frozen rowanberries was on 7.5-8.2% less than of those
made from fresh rowanberries. We observed that during frozen storage of rowanberries
'Michurinskaya Krasnaya' the content of succinic and sorbic acid increased.

Table 1

The organic acids content (mg 1009 of rowanberries
Cultivar of berries Citric acid | Malic acid |Succinic acid | Sorbic acid
'Moravica' fresh 26+3* 769+17 65+2 7+1
'Moravica' frozen 25+12 70628 6612 6+2
f';’é';?“””Skaya Krashaya 9141 1242428 202+6 10+1
Michurinskaya Krasnaya 7042 1150431 22045 1241
frozen

* - values expressed as mean and standard deviation

The ascorbic acid contenf sweet rowanberries is reported in Figure 1, and the highest content of
vitamin C was detected in the samples of experimental products made from fresh berries.
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Figure 1. The vitamin C content of rowanberries in powder sugar

The total carotenoid content sweet rowanberries in powder sugar is reported in Figure 2. The
content of total carotenoids was less about of 13 and 16% in samples made from frozen and
thawed rowanberries than in rowanberries prepared from fresh berries (cultivars 'Michurinskaya
Krasnaya' and 'Moravica', respectively).
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Figure 2. The total carotenoid content of rowanberries

The results of textural analysef experimental products are showed in Figure 3. The results of
the experiment showed that the rowanberries in powder sugar had a fairly hard texture, improved
by the presence of sugar layer.

12
~ 10 -
v 8 y T
%] T /
GCJ 6 : / - 7 -|- . T - T
E 4 % - oE 7 / ) B
i ; / % / i? / I
28 7 % = B
0 G é joded ] i A bavas
Moravica Michurinskaya krasnaya Granatnaya
& fresh berries @ fresh berries in powder sugar
frozen/thawed berries B frozen/thawed berries in powder sugar

Figure 3. Comparison of firmness of rowanberries and rowanberries in powder sugar
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The weight losses during storagferowanberry samples in powder sugar packed in carton boxes
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Figure 5. The firmness changes of rowanberries in powder sugar during storage time

powder sugar, were increased from 6.3 up to 10.3—12.1 N (samples from fresh berries) and from

After 18 days storage in carton boxes the firmness of experimental products — 'Granatnaya' in
7.6 up to 8.9-9.8 N (samples from frozen and thawing berries).
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Conclusions

L.

Both fresh and frozen stored rowanberries followed thawing are as good raw material for
their processing in powder sugar. The new product contains ascorbic acid, organic acids, and
carotenoids. Malic acid is the main component of organic acids — in 'Moravica' in powder
sugar — 706-769 mg 100 g' and in 'Michurinskaya Krasnaya' in powder sugar —
11501242 mg 100 g

The rowanberries in powder sugar had a fairly hard texture, improved by the presence of
sugar layer. Plastic boxes (PLA and PP) are not recommendable for storage of berries in
powder sugar more than 6 days; whereas in carton boxes the storage time may be 12 days.
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Abstract

The aim of the study was to analyze the amount of heavy metals in Baltic cod meat. Three year averages of Pb, Cd
and Hg in cod muscle are reported (the study was conducted in 2008-2010) and data compared with the acts of the
Republic of Lithuania and the European Union. The information and research material (data on the amount of
heavy metals) were received from the National Laboratory of Veterinary. During the monitoring period amount of
heavy metals Pb, Cd and Hg in cod meat corresponded to the allowable standards and are close to
Lithuanian Hygiene Norms MAL. The results of this work obligate to control the amounts of heavy metals in fish
muscles regularly.

Key words: heavy metals, fish, cod, contamination

I ntroduction

Mankind, without let-up through the land resources and promoting the development of
civilization does not always ensure the protection of the natural environment of various
chemical or biological contaminants. Some heavy metals — lead (Pb), cadmium (Cd) and
mercury (Hg) emissions of its toxic properties within the human body and can cause serious
problems to the marine environment and human’s health. The heavy metals content of fishery
products need to be well established as fishery products are widely consumed by humans
(Volbekas, 1990; Turan et al., 2009; StaniSkien¢ et al., 2007).

Since fish is the last link in the aquatic food chain, the heavy metal concentrations in many fish
species have been determined in relation to the metal content of the aquatic environment
(Kargin, 1998). Heavy metals like copper, zinc and iron are essential for fish metabolism while
some others such as mercury, cadmium and lead have no known role in biological systems. For
the normal metabolism of fish, the essential metals must be taken up from water, food or
sediment. However, similar to essential metals, non-essential ones are also taken up by fish and
accumulated in their tissues (Turan et al., 2009).

Industrialization has improved general technology as well as quality of life but has also resulted
in an increase in metal concentrations in water. These metals can be classified as potentially
toxic (aluminium, arsenic, cadmium, lead, mercury, etc.), probably essential (nickel, vanadium,
cobalt) and essential (copper, zinc, selenium) (Munoz-Olivas and Ca'mara, 2001). Toxic
elements can be very harmful even at low concentration when ingested over a long time period.
Other elements, which are also present in seafood, are essential for human life at low
concentration; however, they can also be toxic at high concentrations (Ray, 1994). In our study
we investigated lead (Pb), cadmium (Cd) and mercury (Hg) in Baltic cod meat. Mercury gets
into water mainly with industrial effluents and atmospheric precipitation and very quickly
passes into the bottom sediments. It accumulates there, usually in sulphite form. Elementary
mercury and its organic and inorganic compounds are liable to methylation. The toxic products
of this methylation (methyl mercury) enter the food chains and accumulate in the aquatic
organisms. In the aquatic medium, lead accumulates mainly in the bottom sediments where its
level is usually four orders higher than in the water. Like mercury, lead is able, through the
action of some micro-organisms, to produce organic methyl derivatives which accumulate in the
aquatic organisms. However, as distinct from mercury, lead was not observed to accumulate in
fish. In waters, cadmium is accompanied by zinc; it is also contained in industrial effluents.
Waters that wash phosphate fertilizers from farm land are also a significant source of cadmium
contamination. Like lead, cadmium was not found to significantly accumulate in aquatic
organisms (Svobodova, 1991).
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Among Baltic fish, the following species have been studied for heavy metal levels: cod (Gadus
morhua), herring Clupea harengussprat (Sprattus sprattus flounder (Platichthys flesus sea
trout (Salmo truttd and perch (Perca fluviatiliy (Brzezinska et al., 1984; Kannan and
Falandysz, 1997; Szefer and Falandysz, 1985; Vuorinen et al., 1998; Vuorinen et al., 1994).
There are reports on heavy metals in cod from Baltic waters (Polak-Juszczak, 2009); however
no data are available for cod heavy metal content reported from the coastal waters of the
western Baltic sea of the Lithuania.

The aim of the paper was to study the distribution of Pb, Cd and Hg in muscle and liver of
edible fish, i.e. cod (Gadus morhua), economic zone of the Baltic Sea.

Materials and Methods

Data of heavy metals concentrations in Baltic cod was taken from the Lithuanian State Food
and Veterinary Service of the National Veterinary Laboratory annual reports (2008-2010).

Fish samples were collected from fishing cutters operating in the Lithuanian coastal zone of the
Baltic. Cruises were undertaken in the winter-spring (February—March), summer (August), and
fall (October—November) seasons. Fish at the fishing vessels were sealed in plastic bags, frozen
on board the vessels, and then transferred to the freezer at the laboratory (-18 °C).

Heavy metal content in tissues was assessed by atomic absorption spectrometry. Cold vapour
atomic fluorescence spectroscopy was used for Hg assessment and graphite furnace atomic
absorption — for Cd and Pb.

Statistical analyses of results are performed using SPSS statistical software.

Results and Discussion
Restricted levels of heavy metals in the fish are determined not only by the World
Health Organization guidelines, but also by the actual situation of the country, so in different
countries it is different. For example, the Lithuanian Hygiene Norm 54: 2001 indicates
maximum concentration of lead in fish flesh from 0.2 to 0.4 mg kg'1 and the European Union —
0.2 mgkg" (EC, 2000). The evaluation of the average annual content of the various elements
based on the data from several years confirmed that the dominating element in all the fish
was Hg (Table 1).
Table 1
Heavy metal concentrations in codGadus morhua from the Lithuanian coastal zone of
the Baltic in the 2008—2010 period (mg kY wet weight)

Year n *Cd* Pb *Hg
2008 24 0.0023+0.0023 | 0.0420+0.0350 | 0.0920+0.0510
2009 23 0.0021+0.0022 | 0.0250+0.0300 | 0.0370+0.0400
2010 25 0.0022+0.2500 | 0.0320+0.3200 | 0.0470+0.4300

The toxic elements of Cd and Pb occurred at low levels in the fish studied. In cod,
these elements were often at the levels of detection (Cd below 0.002 mgkg”, Pb below
0.013 mgkg™).

The concentration of Hg in 2010 was approximately two times lower than in 2008. The
differences in average concentrations of Cd and Pb in 2008 and 2010 were much less
pronounced; however, this stable level was not noted throughout the studied period. Differences
in average concentrations of Hg in cod meat were much more dispersed. This agrees with
previously done studies (Polak-Juszczak, 2009). There Polak-Juszczak found the concentration
of Hg and Pb in 2003 was approximately fourfold lower than in 1994, while concentrations of
Cd were more than twofold lower in sprat, herring and cod from Baltic Sea. Casini et al. (2004)
reported that many factors impact the accumulation of metals by fish, including diet. If trace
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elements associated with plankton are absorbed into the alimentary track of consumers, this is
the predominant route of exposure (Harms, 1996). This nutritional chain can be applied to
herring and sprat. These fishes feed mainly on plankton, in contrast to cod which feed mainly on
small herring and benthic animals. This means that the respective variations in the
concentrations of trace metals in the water and, thus, plankton, are not reflected directly in
heavy metals concentrations in cod (HELCOM, 2002).

Conclusions
1. Baltic cod fillets are a good source of many major and essential elements. In addition, the
levels of non-essential elements, such as Cd, Pb and Hg are typically low.
2. Accumulating of heavy metals in fish muscle may be considered as an important warning
signal for fish health and human consumption.
3. The present study shows that precautions need to be taken in order to prevent future heavy
metal pollution. Otherwise, these pollutions can be dangerous for fish and human health.

References

1. Brzezinska, A., Trzosinska, A., Zmijewska, W., Wodkiewicz, L. (1984) Trace metals in some organisms from
the southern Baltic. Oceanologial8, pp. 79-94.

2. Casini, M., Cardinale, M., Arrhenius, F. (2004) Feeding preferences of herring (Clupea harengus) and sprat
(Sprattus sprattus) in the southern Baltic Sea. ICES J. Mar. Sci.,61, pp. 1267-1277.

3. Harms, U. (1996) Biota. Third periodic assessment of the state of the marine environment of the Baltic Sea
1983-93. In: Background Document Baltic Sea Environment ProceegdingsiB, pp. 149-153.

4. HELCOM, 2002. Environment of the Baltic Sea area 1994-1998. In: Baltic Sea Environment Proceedings
vol. 82B, pp. 153.

5. Kannan, K., Falandysz, J. (1997) Butyltin residues in sediment, fish, fish-eating birds, harbour porpoise and
human tissues from the Polish coast of the Baltic Sea. Marine Pollution Bulletin 34, pp. 203-207.

6. Kargin, F. (1998) Metal Concentrations in Tissues of the Freshwater Fish Capoeta barroisi from the Seyhan
River (Turkey). Bulletin of Environmental Contamination and Toxicologyplume 60, Number 5,
pp- 822-828.

7. Munoz-Olivas, R., Camara, C. (2001) Trace element speciation for environment, food and health. The Royal
Society of Chemistrgp. 331-353.

8. Polak-Juszczak, L. (2009) Temporal trends in the bioaccumulation of trace metals in herring, sprat, and cod
from the southern Baltic Sea in the 1994-2003 period. Chemospherel6, pp.1334-1339.

. Ray, S. (1994) Analysis of contaminants in edible aquatic resources. VCH Publisherspp. 91-113.

10. Staniskiené, B., Matusevicius, P., Budreckien¢, R., Sinkeviciené, 1. (2007) Sunkiyjy metaly kiekio meduje ir
zuvienoje nustatymas ICP masiy spektrometru. Veterinarija ir zootechnikal. 39 (61).

11. Svobodova Z., Vykusova B. // Diagnostics, prevention and therapy of fish diseases and intoxications. 1991.
Source: http://www.fao.org/docrep/field/003/ac160e/AC160E08.htm #ch5. Resource used on 28.03.2011.

12. Szefer, P., Falandysz, J. (1985) Trace metals in muscle tissue of fish taken from the southern Baltic. Zeitschrift
fudr Lebensmittel-Untersuchung und-Forschurgj, pp. 217-220.

13. Turan, C., Dural, M., Oksuz, A., Ozturk, B. (2009) Levels of Heavy Metals in Some Commercial Fish Species
Captured from the Black Sea and Mediterranean Coast of Turkey. Bull Environ Contam Toxicol82,
pp. 601-604.

14. Volbekas V., Grinevi¢ius K., Gutmanas A., Mickis A. Sveikata ir sunkieji metalaKaunas, 1990, pp. 7.

15. Vuorinen, P.J., Haahti, H., Leivuori, M., Miettinen, V. (1998) Comparison and temporal trends of
organochlorines and heavy metals in fish from the Gulf of Bothnia. Marine Pollution Bulletin 36,
pp- 236-240.

16. Vuorinen, P.J., Rantio, T., Witick, A., Vuorinen, M. (1994) Organochlorines and heavy metals in sea trout
(Salmo trutta m. trutta) in the Gulf of Bothnia off the coast of Finland. Aqua Fennica24, pp. 29-35.

171



FOODBALT 2011

PREVALENCE OF YERSINIA ENTEROCOLITICA IN THE
ENVIRONMENT OF SLAUGHTERHOUSE
Margarita Terentjeva*, Aivars Berzins

Institute of Food and Environmental Hygiene, Faculty of Veterinary Medicine, Latvia University of Agriculture,
Jelgava, LV 3004, Latvia, *e-mail: Margarita.Terentijeva@Ilu.lv

Abstract

A total amount of 64 surface swabs from slaughterhouse rooms and equipment, work tools and clothes were
collected in three large scale slaughterhouses between January 2006 and January 2009 during pig slaughter.
Samples were tested according to ISO 10273 standard requirements, with subsequent cold enrichment for three
weeks in peptone mannitol bile salt broth. Isolated cultures were confirmed with API 20E, after that all
Y. enterocoliticaisolates were biotyped and serotyped. In general, the prevalence of Y. enterocoliticain the
slaughterhouses was 37% (24/64), where 34% (22/64) and 3% (2/64) comprised Y. enterocolitical A and
Y. enterocoliticad/O:3, accordingly. Y. enterocolitical A was recovered in slaughterhouses A, B and C with the
prevalence 42% (8/19), 34% (9/26) and 26% (5/19) of positive cases, while Y. enterocoliticat/O:3 was observed
only in slaughterhouse A with the prevalence 11% (2/19). Y. enterocolitical A was found on sink (4/4/100%),
door (2/4/50%), meat inspection platform (2/4/50%), floor (5/12/42%), work surface (2/5/40%), table for work
equipment (1/3/33%), box for cold storage of products (1/4/25%), apron (1/4/25%), gloves (1/4/25%), footwear
(1/4/25%), hook (1/5/20%), box for offals (1/7/14%) samples. Y. enterocoliticat/O:3 was found on work surface
(1/5/20%) and floor samples (1/12/8%). No significant differences (p>0.01) were observed in the prevalence of
Y. enterocolitica in environmental samples between slaughterhouses A, B and C. The presence of
Y. enterocoliticabioserotype 4/0:3 in environmental samples, indicated that environment of the slaughterhouse
can be a cause of contamination of slaughter products with yersiniae, and greater efforts should be made to
maintain hygiene in slaughterhouse on acceptable level.

Key words: non-pathogenic yersiniae, pathogenic yersiniae, hygiene, pig

I ntroduction

Yersiniosis is a foodborne infection, caused by pathogenic Y. enterocolitica bioserovars
(Bottone, 1997). Pathogenic Y. enterocolitica bioserovar 4/0:3 has been frequently isolated
from pork and pork products at retail level and in clinical cases in Europe (Fredriksson-

Ahomaa et al., 2006). During the case control studies, pork was recognized as a most

important source of pathogen, thus meat and meat products could be responsible for

transmission of Y. enterocolitica 4/0:3 to consumers (Fredriksson-Ahomaa et al., 2006). The
presence of non-pathogenic Y. enterocolitica biovar 1A was often reported on meats also, but
its clinical significance is still discussible (Logue et al., 1996). Y. enterocolitica 4/0:3 is
distributed in clinically healthy pigs and pathogen could be introduced in pork and the

environment of slaughterhouse during the slaughter of Y. enterocolitica 4/0:3 positive
animals (Nesbakken, 1988). Sites where Y. enterocolitica could be recovered are important to
identify in the plant environment, because they represent possibilities for contamination of

slaughter products (Sammarco et al., 1997). As presence of Y. enterocolitica 4/0:3 was
detected in pig and in slaughter products in Latvia, possible that pathogen could spread to the

slaughterhouse environment (Terentjeva, Berzins, 2010). The aim of present study was to

detect the prevalence of Y. enterocolitica in the slaughterhouse environment.

Materials and Methods

A total amount of 64 environmental samples were collected in three slaughterhouses in Latvia
between January 2006 and January 2009 during pig slaughter. The slaughter capacity of the
selected slaughterhouses was 50 pigs per hours. The slaughtering process was similar in the
selected plants, and consisted from stunning, bleeding, scalding, dehairing, polishing and
evisceration steps.

Samples were collected from the following sampling sites: work surfaces (n=5), doors (n=4),
tables for work equipment (n=3), floors (n=12), sinks (n=4), boxes for offal (n=7), meat
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inspection platforms (n=4), boxes for cold storage of products (n=4), hooks (n=5), knives
(n=4), gloves (n=4), aprons (n=4), footwear (n=4).

An area of approximately 20cm’ of selected sampling site was swabbed with sterile gauze
tampon (5cm X Scm), moistured in 0.9 % of NaCl, placed in sterile sample transporting bags
and delivered to the laboratory on ice within 2 h after collection. Samples were diluted with
90 ml PMB broth (Peptone-Mannitol-Bile Salt broth) immediately after arrival to the
laboratory.

Samples were tested using the direct plating, the selective enrichment and the cold enrichment
according to the ISO and NMKL methods (Anonymous, 1996, Anonymous, 2003). Prior to
testing, swabs in PMB and were left for one hour at 22 °C for resuscitation. For the direct
plating, 10 ul of suspension were streaked on CIN Agar. For the selective enrichment, 0.1 ml
of suspension was transferred into ITC (Irgasan Ticarcillin Chlorate) enrichment broth (Fluka,
Switzerland) and CIN agar (Cefsulodin-Irgasan-Novobiocin agar, Yersinia selective agar,
OXOID, Basingstoke, Hampshire, UK) and incubated at 25 °C for 48 h. For the cold
enrichment, samples in PMB broth were plated out onto CIN agar after one, two and three
weeks of incubation at 4 °C with alkali treatment with 0.25% KOH in case no positive
isolates were obtained during the first or second weeks of cold enrichment.

A quantity of 10 ul of suspension from ITC broth after incubation, and PMB fater cold
enrichment was streaked onto CIN agar plates. CIN agar was incubated at 30 °C for 48 h. CIN
plates were evaluated after incubation in order to detect bacterial colonies with yersiniae-like
appearance. Presumptive colonies with a “bull eye” like appearance — red centre and
transparent surrounded margins, from CIN agar were tested for oxidase reaction and urea
hydrolysis. Differentiation of species was carried out with API 20E system (BioM¢érieux,
Marcy I’Etoile, France).

Biotyping of Y.enterocolitica positive isolates was performed as follows: strains were tested
for pyrazinamidase activity, salicin, xylose, trehalose fermentation and lipase hydrolysis as
described by Wauters et al., (1987). Indole reaction was obtained from API 20E Kkit.
Serotyping was carried out as described by the manufacturer with Yersiniaenterocolitica O:3
antisera (Sifin, Berlin, Germany).

The Chi-square tests were used to detect differences between the prevalence of
Y. enterocolitica in slaughterhouses.

Results and Discussion

Y. enterocolitica was isolated from the slaughterhouse environment with the prevalence 37%
(24/64) positive cases, where 34% (22/64) and 3% (2/64) comprised Y. enterocolitica 1A and
Y. enterocolitica 4/0:3, respectively Table 1.

Table 1
Prevalence of Y. enterocolitica in the environment of slaughterhouse
Sampling site No. of No. of positive samples (%)
samples| Y. enterocolitica 1A| Y. enterocolitica 4/0:3
Work surface 5 2 (40) 1 (25)
Door 4 2 (50) 0 (0)
Table for work equipment 3 1(33) 0 (0)
Floor 12 5(42) 1(8)
Sink 4 4 (100) 0 (0)
Box for offals 7 1(14) 0 (0)
Meat inspection platform 4 2 (50) 0 (0)
Box for cold storage of
products 4 125 0(0)
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Continue of Table 1

Sampling site No. of No. of positive samples (%)
samples| Y. enterocolitica 1A| Y. enterocolitica 4/0:3

Hook 5 1 (20) 0 (0)
Knife 4 0 (0) 0 (0)
Gloves 4 1(25) 0 (0)
Apron 4 1(25) 0(0)
Footwear 4 1(25) 0 (0)

Total 64 22 (34) 2(3)

Table 1 shows that Y. enterocolitica 1A was found on work surfaces, doors, tables for work
equipment, floor, sinks, boxes for offal, meat inspection platforms, boxes for cold storage of
products, hooks, knives, gloves, aprons and footwear, while Y. enterocolitica 4/0:3 on work
surface and floor samples. Y. enterocolitica 1A was not recovered from knives, but
Y. enterocolitica 4/0:3 from doors, tables for work equipment, sinks, boxes for offal, meat
inspection platforms, boxes for cold storage of products, hooks, knives, gloves, aprons and
work footwear samples. Y. enterocolitica 1A was observed in slaughterhouse samples due to
wide appearance of microorganism in nature. Y. enterocolitica 1A could enter the
environment of slaughterhouse from outside sources (Harmon et al., 1984, Sammarco et al.,
1997). The principal source of Y. enterocolitica 4/0:3 are pigs, and the environment of
slaughterhouse could become contaminated with pathogen from pig faces and tonsils
(Kapperud, 1991, Fredriksson-Ahomaa et al., 2000). The results on the presence of non-
pathogenic Y. enterocolitica was in agreement with Sammarco et al., 1997, who found work
surfaces and floor samples to be contaminated with bacteria, however, no yersiniae-positive
samples were revealed in case slaughtering wall, hand wash basin, handles, hooks, knives and
abattoir worker clothing were tested. The presence of Y. enterocolitica 4/0:3 in the
environment of slaughterhouse was also in agreement with Nesbakken, 1988, who found
pathogen on the floor of eviscerating area and viscera table. The highest prevalence of
Y. enterocolitica 1A was found on sink, where 4/4 (100%) samples were positive, while the
lowest on box for offal — 1/7 (14%) positive samples. In our mind, high prevalence on sink
was observed due to it contamination with yersiniae from highly contaminated material, such
as worker clothing and contaminated equipment. In contrast, Sammarco et al., 1997 reported,
that the highest prevalence of non-pathogenic Y. enterocolitica was observed on
slaughterhouse floor samples, where 3 out of 18 samples were positive (17%), but did not find
contamination with Y. enterocolitica on hand-wash basinY. enterocolitica 4/0:3 were found
in two samples, and the most probably pathogen was introduced on floor sample with blood
from slaughtered animals, and on work surface due to direct contact with contaminated
material (Nesbakken, 1988). Y. enterocolitica was isolated from the slaughterhouse
environment samples in slaughterhouses A, B and C, and the prevalence is shown in Table 2.

Table 2
Prevalence of Y. enterocolitica in different slaughterhouses
No. of positive samples (%)
Slaughterhouse No. of samples Y. enterocolitica 1A | Y. enterocolitica 4/0:3

A 19 8 (42)* 2(11)

B 26 9 (34)* 0 (0)

C 19 5(26)* 0 (0)

Total 64 22 (34) 2(3)

* differences in the prevalence of Y. enterocolitical A between slaughterhouses A, B and C were not significant
(p>0.01).
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The highest prevalence of Y. enterocolitica 1A was found in slaughterhouse A, while the
lowest- in slaughterhouse C, however, without significant differences (p>0.01). Our findings
are similar to Sammarco et al., 1997, who found presence of non-pathogenic Y. enterocolitica
in the environment of two out of 11 slaughterhouses, but without statistical differences.
Y. enterocolitica 4/0:3 was detected only in slaughterhouse A. Prevalence ofY. enterocolitica
1A in the environment of three slaughterhouses is shown in table 3.

Table 3

Prevalence of Y. enterocolitica 1A in the environment of slaughterhouse

. . No. of samples / No. of positive samples (%)
Sampling site Slaughterhouse
A B C
Work surface 3/1(33) 2/1(50) 0/ 0 (0)
Doors 1/0 (0) 2/2 (100) 1/0 (0)
Table for work equipment 1/ 0 (0) 1/1 (100) 1/ 0 (0)
Floor 2/ 1(50) 7/2 (29) 3/2 (66)
Sink 2/2 (100) 1/1 (100) 1/1 (100)
Box for offals 1/0 (0) 3/0 (0) 3/1(33)
Meat inspection platform 0/ 0 (0) 2/1(50) 2/1(50)
Box for cold storage of products 1/1(100) 2/0(0) 1/ 0 (0)
Hoof 1/1 (100) 2/0 (0) 2/0 (0)
Knife 2/ 0 (0) 1/0 (0) 1/0 (0)
Gloves 1/1 (100) 2/0 (0) 1/0 (0)
Apron 2/0 (0) 1/1 (100) 1/0 (0)
Work footwear 2/1(50) 1/ 0 (0) 1/ 0 (0)
Total 19/ 8 (42) 26/ 9 (34) 19/5 (26)

Table 3 shows that variations in the prevalence of non-pathogenic Y. enterocolitica exist
between slaughterhouses. In our mind, these variations in the prevalence of Y. enterocolitica
between certain sampling sites as work surfaces, doors, table for work equipment, floor, box
for offal and meat inspection platform was observed due to the differences between plants in
their structural characteristics, the slaughtering practices and the sanitation practices
(Sammarco et al., 1997).

Conclusions

1. The presence of Y.enterocolitica, especially of pathogenic biosetype 4/0:3 in
environmental samples, indicated that the environment of slaughterhouse can be a cause
of contamination of slaughter products with yersiniae, and greater efforts should be made
to maintain hygiene in slaughterhouse on acceptable level.

2. Our study revealed sites in the environment of the slaughterhouse where contamination
with yersiniae occurs more often, therefore cleaning and sanitation procedures should be
performed more carefully.
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Abstract

Conventional preservation with the use of ionizing radiation is most modern and highly economical technology
of production of safe food. We used pH-metry and microscopy methods to investigate the effect of short-term
treatment of full piece sample muscle tissue surface with ethanol on the radiolysis of his restructured samples of
muscle tissue and muscle fibers. Autolytic and microbial processes during storage of samples in sealed post-
radiation period at +4 °C were differentiated on the timeline display as a result of ethanol treatment. Overall
stabilizing effect of ethanol and electron-beam exposure (variable absorbed dose 12.5 — 50.0 kGy) on the acidity
of the restructured samples muscle tissue with preservation of their pH level standards within 3 — 4 weeks,
depending on the absorbed dose was marked.

Key words: electron-beam irradiation, muscle tissue, the radiolysis

I ntroduction

Radiation preservation in which it is used ionizing radiation in majority scientist's opinion
considered to be the most modern and highly economical technology production of safe
food, including meat or meat food as it gives opportunity to store it without freezing
(BacunbeB u ap., 2000; Kocrenko u ap., 1992; O’Bryan et al., 2008; [Tuxaes, 1995; Dnuac,
Koxen, 1983). Actually, for radiation treatment of food it is used either gamma- and X-ray or
electron beams, generated by electron accelerators (BacunbeB u ap., 2000; MskuH u np.,
2006; Zhu et al., 2009). In recent times of radiotechnology development the energy of
accelerated electrons is used much wider than the one of gamma and X-ray source. It is due to
greater radiation safety and larger power of electron accelerator.

With a sufficient dosage of ionizing radiation, having a bactericidal effect, it provides a
complete sterilization in a short time (tens of seconds). However the long-term storage of
irradiated meat at cool temperatures is opposed by activity of proteases. Radiation dose,
sufficient for achieving of practical sterility incompletely inactivate proteolytic enzymes in
meat. Usage of different types of protease inhibitors to repress autolytic activity couldn’t
become common use. Therefore, practical solution of meat-food sterilization is concerned
with the necessity in inactivating of muscle cathepsins. Studies in this field hasn’t given final
results yet.

The goal of this study is to investigate the influence of preliminary sterilization of full-piece
sample surface of pork muscle tissue by 96% ethanol on radiolysis of samples, exposed to
electron-beam treatment after its chopping. The sterilization by ethanol was used to find an
opportunity of time-sharing the beginning of microbial and autolysis of muscle tissue
processes, usually associating and strengthening each other. The research was conducted with
pH-metry and microscopy methods.

Materials and Methods

In this work restructured pork muscle tissue (pH=5.82) and muscle fiber (pH=6.28) were
tested and exposed to radiation. After preliminary sterilization of full-piece sample surface of
pork sirloin by 96% ethanol for 2.0 minutes, muscle tissue was ground in meat mincing-
machine with 2.5 mm holes on the disk. Muscle fiber was obtained from restructured muscle
tissue with the help of extraction of water-soluble constituents of sarcoplasm by bidistilled
water during 12 hours. Parallely, unsterilized by ethanol intact samples, obtained from muscle
tissue were tested. After grinding, samples (2.0-2.5 g) were packed in polyethylene film
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(0.03 mm thickness), airproofed and exposed to radiation. In post-radiation period samples
were stored at +4 °C during 17-37 days.

Measuring of pH of water slurry samples during storage was performed on pH-meter “Expert
with the glass electrode; batch weight of the sample was 0.3 g, liquid phase volume was

20 ml. In post-irradiation period history curve of pH samples were plotted on pH=f(t)

coordinates, where 7 is the time measured in days.

Seniquantitative evaluation of bacterial growth was performed by microscopic examination
gram-stained (Cugopenko u ap., 2002) touch smears, taken from the surfaces of samples

using Zeizz Axiostar plus microscope (x1000). Sample radiation was carried out, using

medium energy electron accelerator (RTE-1B). Absorbed dose in series was: 12.5; 25.0; 37.5

and 50.0 kGy.

29

Results and Discussion

Fig. 1 and 2 shows the changing of acidity curves of samples, which were restructured from
pork muscle tissue, exposed to radiation and stored at +4 °C during 17 days. Samples in series
1 were obtained by restructuring of intact muscle tissue. Series 2 is shown by samples of
forcemeat prepared from muscle tissue pretreated by 96% ethanol.

pH
7.5 1

7,3 1
7,1 1
6,9 1
6,7 1
6,5 1
6,3 1
6,1 1
5,9

1-12.5;2-25.0;3-37.5;4—-50.06¥ 5 —is a control

Fig.1. Changing of acidity of intact muscle tissue samples plotted
against absorbed dose at storage in post-radiation period

On Fig. 1 it is shown curves of pH change in water suspension, plotted against storage time of
samples in series 1. The first thing that stands out here is that treatment of intact sample by
ionizing radiation, regardless of absorbed dose, leads to stabilization of variation range of pH
of water suspension samples. While the curve 5, describing pH change in water suspension of
control sample, as early as 5 days points to decrease of it acidity.

The second thing, appeared from fig. 1 is the periodic relation of pH=f(t) for irradiated
samples (1-4). Periodicity in interchanging of dominant role of proceeding processes shows
their selectivity and dependence from acidity of sample within the range pH=6.15-6.35.
Synchronism in forming three maximums pHmax. (5, 10 and 15 days) is presented only on
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curves obtained for samples 1 and 4 within pH range 6.1-6.5. It can point to repeatability of
post-radiation processes in samples, absorbed doses of 12.5 and 50.0 kGy during irradiation.
From the whole picture sample 2 is visibly falling out. On the curve of this sample where
pH=f(7) it is seen the broad band (8—17 days). The pH variance is within its range 6.0-6.6. It
says about greater variety of processes in samples, absorbed dose 25.0 kGy, total algebraic
effect of which is shown at pH increasing. However, with the dose 37.5 kGy this broad band
differentiates with formation of two maximums (10 and 15 days), which is accompanied by
decreasing of pH. Dose absorbance of 50.0 kGy leads again to appearance of three maximums
on the curve 4. Linear dependence of pHmax in extreme points on time of their appearance in
this curve says about densification of substances decreasing pH of system.

pH

g
7.6
7.2
6.8
6.4

6 -

5.6 T T T T T 1

1-125;2-25.0; 3-37.5;4-50.0 kGy; 5 - is the control

Fig. 2. Changing of acidity of muscle tissue samples, treated by
ethanol depending on absorbed dose at storage in post-radiation period

In fig. 2 curves1-4 show the changing in acidity during the storage procedure of parallel series
two of muscle tissue samples, treated by ethanol before grinding and radiation. In dynamics of
changing of acidity in samples of this series from absorbed doses of ionizing radiation it is
pointed out quite another behavior. But what really stands out here is the absence of
synchronism in appearance of first maximums on curves received at a preset time interval.
Moreover, for all samples regardless of absorbed doses, it is exhibited the stabilizing effect of
ethanol during first 8 days and this effect strengthens each time with increasing of absorbed
doses. Stabilization of pH by pH=f(t) curves point to excess of free radicals in analyzed
system, which cant influence on changing pH of water suspension.

Only for samples 1 and 2 of current series the first maximum on pH=f(t) curves forms on
tenth day. But for sample 2 it is lower on pH scale. In the nature the dependence of pH={{(7)
for sample 1 is closer to curve 5, where the change of pH of control samples is presented. The
first maximums on curves, gained for samples 3 and 4 are displaced on 12 and 17-th days.
The forming of first maximums on pH=f(t) curves is indicative of that the beginning of
periodic changes in samples system is the result of the beginning of directed processes.
Comparison of curves 5 for control samples of both series (Fig. 1 and 2) shows that short-term
treatment of full piece meat with ethanol without following exposure of ionizing radiation on
forcemeat leads to more dynamic decrease of its acidity comparably to radiation-exposed
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samples in post-radiation period. If full piece meat surface was pretreated by ethanol, than
ground to the forcemeat followed by ionizing radiation that manipulations stabilized pH
samples noticeably. Moreover, stabilizing effect of ethanol increases with the increasing of
absorbed dose.

pH
8,5 1

8,1 1
7,7 -
7,3 -
6,9 -

6,5

1 4 7 10 13 16 19 22 25 28 31 34 37
T, days

——-] - -2 3 — N — [ —%—05

1-12.5;2-25.0; 3-37.5;4—-50.6¥ 5 - is the control

Fig.3 Changing of acidity of muscle fiber samples depending on
absorbed dose at storage in post-radiation period

In Fig. 3 it is presented the curves 1-4 of changing pH in water slurry of pork muscle fiber
samples gained from meat sterilized by ethanol and exposed to electron beam treatment
forcemeat. Rate of curves for all samples, which were stored from 7 to 37 days regardless of
absorbed dose also is declarative of periodicity of their changing of pH in range 6.2—6.6. This
fact correspond the process intensification which are slowed down by radiolysis the first week
after radiation as in forcemeat samples of series 2. Synchronism in forming of maximums
(pHyax) on all obtained dependences of pH=f(t) and their closeness on pH scale can point to
uniformity of type of processes, taking place in muscle fiber in post-radiation period.
Moreover pH = f(t) curves, received for samples 1 and 2 are completely coinside with
throughout the whole storage life. The variation in change of pH of sample with increase of
absorbed dose becomes noticeable two weeks later after storage.

Conclusions

1. The investigation has shown that ethanol pretreatment of surface of the compact sample pork
muscle exhibits in dynamics change of the acidity of restructured samples in post-irradiation
period.

2. The ethanol treatment has shown pH stabilization of irradiated tissues. The periodic changes of
pH=f{(7) is connected with two directional processes that proceeds in parallel.
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Abstract

Many recent studies in food safety have investigated non-thermal processing of ready-to-eat food products, but
there is little information about the survival of food pathogens in different ripening stages of cold smoked
sausages. Therefore, the microbiological quality (total aerobic count — TAC, Staphylococcus aureuk. coli,
Salmonella sppand Listeria spp), water activity (ay), and pH were determined in cold-smoked sausages during
the ripening time from days 0 to 21. The temperature in smoke camera was 28 °C for the first 3 days
of maturation and 15+1 °C during days 4 to 21. As a result the TAC of starter culture bacteria increased from
5.72 1g cfu g at the beginning to a maximum of 9.41 Ig cfu g”'. The count of S. aureusincreased from 1.38 to
2.68 g cfu g and E. coli decreased from 2.47 to 0.85 Ig cfu g”'. Salmonellaspp. was not detected at any time.
Listeria monocytogenes was found in one of 5 sausage series, but measured only during the first 5 days when the
count decreased from 3.41 to 2.08 Ig cfu g'. The mean value of pH decreased from 5.80 to 4.65 in the first
5 days and stabilized. Water activity (a,,) decreased slowly and generally correlated with air humidity in the
ripening camera and the mean value changed from 0.963 to 0.817 a,. A significantly different correlation
between the bacterial count and a,, values was found. The results indicate that the microbiological safety of cold-
smoked sausages depend on the initial contamination level with food pathogens. The analysis was done at the
Faculty of Veterinary medicine of the Agricultural University of Latvia and at the sausage manufacturer’s
laboratory.

Key words: food pathogens, cold-smoked sausage, water activity, pH

I ntroduction

Growing consumer interest to foodstuffs of high nutritional value that guarantee health from
food pathogens and proper hygienic conditions has prompted interest in ready-to-eat meat
products, partly to cold-smoked (fermented) meat products (Bohaychuk et al., 2006), because
the processes used in their production, and specification of content inhibit many pathogenic
bacteria. However, when fermentation process is not adequate, there is a potential
microbiological risk — some food pathogens may survive and proliferate during ripening
(fermentation) (Adams and Mitchell, 2002).

Among the most representative cold-smoked sausages, produced in Latvia, are “Jelgavas
Jubilejas”, “Kantvurst”, and some others, manufactured at Jelgava meat factory. Due to
tradition and consumption habits the ready-to-eat cold-smoked sausages are produced and
consumed in large amounts. On the other hand, these products due to specific recipes of
production, very long shelf-life, special storage conditions, and sometimes inappropriate
management at meat warehouses or shops might be unsafe for consumption.

Theoretically most of relevant food pathogen bacteria can be found in cold-smoked sausages
(Bohaychuk et al., 2006). The most common pathogens which are present in fermented
sausages and therefore keep a health risk are Salmonella, E. caliand Staphylococcus aureus
In E. Drosinos et al. (2006) study it was shown that L. monocytogenesan also survive
fermentation. For that reason, bacteria mentioned higher, has been examined and enumerated.
Salmonella spp. is accounted for the most reported food-borne outbreaks in European Union.
Eggs, egg-products and meat are the main sources of outbreaks. Positive to salmonella spp.
have occasionally been found up to 5% ready-to-eat meat products (EFSA, 2010).

Listeria monocytogenaes a significant foodborne pathogen that is readily present in raw meat
products used in the manufacture of processed meats (Sheen, 2008). In ready-to-eat food the
occurrence of L. monocytogenesn quantities exceeding the Community Listeria criteria
(100 cfu g™) remained at low levels in 2008 (EFSA, 2010). Post-processing contamination
from a plant environment (equipment, personnel, floors, etc) is the most frequently reason for
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its presence in meat or its product surface (Gudbjornsdottir et al., 2004). Fermentation process
usually destroys L. monocytogenesut at optimal pH and water activity (ay) conditions it is
capable of surviving (Drosinos et al., 2006). The infective dose of L. monocytogenes
human risk groups — children, elderly, immunocompromised people and pregnant women is
not known, but the latter opinion is that listeriosis can be caused by L. monocytogenes
population of 2.0 - 3.0 1g (cfu g) (Kendall et al., 2006).

The pathogenic Escherichia coliincluding the following sub-species, as entero-pathogenic,
entero-invasive, entero-toxigenic, and entero-haemorrhagic E. coli are most significant for
food-borne outbreaks. Entero-haemorrhagic E. coli has produced vero-toxins or shiga-toxins
and is the most common serotype isolated from the reported cases (EFSA, 2010).
Heat-resistant staphylococcal entero-toxins have high heat tolerance and cannot be destroyed
by a normal heat treatment. 291 food-borne outbreaks caused by Staphylococcuspp., which
constituted 5.5% of the total number of bacterial toxin outbreaks in the EU and two fatal cases
in one possible Staphylococcus outbreak was reported in 2008 (EFSA, 2010).

According to literature data, many recent studies in food safety have investigated non-thermal
processing of ready-to-eat food products, but there is little information about survival of food
pathogens found in different ripening stages of cold smoked sausages when water activity and
pH value changes affect bacterial growth. Therefore, the aim of the study was to determine
the survival limits of most popular food pathogens in manufactured cold smoked sausages
depending on water activity (ay) and pH values.

Materials and Methods

The microbiological tests were done in Agricultural University of Latvia Faculty of
Veterinary Medicine and sausage manufacturer laboratory of a real company located in Latvia
in 2009- 2010. The five series of cold smoked sausages were investigated (total 105 samples)
on presence and count of planed investigated bacteria, and the mean values of lg (cfu g'l)
were estimated, in addiction to pH and water activity (ay) changes at ripening time.
Ingredients of a 100 kg cold-smoked sausage raw material were: pig meat — 30 kg, beef —
10 kg, bacon 35 kg, structural emulsion — 25 kg. Salt and species summary — 3.25 kg and
starter culture ‘Optistart Plus’ — 0.02 kg (control No. L9694599, prepared by Raps GmbH and
Co.KG, Germany, sachet composition in lg values: 11.38 Lactobacillus sake L 110, 11.38
Staphylococcus xylosid86, and 10.00 Debaryomyces hanseriH3).

For detection and enumeration of bacterial cultures standard microbiology of food and animal
feeding stuffs ISO methods, adapted in Latvia were used, namely: LVS EN ISO 6887-2:2004
Preparation of test samples, initial suspension and decimal dilutions for microbiological
examination, LVS EN ISO 4833:2003 Horizontal method for the enumeration of
microorganisms - Colony-count technique at 30; LVS EN ISO 6579:2003 Method for the
detection of Salmonella spp.; LVS ISO 7251:2006 Horizontal method for the detection and
enumeration of presumptive Escherichia coli- Most probable number technique; LVS EN
ISO 6888-1:1999 Horizontal method for the enumeration of coagulates-positive staphylococci
(Staphylococcus aureusnd other species) - Part 1: Technique using Baird-Parker agar
medium, and LVS EN ISO 11290-1:1996 /A1:2005 Horizontal method for the detection and
enumeration of Listeria monocytogenes Part 1: Detection method, Part 2: Enumeration
method.

pH was measured on 0, 1%, 3, 5™ 7" 14™ and 21* days of maturation. Three individual
pieces of sausages were measured each time, and then mean pH value was calculated. The
pH-meter Testo 205 (Testo AG Germany), with automatic temperature compensation, was
applied. Calibration was done by means of 2 point method with pH standard solutions 4.01
and 7.00.
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Water activity was measured with PawKit (Decagon) simultaneously with pH measurings.
Calibration of devices was done with saturated NaCl (sodium chloride) 6.0 molal standard
solution (0.760 ay at 20 °C). Samples for water activity measuring were collected in original
polyethylene vessels with caps and measured immediately after collecting.

Statistical analysisAll measurements were reiterated three times, and tests were triplicated.
The results represent the mean + standard deviations. Means were compared by Student’s t
test. Differences were considered statistically significant when p<0.05. Statistical analysis
was conducted by means of SPSS 17.0 (SPSS, Chicago, Ill., USA). Tables and chart figures
were done by means MS Excel 2007 software.

Results and Discussion

It was observed that bacterial counts — total aerobic count (TAC) and S. aureusincreased

from 5.72 to 9.41 1g and from 1.38 to 2.68 lg respectively. The count of detected E. coli

decreased approximately by 1.5 logs (from 2.48 to 0.85 lg) during sausage ripening time of

21 days. L. monocytogenesas detected in one of five sausages series, but tested only during

the first 5 days when the count decreased from 3.41 to 2.08 Ig cfu g', and was not detected on

days 7, 14, and 21of sausage ripening. Salmonella spp. was not detected at any time. The
mean microbiological test results of 5 manufactured cold-smoked sausages series are

summarized and shown in Figure 1.
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Figure 1.The count Ig (cfu §') changes of detected bacteria spp. in cold-smoked sausages
during 21 day ripening time

The samples of cold smoked sausages had a mean initial pH value of 5.80+0.04, which agrees
with the results found by V. Paleari et al. (2003). A rapid decrease in pH was observed during
the first three days of fermentation. The final pH of the fermented sausages had a mean value
of 4.64+0.05; this drop in pH was due to lactic acid production by the starter culture used for
fermentation (Vermeiren and Debevere, 2004). Lactobacilli are the major producers of lactic
acid responsible for the decrease in pH and the increase in acidity during fermentation
(Schillinger et al., 1991). Lactic and acetic acids are often suggested to be major contributors
to the acid aromas and tastes and the development of the texture of fermented sausage
(Visessanguan et al., 2005).

The mean value of initial water activity was 0.96 which decreased in the product from
0.963+0.004 to 0.817+0.006 in 21 days. Decreasing trends of a, and pH are shown in
Figure 2.
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Figure 2. Decreasing trends of @and pH values in cold-smoked sausages during 21 day
ripening time (pH ------ Ay )

All measured physical and chemical parameters significantly (p<0.01) correlate with the
decreased L. monocytogeneand E. coli count, at the same time with the increased TAC and
S. aureusgount in first 5 days. The correlation coefficient ‘r” of values is shown in Figure 3.
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(TAC =a, S. aureus= b, E. coli = ¢,L. monocytogenesd)
Figure 3. Pearson’s correlation coefficient of values between bacteria Ig(cftfigand
physical and chemical parameters —aand pH

In prior study (Silin$ and Liepins, 2010) showed that decreasing a,, in cold-smoked sausages
during ripening reduced L. monocytogenasunt to approximately lg 0.44 day'l. In this study
the reduction of L. monocytogenesount was lg 0.27 day™, but for E. coli count a decrease
rate was lg 0.08 day™. Evaluating correlation coefficients in Figure 3, it is seen that a,, as a
factor has more force for degradation of bacteria growth than pH. It is also seen in Figure 3,
that a,, and pH value changes did not affect the growth of S.aureusin partly ripening time in
15 days, what is recommended for microbiological tests of raw sausage material for detecting
initial level of contamination and possibility to forecast final count and toxins level, when
ay, decreased to 0.86 and S.aureusgrowing stopped. In this study S. aureugrowth rate was
lg 0.10 every day and could be explaine on the one hand as less sensibility to a,, decreasing
process and on the other hand as support of genus kin from added starter culture. It will be
possible starter culture quality could affect the S. aureugrowth rate, and stimulate customers
of more attention on starter culture genus structure.
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Conclusions

l.

A significant Pearson’s correlation (p<0.01) was established in the decreased count of
L. monocytogeneand E. coli, increased count of S. aureusnd aerobic bacteria between
decreased water activity and pH values in cold-smoked sausages during ripening.

The continual decreased changes of water activity and partly pH diminished possible
initial count of some bacterial species, such as L. monocytogenesd E. coli that allows
considering cold-smoked sausages being relatively safe and healthy meat product, under
condition that initial contamination with Staphylococcus aureusminimal.
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Abstract

The packaging industry is one of the most important industries in the world. The quantity of packaging materials
increases annually. Food packaging accounts for almost two-thirds of total packaging waste by volume and
approximately 50% by weight of total packaging sales. The aim of food packaging is to contain the food, to
protect food products from external influences and damage, to preserve food safety and minimize the
environmental impact. To clear up a situation in the market of Latvia, as well as to study the consumer’s
awareness problem and attitude to traditional and biodegradable polymer packaging materials and their
implementation in the market year of 2010, questionnaire was polled. 1200 respondents (50% female and 50%
male) from different regions of Latvia (Kurzeme, Zemgale, Vidzeme, Latgale and Riga) were in replay to
19 different questions: how well-informed they are for traditional and eco-friendly packaging and how much
more they are willing to pay for eco-friendly food packaging (biobased, biodegradable, recyclable) compared
with conventional polymers. Most of consumers inquired in Latvia think that there is too much polymer
packaging for food products on the market.

Key words: food packaging, biodegradable, consumers, market.

I ntroduction

Packaging plays a major role when products are purchased. After all, it is the first thing seen
before making purchase choices and it is widely regarded that over 50 per cent of purchasing
decisions are made at the shelf, or point of purchase. Therefore, packaging which creates
differentiation and identity in the relatively homogenous consumer packaged goods industry
is therefore highly important. Today, it is widely acknowledged that packaging decisions can
have a significant impact on sales. Therefore, without some evidence of consumer acceptance
towards different packaging concepts and designs, manufacturers and retailers will restrict
their chances of profitable innovation (Aarnio, Hamalainen, 2008; Marsh, Bugusu, 2007).

The quantity of packaging materials increases by 8% every year; in proportion, the amount of
waste increases as well, at the same time fossil resource — petroleum is decreasing. In recent
years, there has been marked an increased interest in biodegradable materials for application
in food packaging, agriculture and other areas. In particular, biodegradable polymer materials
(known as biocomposites) are of high interest. Polymers materials, and are continually being
employed in an expanding range of areas. As a result, many researchers are investing time
into modifying traditional materials to make them more user-friendly, and into designing
novel polymer composites out of naturally occurring materials. A number of biological
materials may be incorporated into biodegradable polymer materials, with the most common
being starch and fiber extracted from various types of plants. The belief is that biodegradable
polymer materials’ production at a low cost will reduce the need for synthetic polymers (thus
reducing environment pollution), thereby generating a positive affect both environmentally
and economically (Kolek, 2001; Kolybaba at al., 2003; Robinson, 2010).

This paper presents the enquiry results of Latvian consumers’ attitude to packaging and the
importance of the environmental and functional characteristics of packaging for their
purchasing decisions. The aim of this study is to evaluate whether and how purchasing
behaviour can be influenced in such a way as to limit the environmental problems caused by
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packaging. The study deals with consumers’ attitude to packaging in general, and mainly in
details of biodegradable packaging.

Materials and Methods

To clarify the situation in the market of Latvia, as well as to study the consumer’s awareness
problem and attitude to traditional and biodegradable polymer packaging materials and
their implementation in the market year of 2010, questionnaire was polled. 1200 respondents
(50% female and 50% male) from different regions of Latvia (Kurzeme, Zemgale, Vidzeme,
Latgale and Riga) were enquired, from which 33% were younger than 20 years, 34% were
20-45 years old, and 33% — older than 45 years. Respondents were asked to answer on
19 different questions: how well-informed they are for traditional and eco-friendly packaging
and how much more they are willing to pay for eco-friendly food packaging (biobased,
biodegradable, recyclable) compared with conventional polymers. The statistics on a
completely randomized design was determined using the General Linear Model (GLM)
procedure SPSS 10.0 (Arhipova, Balina, 2003). The one-way ANOVA( < 0.05) test was used
to determine the significance of differences between the means.

Results and Discussion

The obtained results are demonstrated in Figures 1 to 10. The first column in each figure
shows a summarized attitude of respondents all over Latvia, and the next columns present
respondents’ answers from 4 regions of Latvia — Kurzeme, Latgale, Vidzeme, and Zemgale
and at the end the fifth column — of capital city Riga.
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Percentage, %
8 &5 3

(e

Latvia ~ Kurzeme  Latgale  Vidzeme  Zemgale Riga

Figure 1. Do you as a consumer consider that there is too much packaging
on foods you buy?

Most of consumers (approximately 56%) inquired in Latvia, with the exception of Zemgale
(47%), showed a very similar tendency (p>0.05), considering that sometimes there is too
much polymer packaging on food products (Fig. 1.).
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Figure 2. Do you as a consumer worry about the amount of packaging waste you get
when buying foods?
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On average, 44% of consumers inquired in Latvia (Fig.2.) worry about the amount of
packaging waste when buying foods and beverages; only for small part (14%) of consumers
this question was indifferent (p>0.05). The consumers’ opinion regarding too large used

packaging amount in all regions of Latvia except Vidzeme (60%) showed a similar tendency
(p>0.05).

100
© %0 & Yes
5
g) 60 No
=]
S 40 & Dont’ think
5 20 about it
[a¥ 0 No matter

Latvia Kurzeme Latgale Vidzeme  Zemgale Riga

Figure 3. Are you informed as a consumer about the packaging material different
influence on the environment?

A heartening news have been obtained from respondents all over Latvia (70%) and in most
individual regions as well (75-88%), that consumers, besides Riga (only 31%), are quite well
informed about packaging materials’ different impact on pollution of environment (p>0.05)
(Fig. 3.). In Riga as capital city the waist system is totally co-ordinated, therefore consumers
in weekdays don’t have to see scrap-heaps, plastic bottles on the banks of a ditches, and flying
plastic bags on the top of trees, therefore they don’t worry (40%) or even don’t think at all
(22%) about environmental pollution with plastic waste from packaging.

80 Not informed
at all
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Nearly
informed
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B Quite well
informed

Percentage, %
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Very well
Latvia Kurzeme  Latgale Vidzeme  Zemgale Riga informed

Figure 4. How well are you informed about eco-friendly, biodegradable packaging?

Figure 4 shows that 61% of respondents in Latvia (in Latgale 52%) are nearly informed about
the existence of ecofriendly biodegradable packaging. The situation in all regions of Latvia
except Latgale (where 27% were not at all informed) (p>0.05) shows a similar tendency of
knowledge’s on bioplymers (p>0.05).

Results presented in the Figure 5 inform that most of respondents all around Latvia as more
environmentally friendly packaging preferred degradable polymers (valuating by 1 to
2 points) and paper (1 to 2.5 points), following by reusable glass packaging (3 to 5 points) and
Tetra Pack laminated milk and juice carton (4 points, excepting Latgale). Metal cans and
traditional polymers (validated by approximately 6 points) were considered as the worst.
Obviously, Latvian consumers are not at all informed that metal packaging is the most widely
recycled waste therefore can be considered as environmentally friendly packaging.
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Figure 5. Which of the mentioned packaging materials do you prefer as more
environmentally friendly?
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Figure 6. Do you as a consumer use your own containers when
purchasing unpacked foods?

Approximately 52% of repondents in Latvia sometimes use their own containers when
purchasing any unpacked foods on the market. Only about 15% of Latvian respondents
confirmed that it is normally always to use their own special containers for foods’ shopping.
The consumers’ practice about frequency of owns packaging container application in all
regions of Latvia shows a similar tendency (p>0.05).
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10% more

# 25% more

Percentage, %

8 50% more

H 2 xmore

Latvia Kurzeme Latgale  Vidzeme  Zemgale Riga As much as need

Figure 7. How much more are you willing to pay for eco-friendly packaged
(biodegradable) products compared with traditionally packed ones?

The information summarized in Figure 7 shows that the majority of respondents come up with
the following answers: they are willing to pay not more or only 5% or same of them — 10%
more compared to conventional packaging. On average, in Latvia 25% of consumers are
unwilling at all to pay more, exclusively 39% agree to pay 5% more and 9% agree pay 10%
more for eco-friendly (biodegradable) package compared with traditional package. It is
interesting fact in the enquiry that averagel% of respondents could agree to pay twice as
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much for environmentally friendly packaging. The respondents’ point of view from region
Latgale and capital of Latvia — Riga is substantially different (p>0.05) compared with the
average consumers’ view in Latvia.
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Figure 8. What kind of material do you prefer for shopping bags?

Figure 8 show that Latvian consumers mainly prefer textile material shopping bags.
Analysing the situation in all territory of Latvia, we can see that consumers choose paper and
compostable material shopping bags more or less similar. Nevertheless, still 10% of
respondents prefer traditionally used polymer shopping bags. Exclusively in Riga the
consumer’s choose of shopping bags seems more or less in the same kind.

Most of respondents support the idea to use new eco-friendly materials for food packaging.
Positive evaluations were given by 82% of respondents in Latvia (Fig. 9).
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Figure 9. How do you evaluate the proposal to introduce new eco-friendly materials for
food packaging?
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Figure 10. Dou you prefer the separate waste collection?

In general the respondents (21%) participating in separate waste collection are inhabitants of
Riga (Fig. 10), ever if the attitude of capital city Riga population disparate (p>0.05) compared
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with the average view at all in Latvia (10%), respectively, in all another regions (4-10%)
(p>0.05). A large part of consumers (38—48%) does not separately collect the waste or declare
that there is no possibility for it.

Conclusions

Most of consumers in Latvia consider too much polymer packaging applied for food products.
82% of respondents in Latvia support the idea of new eco-friendly food packaging
implementation, nevertheless only small part of consumers agree to pay more for environment
protection from used packaging. To optimize the environment protection effects of food
packaging, it is essential to educate consumers and to analyse the system that covers its main
purpose “food”, the total production chain and the varying demands of the consumer.
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Abstract

The research was carried out at the Faculty of Food Technology of the Latvia University of Agriculture (LLU).
Soft cheese Kleo produced in Latvia was used for experiments. At present the cheese Kleo has been found on the
market place in vacuum packaging (VP) and its shelf life is not more than 15 days. For shelf life extension an
active packaging in combination with modified atmosphere (MAP) was investigated. Following packaging
materials were used: OPP, PE/PA, PE/OPA and Multibarrier 60. An iron based oxygen scavenger sachets of 50
cc obtained from Packaging Solutions OU was used. Cheese samples of 100+10 g were packaged in polymer
pouches (110 x 120 mm). Modified atmospheres consisting of carbon dioxide CO, (E 290) 30% and nitrogen N,
(E 941) 70% was used, while VP was selected as the control packaging. Pouches were hermetically sealed by
MULTIVAC C300vacuum chamber machine, stored in a Commercial Freezer/Cooler ,Elcold” at the
temperature of +4.0+0.5 °C up to 32 days’ and analysed before packaging and in the 0, 5™, 11™ 15™, 18™ 22",
25™ 29™ and 32" day of storage. Physical and chemical properties: headspace gas composition, pH, acidity,
moisture content, and microbial conditions were evaluated. By use of both usual MAP conditions as well as with
oxygen scavenger commitment in the pouch the shelf life was extended, good outside appearance and lactic acid
aroma was observed.

Key words: soft cheese, modified atmosphere, oxygen scavengers, shelf life.

Introduction

Soft fresh cheeses are those cheeses that are unripe. White cheese is usually made from raw
milk without of starter culture (Abdalla et al., 1997), souring the milk, either with lemon juice
or vinegar. Creamy curds were formed then strained to produce a simple cheese. These
cheeses have high moisture content, are usually mild and have a very soft texture. These
cheeses are typically the most perishable. Cheeses in the fresh category include Italian Style
Mascarpone, and Ricotta, Chevre, Feta, Cream cheese, Quark and Cottage cheese.

Optimal packaging solutions could prevent or minimize quality changes, resulting in
increased shelf life as well as quality maintenance. Different types of cheeses have to be
packed in different packaging concepts (Mortensen, Bertelsen et al., 2005). Most fresh
cheeses are packed in air atmosphere due to the short shelf life required. Some experiments
proved that chemical composition and sensory characteristics, colour and body of white
cheese made from pasteurized cow milk during the storage period 45 days in vacuum
packaging did not significantly change (Osman, Abdalla et al., 2009). Find out that packaging
and cold storage of Sudanese white cheese in metal containers is better than in plastic
containers as low total bacterial, coli forms, E.coli and yeast counts were obtained in cheese
packed in metal containers (Ahmed, Alhassan, 2010).

An established fact is that primary spoilage organisms in cheeses are moulds and MAP could
be used to prevent mould growth. Gases with low residual oxygen and high CO, levels may
be used to ensure microbial stability (Mortensen, Bertelsen et al., 2005). Sometimes cream
cheeses are pasteurized prior packaging (Gonzales-Fandor, Sanz et al., 2000).

The potential use of Modified atmosphere packaging (MAP) and active packaging for
extending the shelf life of dairy products, including cheese, has been demonstrated (Floros,
Nielsen, and Farkas, 2000). Limited work has been conducted to date on the use of different
gas composition MAP for shelf life extension of soft, creamed-style, and whey cheeses
(Pintado et al., 2001; Papaioannou, Chouliara et al., 2007; Dermiki, Ntzimani et al., 2008).

In order to optimize product and packaging compatibility, materials with improved barrier
properties should be used. Optimization may include new areas such as active packaging
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concepts, and nanocomposite technology (Mortensen, Bertelsen et al., 2005). A study
conducted by the Department of Food Science at Cornell University concluded that
FreshPax™is effective in extending the shelf-life of oxygen-sensitive foods, and its use
decreases mould and mould spoilage of commercial cheese (FreshPax™Oxygen Absorbing
Packets)Different antimicrobial packaging systems were used as active agents to increase the
shelf life of Mozzarella cheeses (Conte, Scrocco C, et al., 2007).

The objective of this work was to study two different modified atmosphere packaging (MAP)
solution effect on the shelf life of soft fresh cheese Kleo — the use of both usual MAP
conditions as well as with oxygen scavenger commitment in the pouches made of different
polymer materials and compare them with the commercial vacuum packaging (VP) of the
cheese.

Materials and method

Cheese Kleo characteristics

Experiments were carried out at the Department of Food Technology, Latvia University of
Agriculture in 2011. The objects of the research: cheese Kleo — a regional white soft fresh
cheese manufactured in local cheese making factory from pasteurized (+78—+82 °C) and
normalized cow milk — for experiments was bought on the local supermarket in Latvia. The
albumin from the milk have been set down by addition of acid cheese whey, after than filled
in self compressing vat for moulding during 16 to 18 hours. The pressed unripe cheese peaces
have a cylindrical shape with rounded off side edges, before packaging they are rubbed with
salt (NaCl), salt content — from 0.3 to 0.8%. The consistency of cheese is mild, and has a
homogenous slightly grainy texture, with irregular breaks, the surface slightly wet, the colour
from white to slightly yellowy. The moisture content of cheese should be not more than 64%,
fat content — 35+2%.

Packaging and storage of samples

Cheese Kleo in currently is sold on the market place in a polymer PA/PE pouch vacuum
packaging (VP) weight of 0.3-0.8 kg in each and its shelf-life is not more than 15 days at the
temperature 0 to +6 °C. Four different polymer films were used: PA/PE, PE/OPA,
Multibarrier 60 and OPP. The structure of performed experiments is shown in Fig.1.

Cheese KLEO

Vacuum MAP
packaging (30% CO,; 70% N,),packed pouches

I | ' .
1-— PE/PA Wlthout oxygen scavenger Using oxygen scavenger

3~ PE/OPA 2 - PE/OPA
5-Multibarrier 60 4 — Multibarrier
60
6 — OPP

Figure 1. The structure of performed experiments
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Packaging materials for experiments were selected with different water vapor transmutation
rate and various thicknesses. The manufactured cheese Kleo cylindrical peaces were cut into
four parts each, packed by 100+10 g in beforehand from roll stocks made polymer pouches
size of 110 x 120 mm. For shelf life extension the use of both usual MAP conditions as well
as with oxygen scavenger commitment in the pouch was investigated. Modified atmosphere
consisting of carbon dioxide CO, (E 290) 30% and nitrogen N, (E 941) 70% was used, while
vacuum packaging (VP) was selected as the control. For reduced oxygen packaging (ROP)
creation (0O,—0%) in pouches an iron based oxygen scavenger sachets of 50 cc obtained from
Packaging Solutions OU were used. The samples were hermetically sealed by MULTIVAC
C300 vacuum chamber machine and stored in a Commercial Freezer/Cooler ,,Elcold” at the
temperature of +4.0+0.5 °C, controlled by MINILog Gresinger electronic. At the storage time
up to 32 days’ physical and chemical properties: headspace gas composition, pH and acidity,
moisture content, water activity were evaluated. Content of microorganisms — moulds, yeasts,
and lactic acid and Escherichia colibacteria was pointed. At each time of measurement, two
identical packages for each Eackagmg material were randomly selected on sampling days
(day 0) and after 5, 11", 15™, 18" 22™ 25™ 29™ and 32™ day of storage; six measurement
repetitions of each sample were performed.

Physical, chemical, and microbial analysis

Headspace gas composition — expressed as % oxygen (O,) and % carbon dioxide (CO,) was
measured using a gas analyser OXYBABY® V 0,/CO,. Mass loss — determined by standard
LVS ISO 1442: 1997. Water activity — determined by standard ISO 21807:2004, Aqualab
LITE device. pH — determined by JENWAY 3510 pH-meter, standard method LVS ISO
5542:2010. Acidity — to 5 g cheese 30 ml distilled H,O was added and the grinded mixture
titrated by solution of 0.1 n NaOH. An acidity in °T was calculated the ml of NaOH
multiplying by 20. Microbial analyses: lactic acid bacteria count — determined by standard
method, ISO 9332:2003; yeasts — determined by ISO 21257-2:2008; mould appearance was
visually observed.

Statistical analysis

The results were processed by mathematical and statistical methods. Statistics on completely
randomized design were determined using the General Linear Model (GLM) procedure SPSS,
version 16.00.

Results and Discussion

Water vapor permeability of packaging materials is essential for water loss. In our
experiments has been established the mass losses from packages during 32 storage days didn’t
exceed 0.3%. Dosebry and Hardy (2000) noted that a 2.5-5.0% weight loss of cheese due to
insufficient barrier properties is normal. They also found that dehydration of fresh cheese
should be avoided, because a dehydrated surface is a major quality defect in those products.
Moisture loss was the main factor of weight loss from the cheese during the storage time
caused by different water vapor barrier properties of packaging materials. Water activity a,, of
cheese Kleo at the beginning of experiment was 0.98, during the storage time it increased
till 0.99.

The gas composition in the headspace changed. Carbon dioxide content decreased in all
packages by approximately 10 to 15% during first 5 days of storage due to partial dissolution
in the cheese mass. Following the storage CO, content as a result of growth of lactic acid
bacteria significantly increased (till 58%) in MAP, Multibarrier 60 packages, when in the
presence of oxygen scavengers its increase was only till 40% (Fig. 2). The oxygen content
(O2) in Multibarrier packaging increased a little in the packages with oxygen scavengers
incorporated, while in the packages made of the same material without scavenger, including
vacuum packaging, the O, concentration increased in average till 4.5% (Fig. 3). Phenomena
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showed MAP, OPP packaging increasing the O, content in packages till 20%, similar like in
air conditions, and all samples after 22 storage days spoiled and turn moldy, therefore further
experimentally were not analyzed
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Figure 2. The dynamics of carbon dioxide  Figure 3. The dynamics of oxygen (&
(CO) content in the headspace of package  content in the headspace of package
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1 —vacuum, PA/PE; 2 — MAP, PE/OPA; 3 — MAP, PE/OPA, oxygen scavenger; 4 — MAP, Multibarrier 60,
oxygen scavenger; 5 — MAP, Multibarrier 60; 6 — MAP, OPP.

As shown in Fig. 4, initial pH value of cheese Kleo was 5.8 decreasing within
32 storage days up to 5.0 of the control sample (VP) and 4.8 in samples packed under MAP in
PE/OPA without oxygen scavengers. Using oxygen scavenger’s pH values decreased till
4.9 in PE/OPA and till 5.0 in Multibarrier 60 film packaging relating with acidity increase
approximately till 130 °T (Fig. 5).

6.3

0 5 10 15 20 25 30 35

Storage time, days 0 5 0 15 20 25 30 35
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—a—-4 —---5 ——56 —o—-1 --a---2 - a=.3
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Figure 4. pHdynamic in vacuum and in Figure. 5. Acidity dynamics in VP and in
MAP packed Cheese Kleo during the MAP packed cheese Kleo during the

storage time storage time
1 —vacuum, PA/PE; 2 — MAP, PE/OPA; 3 — MAP, PE/OPA, oxygen scavenger; 4 — MAP, Multibarrier 60,
oxygen scavenger; 5 — MAP, Multibarrier 60; 6 — MAP, OPP.

The least decrease in pH values showed sample packed in Multibarrier 60 film without
oxygen scavenger in conformity with acidity increase from 40 till 100 °T. The higher
decrease of cheese pH value was observed in cheese packed in MAP, OPP — already after
22 storage days it was 4.8 corresponding to higher value of acidity 140 °T, therefore all
samples in this packaging grow misty, wherewith this packaging material doesn’t ensure the
cheese quality during storage. This is expressed and may be related to the higher lactic acid
bacteria (LAB) counts to those (Figure 6) different packaging methods. During the growth of
LAB, lactic acid produced with a consequent drop in pH.
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Figure 6. The dynamics of lactic acid Figure 7. The dynamics of yeasts in cheese
bacteria in cheese Kleo during storage in Kleo during storage in

MAP 70% CO»,+ 30% N, MAP 70% CO»,+ 30% N,
1 —vacuum, PA/PE; 2 — MAP, PE/OPA; 3 —- MAP, PE/OPA, oxygen scavenger; 4 — MAP, Multibarrier 60,
oxygen scavenger; 5 — MAP, Multibarrier 60; 6 — MAP, OPP.

Regarding LAB (Fig. 6) all samples showed similar growth rate. All samples after 10 storage
days presented the value 7 log cfu g, after 32 days of storage — in average 9 log cfu g
Similar results were fond by Dermiki, Ntzimani et al. (2008) in experiments with MAP
packed whey cheese. Lactic acid bacteria may spoil soft cheeses in modified atmosphere,
because the bacteria are facultative anaerobic, which implies that they cannot be controlled by
modified atmosphere packaging (Westall, Filtenborg 1998). Not any mould growth in all
packaged samples, excepting MAP, OPP was observed. In cheese packed in high moisture
barrier property OPP film the samples get spoiled and moulded after 22 days. The yeast grows
in all packaging conditions was equal (Fig. 7) — after 32 storage days in average 9 log cfu g
were observed. The incorporation of oxygen scavenger into packages didn’t give the
desiderate result for quality maintenance and subsequent shelf life extension of soft cheese
Kleo. It was recognized the shelf life of cheese Kleo could be acceptable till 32 days.

Conclusions

1. No significant effect of oxygen scavengers’ application for shelf life extension of soft
cheese Kleo was observed.

2. An elevated content of CO, (till 55%) produced by lactic acid bacteria growth positively
affected the cheese quality parameters in MAP, Multibarrier 60 film packaging without
oxygen scavenger sachets incorporated in pouches.

3. The addition experiments should be carried out to determine the effect of active packaging
on cheese Kleo shelf life.
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Abstract

In definite processes, including pathological, regardless of the origin of solid object start from its surface. The
processes develop in deep and change the structure and properties of the sample in volume, but in this case the
surface itself is appropriately transformed. One of the most effective methods for studying solid surfaces is
EDRS (electronic diffuse reflectance spectroscopy), along with IR (infra red) spectroscopy, Raman and ESR
(electronic spin resonance) spectroscopy The EDRS method in the wave length range 200-750 nm was used. In
this work we studied the combined effect of ethanol and radiation with fast electrons (absorbed dose ranged from
12.5-50.0 kGy) on the electronic spectrum of surface of restructured muscle tissue of pork and beef.

Key words: optical diffuse reflection, electron-beam radiation, muscle tissue.

I ntroduction

The number of research methods of solid surface of biological objects which are complex
heterogeneous systems is quite limited (IR-spectroscopy, Raman and EDRS). The limited
number is caused by difficulty and non-uniqueness in interpreting of received data. EDRS
method is used particularly to determine the quality of meat and fatty products by their colour
in visible area of spectral range. The quantity of total protein and its degradation level in
meat-food is estimated by absorption of two amino-acids — tryptophan and tyrosine in
ultraviolet range (260 and 280 nm) of spectrum (AntmmoBa u np., 2001; Bacunmmuern,
Kononszuas, 2004; Jlemuenko, 1981).

Integrated studies that have been conducted using plant (Hewummopenko u ap., 2010;
[Tnorusiit, 2007; Illamora, 2007) and animal (Hewunnopenko u ap., 2008a; Heunmopenko
u 71p., 2008b; Heunnopenko u np., 2007) tissues for the last five years (in St. Petersburg State
University of Low Temperature and Food Technologies) showed that EDRS method can be
used more widely and efficiently

A number of serial chemical treatments (extraction of water-soluble constituents of
sarcoplasm, treatment with sodium chloride, alkali, ethanol, ether) showed in general that
electronic spectrum of surface of biomaterials is presented by four clearly differentiating
areas. It is well-known that in visible range of spectrum (535-640 nm) distinctly appears a
doublet of bands — myoglobin and its oxidized forms — pigment proteins of meat.
Mucopolysaccharides give broad intensive and stable band in wavelength interval
410425 nm, which is deleted from spectrum after treatment of samples by 0.6 M NaOH. In
the near ultraviolet area (330-365 nm) lipid components is displayed in the form of 2—3 bands
of medium intensity. The most complex and saturated one is the middle ultraviolet range
(200-320 nm) of spectrum where absorb some of amino-acids (such as tyrosine, tryptophan,
phenylalanine and cystein) and also sugars, oligosaccharides and their different hybrids.

The goal of this study is to investigate the influence of ethanol and electron-beam radiation
treatments on optical spectrum of pork and beef muscle tissues.

Materials and Methods

In this work minced pork sirloin (pH=5.82) and beef sirloin (pH=5.87) were tested. The
muscle tissue was ground in meat mincing-machine with 2.5 mm holes on the disk. Pork
muscle fiber was obtained from forcemeat by extraction of water-soluble constituents of
sarcoplasm by bidistilled water during 12 hours. In parallel we studied the series of pork
forcemeat samples which was taken from compact muscle tissue samples pretreated by 96%
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ethanol for 2.0 minutes. Grind up to forcemeat muscle samples (2.0-2.5 g) were packed in
polyethylene film (0.03 mm thickness), airproofed and exposed to radiation.

Sample radiation was carried out, using medium energy electron accelerator of resonant-
transformer type RTE-1B (Saint-Petersburg Scientific Research Institute of Electrophysical
Apparatus). Absorbed doses in series were: 12.5; 25.0; 37.5 and 50.0 xGy.

Electron absorption spectra of sample surface were received using spectrophotometer
“Specord M-200” (AIZ Engineering GmbH, Germany) within wavelength range 200—750 nm
on radiation day.

Results and Discussion

In Fig.1 it is shown electron absorption spectra of intact surface of forcemeat of pork muscle
tissue sample (1) and pork muscle fiber sample (4). Their comparison shows that removal of
sarcoplasm causes sharp decrease of the whole spectrum. However in this case clearly
differentiate bands that belong to lipids (340 and 360 nm), proteins (220, 240, 260 and
280 nm) and one of the bands (290 nm) belong to monosaccharides. In spectrum of
intact muscle tissue sample are more exhibited bands of carbohydrates —275, 285 u 300 nm
(Ommac, Koxen, 1983).

1.4 ~
1.3
1.2
1.1
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0.9
0.8 4
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0.6
0.5
04

Absorbance

200 250 300 350 400 450 500 550 600 650 700
A, NM

Figure 1. Electron absorption spectra of sample surface of pork forcemeat and

muscle fibers
1 —intact; 2 and 3 — forcemeat from muscle tissue, pretreated by ethanol; 4 — muscle fiber

Treatment of sample (1) by ethanol also has an effect on all muscle tissue components, but it
is more seen in UV-range where proteins and carbohydrates are absorbed (curve 2). At this
wavelength range spectrum is located much higher than spectrum of intact sample and it is
smoothed. It is of some interest the comparison of curves 2 and 3 received at 2 month interval,
which illustrate absorption spectra of sample surface of forcemeat of two different species
pretreated by ethanol before grinding of compact muscle tissue.

Smoothing character of both spectra and their closeness let us to assume the uniformity of
destructive processes caused by ethanol activity on muscle tissue of the same anatomic part of
different animals Moreover destructive processes of ethanol affect mostly proteins and
carbohydrates of sarcoplasm. The band with A=310 nm we relate to oligosaccharides. In both
spectra indicated differentiation of two strips belonging to lipid components.

The effect of electron-beam treatment on intact minced pork muscle tissue illustrates Fig.2.
Bring to notice the inconsequence of electron spectra location in dependence with absorbed
dose. Sample that absorbed the dose in 12.5 kGy has a spectrum very similar in UV-area to
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the ones pretreated by ethanol and unexposed to radiation muscle tissue samples (Fig. 1, curve
2 and 3).
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Figure 2. The effect of electron-beam treatment on optical spectrum of surface of intact

pork muscle tissue samples
Absorbed dose is: 1 — 12.5; 2—25.0; 3 —37.5; 4 —50.0 kGy; 5 — is the control

This shows similar nature of action of ethanol and water radiolysis products on the most
sensitive water-soluble components of sarcoplasm. Spectrum of sample absorbed 25.0 kGy
declines and we turn to entirely other bands than in control. Absorbance lowering in
wavelength range 200-280 nm, formation of maximums resulting from protein
structures — 220, 240, 260 and 280 nm (qualitatively very similar to muscle tissue) and also
bands that can be given by carbohydrates — 270, 290, 310 nm shows significant destruction of
all sarcoplasm components.
Further increase of dosage lead to lift of electron spectra. Spectra concordance in interval
230-290 nm of samples 1 and 4, which absorbed 12.5 and 50.0 kGy respectively, suggests
that from the dose of 50.0 kGy begins the destruction of muscle fiber. Evidently that 37.5 kGy
dose is intermediate between the doses whereby starts disintegration of sarcoplasm
components (25 kGy) and disintegration of muscle fiber (50.0 kGy).
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Figure 3. Influence of ethanol treatment on optic spectrum of radiated

samples of pork muscle tissue
Absorbed dose: 1 —12.5; 2 —25.5; 3 - 37.5; 4 — 50 kGy; 5 — control
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It is important to notice that obtained data is in a good agreement with pH-metry data received
while post-radiation sample storage of given series (Orehova et al., 2011).

Electronic spectra show (Fig. 3) that pretreatment of samples by ethanol strengthens action of
ionizing irradiation at low doses. It is seen from the position of curves 1 and 2. Absorbed dose
25.0 kGy in studied range present oneself as a threshold. The spectra of intact and radiation
treated samples above threshold dose is not enough different from. However collating
spectrums of samples 1 and 2 (Fig. 2 and 3) make possible to notice that ethanol not only
enforce the action of ionizing radiation but gives certain direction to radiolysis.

In distinction from intact samples in spectra ethanol treated samples is absent bands specific
for protein structures, but is present bands corresponding carbohydrates. It is possible to
suppose that ethanol direct initial process of radiolysis on carbohydrate components.
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Figure 4. Electronic spectra of absorbance of sample transversal section surface of intact

pork muscle tissue
Absorbed dose: 1 —12.5; 2 —25.5; 3 - 37.5; 4 — 50.0 kGy; 5 — control

By analysis of electronic spectra of sample section surface of intact pork muscle tissue
(Fig. 4) we have turn to their identity to spectra showed on fig. 2. Just as in example of
forcemeat muscle tissue the greatest destructive effect on sarcoplasm components gives
25.0 kGy doses.
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Figure 5. Electronic spectra of absorbance of sample transversal section surface of intact

beef muscle tissue
Absorbed dose:1 — 12.5; 2 —25.0; 3 —37.5; 4 — 50.0 kGy; 5 — control
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Electronic spectra of absorbance show (Fig. 5) that samples transversal section surface of
intact beef muscle tissue are more stability for electron-beam treatment than such samples
pork muscle tissue, because in this case the process of radiolysis directed on carbohydrate and
lipids components muscle tissue.

Conclusions

1. Surface pretreatment of the compact pork muscle sample by ethanol exhibits changes of
surface optical properties of the sample after preparing forcemeat.

2. The protein structures are protected by ethanol, which redirect the process of radiolysis to
carbohydrate components of muscle tissue.

3. The influence of ethanol on restructured samples is identical to the section samples of
muscle tissue, but the beef muscle tissue is more resistant to the ionizing radiation than
the pork.
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Abstract

In order to ensure hygienic end-product realization, it is necessary as soon as possible to the chilling, using
efficient methods, such as the blast chilling equipment. Blast chilling equipment provides food chilling,
optimum, 90 — 120 minutes to +3°C, reaching an internal temperature of food, especially important to say, the
perishable ready-to-eat product groups (first course, main courses and dressings, snacks), including meat dishes,
which are used as a reference model in this study. Given the fact that in recent years, technology increasingly
refuse from discrete point, switching to the fuzzy temperatures, a study was conducted as a separate meat dishes
microbiological indicators, they are not chilling technology to the +3 °C and +7 °C and +11 °C. Research was
carried out in Amica Ltd professional kitchen, using blast chilling equipment, and Microbiology Laboratory of
Faculty of Food Technology, Latvia University of Agriculture. The study used two types of Amica Ltd catering
companies more often used for meat dishes - pork goulash and minced meat sauce. Research results show that,
by combining the food safety standards and cost-efficiency, chilling end temperature of blast chilling in the
range of +3 — +11 °C, followed by further storage in freezer. It was recommended to stop the blast chilling +7 —
+11°C temperature range, depending on the required shelf life for the finished product. It is therefore essential
that the limit, to encourage the blast chilling process, reducing the length to be able to optimize the overall
process.

Key words: chilling, blast chillers, ready-to-eat products

I ntroduction

Fast chiller as the method used in the world catering meals for more than 10 years, Latvian,
this technique is used in recent years. In Latvia this technology gained popularity in recent
years. It is related to the operation of the installation, production, knowledge which is needed
to apply the equipment, as well as the Latvian accession to the European Union, which
imposes requirements related to the food business involved parties. This is defined by
Regulation EC Nr.2073/2005 The microbiological criteria for foodstuffs, the Regulation EC
No. 852/2004 on the hygiene and food industry good hygiene practice guidelines for closed-
catering, mobile and temporary facilities (General Legislation of ..., 2010).

The aim of research is to create innovative solutions for fast chilling processes in food
services industry.

Microbiological hazards are the most common major source of food related disease and
therefore the microorganisms in food may not be in quantities that pose risks to human health.
(Marc¢enkova T., 2010; Effect of Bacterial Growth ..., 2010). Fast chilling is a way to reduce
microbiological hazards in food. However, to cool the facility dishes are familiar, a chilling
method used, because each dish has its own characteristics associated with both the food
structure, the moisture content and production technology (Rucins M., 2001).

Previously we don't have research on how the food is safe for the consumer if the food cool
for a blast chilling to a temperature of +3 °C and higher, reaching +10 °C and more. There are
also no studies on how the chilling temperature affect processing food shelf life. From a
business perspective, it is important to minimize costs. Using a method that provides a
specific time, as needed cook and cool, can reduce electricity costs.

Hot dishes can be cooled in two ways, through the fast chilling units and traditional to be
refrigerated after cooking left to cool a cold water bath, in a container on the work tables, as
well as some food companies are positioned on the sill and to which it is cooled at room
temperature, placing them in cold rooms.

There are many reasons why chilling with the blast chilling equipment is needed, such as
health security, the efficiency of the building.
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Enterprise, using fast chiller equipment, organization of work is facilitated, prepare hot meals
are chilled and can be stored up to 5 days in refrigerators. (Blast chillers ..., 2010). But good
hygiene practice guidelines for closed-end catering companies determine if a company wants
to set a longer shelf life, may be a microbiological testing laboratory where samples are
removed from the dishes and found the microbiological parameters. Conversely, if the food is
used for chilling the traditional method of chilling in a cold water bath or in specialized cells,
for good hygiene practice guidelines for public catering enterprises, this must be done within
2 hours after cooking (Good hygiene practice guide..., 2006).

This means that each day is to prepare a particular dish, for example, in one day cooks
goulash sauce not only for a certain day, but 2 or 3 days, it is cooled and placed in cold
chambers. Cooking time will save about 30-50%. (Blast chillers..., 2010). By contrast, when
preparing their own meals each day in small quantities, are consumed much more power and
resources.

Materials and Methods

This study is based on two frequently used for meat dishes — minced meat souce and pork
goulash cooked according to traditional technologies, professional pan Metos Futura.
Technological research conducted Amica Ltd professional kitchen; microbiological analysis -
Microbiology Laboratory of Faculty of Food Technology, Latvia University of Agriculture.
Cooked foods quick blast chiller Fast Friulinox was used for chilling standard mode (hard),
chilling the product of preparation (+82 — +84 °C) to a temperature +3 °C, +7 °C, and +11 °C.
Product temperature inside the cabinet was detected by the built-in bimetallic thermometer
(Irinox Blast chillers..., 2010).

For determination of the aerobic colony count (ACC) standard LVS EN ISO 4833:2003
“Microbiology of food and animal feeding stuffs. Horizontal method for the enumeration of
microorganisms. Colony— count technique at 30 degrees C” was used. For isolation of the
microorganism’s cultures GPA medium was used. The standard method usage is required by
Regulation of Eiropean Comission No. 2073/2005 on microbiological criteria for ready-to-eat
foods (Regulation (EC) No0.2073/2005).

Data processing is done with Microsoft Excel tools — average, standard error and graphics.

Results and Discussion

The study was conducted during the period from September 2010 to January 2011. In
experiments using minced meat sauce and pork goulash, prepared according to a given
technology. Ready meals placed in various GN containers of 1 kg at 6 and 2.5 cm thickness;
fast chilling standard method (hard) with a chilling period of 90 minutes. The samples were
chilled rapidly reaching the end temperature of +11 °C, +7 °C and +3 °C and stored at 72 and
96 hours in a low constant temperature (+2 — +6 °C).

Thickness of 2.5 cm

Chilling for 2.5 cm for is started, the food temperature is +7 °C below normal (+70 °C), which
are chosen by the thickness of +63 °C. Chilling process, the chamber temperature is -18° C,
but after 15 minutes it rises to 0 °C degrees. This temperature is maintained to 62" minute,
after that the cabinet temperature falls to -5 °C, until the end of the cycle.

At the end of chilling process the food temperature has dropped to +9 °C, that is not enough,
therefore, is the reopening of the chilling cycle. The new chilling cycle is initiated by -5 °C
temperature in the cabinet. This means that the machine automatically sets the appropriate
chilling temperature — the intensity depending on the temperature dishes (first chilling cycle
was initiated with the -18 °C). In the second chilling cycle, the cell temperature decreases
from -5 to -19 °C, until food temperature reaches +4 °C. The total chilling time cycle is
106 min.
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Figure 1. Changes of temperatures during food blast chilling process

Thickness of 6.0 cm

The temperature entering the chilling food is +81.8 °C, what is 11.8 °C higher than the
recommended. Chilling process, the initial temperature of the chamber is -20 °C, what persists
to 25" minute, but installed by the end of the cycle method (90 minutes), the temperature in
the chamber is gradually increased to 0 °C, when installed on the expiry of 90 minutes, but
after 90 minutes of chilling temperature of the food has to +18 °C, which is not enough,
therefore is repeated the cycle of chilling process. In the second chilling cycle in 11 minutes
the cabinet temperature fall from -3 to -12 °C, and then quickly goes down to -18 — -20 °C. In
this temperature the food is chilled 24 minutes, then it again rises to -11 °C and chilling has
been stopped because the food has reached +4 °C temperature. The second chilling cycle lasts
39 minutes, but the total chilling time is 129 minutes.

A comparison of layers

Comparing the collected data, it can be concluded that the chilling influence of food start
chilling temperature, and depth of food chilling container. At layer thickness 6 cm food
beginning temperature is +80.3 °C (the most by such temperature starts chilling, because the
food in a blast chiller immediately after preparation), and the food is chilled in the
temperature -20 °C 35 minutes, but when the layer thickness of 2.5 cm and the food beginning
temperature is +63 °C, the food was chilled -18 °C for only 15 minutes; after the chilling
temperature is 0 °C and only 90 minutes before the end of the cycle it will again fall to -5 °C.
Comparing the food temperature after 90 minutes chilling can be concluded that the layer
thickness of 6 cm, whereas the +18 °C, the layer thickness of 2.5 cm — +9 °C, that is, two
times lower.

The chilling intensity is different between the two studies — a layer of thickness 6 cm intensity
is higher and the initial temperature is higher than the layer thickness of 2.5 cm. Continuing
the chilling cycle after 90 min in both trials, the cabinet temperature falls to -20 °C, but the
chilling time at this temperature is different. At layer thickness 6 cm dish reaching +4 °C,

206



FOODBALT 2011

temperature in the chamber once again rise to -11 °C, but the layer thickness of 2.5 cm
itis -20 °C.

Chilling expectancy gap for both studies is 31 min. At layer thickness 6 cm dish was cooled in
129 minutes, but the layer thickness of 2.5 cm 106 minutes, both studies reach the same end
temperature.

If the food to chill only to +11 °C (as confirmed by microbiological studies), then a layer of
thickness 6 cm requires 109 minutes, but at 2.5 cm requires only 82 minutes.

Storage and microbiology

Ready meals at the end of the chilling process (+11 °C, +7 °C, +3 °C) were stored in
refrigerators at +2 —+6 °C degrees 72 and 96 hours.

Goulash 72 h; +3 °C
Minced meat souce, 72 h; +3 °C
Goulash 96 h; +3 °C

Minced meat souce, 96 h; +3 °C

Goulash 72 h; +7 °C

Minced meat souce, 72 h; +7 °C

Goulash 96 h; +7 °C

Minced meat souce, 96 h; +7 °C

3.78
Goulash 72 h; +11 °C =
3.66
Minced meat souce, 72 h; +11 °C =
0.0 1.0 2.0 3.0 4.0 5.0

Figigure 2. ACC average number of log CFU g in minced meat sauce and pork goulash

The results (n = 15) shows ACC count, the total sample results are less than 10* CFU g™, but
the disappointing results of the tests found two samples (> 10° CFU g'l).

When stored samples are cooled to a final temperature +30°C, 72 hours, the average number
ACC not exceed the limit — 1.34 log CFU g"' minced meat and 1,47 log CFU g pork
goulash, which confirms the blast chilling equipment manufacturer's recommendations.
Samples chilled to +7 °C ACC average number is about the same, within acceptable
standards — pork goulash 2.44 and 2.45 log CFU g of minced meat sauce. Analysis shows
that the food may be chilled by the chosen technology.

Most microorganisms evolved in samples cooled to a final temperature +11 °C - minced meat
sauce ACC is 3.66, but the pork goulash 3.78 log CFU g™'. This is related to sensitive margin
temperature (+10 — +60 °C) achievement of the development of microorganisms is to create a
favourable environment. ACC average number of meals exceeds the limit, so after such a
technology chilled foods considered to be microbiologically unsafe.

When stored samples 96 hours after chilling to +3 °C, ACC average number of appropriate
(not exceeding 10° CFU g) - figures are roughly similar to minced meat sauce and pork
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goulash. Samples chilled to +7°C over ACC is minced meat in a cream sauce —
2.71log CFU g'. Minced meat sauce organisms evolved more, as this can be explained by
different food pH environment. Minced meat sauce environment is neutral, as for food
technologies sauce add cream, but the pork goulash environment is more acidic.

Survey data show that the prepared meat dishes (pork goulash and minced meat sauce), which
are prepared by the process, rapidly chilled and stored in a low 72 and 96 hours, the test meets
the criteria used for the study, if the chilling end temperature does not exceed +7 °C. Dishes,
which are chilled to the final temperature of +11 °C, it is recommended to realize a shorter
period of time, up to 48 hours.

Conclusions

The study confirms that the company may be stored for goulash, minced meat sauce up to
96 hours in refrigerators and those ready-to-eat meals are microbiologically safe, if the
preparation is rapidly chilled end temperature of +7 °C and +3 °C.

Investigated food is microbiologically safe for the consumer, where it is chilled only to
+11°C current notional location (+3 °C). Dishes, which are chilled to +11°C is
recommended to realize a maximum of 48 hours.

Blast chilling process, and finished dishes chilled +11 °C, the chilling time is reduced by
an average of 24 minutes (22%) to the finished dish a layer thickness of 2.5 cm and about
19 minutes (15%) at a layer thickness 6 cm, which allows blast chilling to optimize the
overall process.

Storing ready-to-eat dishes until 4 days to provide the necessary storage conditions:
constant temperature (+2 — +6 °C) in a closed container in which the finished dish placed
to prevent any contamination.
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Abstract

Industrial production of bakery products allows consumers to get fresh bread at any time of the day. However,
there are many problems connected with storage and cooling of bread before distributing it to the trading
network. Microbiological safety requirements and marketing necessitates the packaging of bread into films after
baking. However, this is only possible when the baked bread has cooled. Rate of cooling is, therefore, very
critical parameter. Low cooling rates can limit production capacity in a bakery, while higher cooling rates can
lead to higher moisture evaporation rate and result in greater weight loss of the product. The moisture
distribution in bread at the end of cooling can also result in water condensation on the film, which can accelerate
fungal growth. The principal objective of this work is to study the effect of cooling conditions on heat and mass
transfer in bread, and asses their influence on product quality. Experiments were carried out with white pan
bread which was prepared in a laboratory. Cooling was undertaken in ambient environment (26+2 °C, RH 50 %)
by placing the hot product on a rack, as well as in a climatic cabinet with controlled temperature, humidity and
level of convection. A mathematical model based on Fourier’s second law for heat transfer and the Fick’s second
law for the mass transfer was developed to simulate heat and mass transfer processes in the bread during cooling,
and validated using experimental data. The model is able to predict mass and volume changes
during the ,,cooling” time.

Key words: Bread cooling, model development, heat and mass transfer.

Introduction

Heat and mass transfer in bakery products production occurs during proofing, baking and
post-baking cooling. Several works are available in the literature on the modelling of heat
transfer during baking, for example, DeVries et al. developed a quantitative model for heat
transport in dough and crumb during baking (deVries, 1988).

Modelling of simultaneous heat and water transport in the baking process can be also found in
Sablani (1988) work. Zanoni (1993) represented results of thorough study on the baking
process modelling (Zanoni, 1994). In 2007 Wagner published an article concerning water
transport in bread during baking (Wagner, 2007).

In the other words there is a lot of information available in literature, which describes heat and
mass transfer in bread during baking, but there is a lack of knowledge in the modelling of the
bakery products cooling. In 1993 van Sluis used a finite element computer program designed
for the simulation of the cooling of bovines carcasses, and adapted his model to bakery
products (van der Sluis, 1993).

Heat and mass transfers are taken into account, and chilling and freezing can be simulated.
The heat transfer on the surface takes into account the convection and the radiation, but not
the evaporation. N. Hamdami in this paper determined, thermo-physical properties, including
apparent and true densities, specifc heat, enthalpy and effective thermal conductivity
separately for crumb and crust of partly baked bread (Hamdami, 2004).

This study is an attempt to develop a mathematical two dimensional model which takes into
account thermo-physical properties of fresh baked bread and heat and mass transfer by
convection, radiation and evaporation in order to predict mass loss and time of cooling, and to
show the influence of each kinds of heat transfer on the duration of cooling process.

Materials and Methods

Experiments were carried out with white pan bread which was baked from scratch in a
laboratory and then cooled by natural and forced convections.
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Dough was prepared based on the straight-dough bread making recipe (Finney, 1984) which
is given in Table 1.

Table 1
Bread formula
Baker’s, % Ingredients Weight, g
100 Bread flour 1160
62 Water 742
2 Yeast (fresh) 24
3 NFDM 35
3 A.P. Shortening 35
6 Gran. sugar 70
2 Salt 23
Total Weight ~2085

Mixing was done in VMI spiral mixer (France). Dough was rounded and left for rest for
7 minute at ambient temperature and final moulded using a Sorensen 'New Universal. Mark 2"
moulder (England) and then loaded into slightly greazed unlidded rectangular tins
(100x100x300 mm). Tins were placed in an Acrivan Proving Cabinets (UK) for final proofing
(40 °C, 70% RH) for 1 hour. Baking was performed in a Frederick Bone gas-fired reel oven
(UK) set at 244 °C for 30 min without steam injection with leads covered tins to achieve
rectangular shape of final loaf.

Cooling of bread was considered as finished when the temperature at the bread geometrical
centre reached 25 °C.

Temperature measurements in the middle of the crumb, at the crust surface and air near the
surface were made by thermocouples connected to a Grant data-acquisition system (UK) each
second during 12000 seconds.

Weight loss measurements were carried out using a Mettler PE 3600 precision scale; the
volume of bread was measured by using of a laser volumeter. Such system allows to
determinate the bread volume without any contact such as in the case of rapeseed
displacement methods. The volume of the breads was measured just after baking, and in
3 hours after baking. Each bread sample was placed on a rotating plateau (60 rpm). A laser
beam installed on a rotating arm was then used to measure the volume of the bread without
contact. The accuracy of volume measurement using this equipment was estimated to +0.4%
according to 3 repetitions with the same loaf.

Bread moisture during chilling is determined gravimetrically by taking samples from the
crumb and heating them for 1.5 hours at 130 °C.

Results and Discussion

Modelling is based on the Fourier’s second law for heat transfer and the Fick’s second law for
the mass transfer.

Rectangular shaped bread loaf with dimensions 100 mm x 100 mm x 300 mm was chosen for
model development. Two dimension geometry along x-y axis is shown on a Figure 1.
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Figure 1. Cross-section dimensions

For modelling the grid containing 20 points in x and y coordinates, and the time step for
30 seconds are used.
The heat diffusion equation (1):

aT  AT) (OZT asz’

ot pyc, (T.W){ ox* ’ oy? 1)
where:
/1(T) — is the thermal conductivity, W (m K)™;
o — is the density of bread, kg m™;
Cp, — is the specific heat of bread, J (kg K)™.

As a boundary condition /1(T) is defined taking into account heat transfer by convection,
radiation and evaporation.
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o8 HOW(R(TW- pTW), @

x=L

where:

a — is the heat transfer coefficient, W (m?* K)™;

£ — is the emissivity of bread surface;

o — is the Stefan—Boltzmann constant;

T,,  —1is the air temperature near the bread surface, K;
T — is the temperature of bread surface, K;

p — 1s the mass transfer coefficient, m s'l;

Ps Pey— are the partial vapour pressure on bread surface and near the bread surface, Pa.

Ps= 8 Ps, (3)

where:
a,. — 1sthe water activity at the surface;

ps — is the saturating vapour pressure at the bread surface and can be faund from
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3816.44j

[18.3036—
e T—46.13

Antoine’s law as P =1333 4

Partial vapour pressure in the air near the bread surface p,,, depends on relative humidity of

the ambient air H,:

pext = H ext pgxt’ (5)
where:
ps,  —isthe saturating vapour pressure in the ambient air
[18.3036— 381644 j (6)

pSXt = 1333 e Texi—46.13 ’

The mass transfer equation:

oW OW W
=D(W)( + j (7)

where:
W — is local moisture content, W surface = 0.1;
D(W) — is mass diffusion coefficient, m* s™.

ow) (W) —ow) (] p(e(Tw- T ©
X x=L 8y y=L

The initial condition concerned mainly the temperature distribution in the crumb at the end of

baking. The experimental temperature distribution was implemented in the code.

The initial temperature was constant and equal to Ty in the sample, except close to surface

where it was decreasing from Ty to Ty with a linear relationship through a 1 cm thickness

layer.

The local water content was decreasing with a linear evolution from W, in the center to Wy

at 1 cm under the surface, and then from Wy to Wi, until the surface.

The initial conditions parameters given in table 2.

Table 2
Parameters of initial conditions
Parameter Value Units
To 372.00 K
Tso 415.00 K
Wy 0.70 g water / g dry matter
W max 0.78 g water / g dry matter
W min 0.10 g water / g dry matter

The solution of equations (1) and (2) based on the boundary and initial conditions derived
from field experiments have allowed us to obtain a mathematical model of convective bread
cooling.
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Figure 2. Comparison between calculated and measured data of the temperature
in the middle of the crumb

The two curves have some distinction; this indicates a lack of precision in the physical
parameters of heat transfer.

The quadratic average of the difference between the measured and calculated values was used
to quantify the discrepancy between model and experiment (9).

m=Jﬁi(TeXp ~Taf =287, ©)

i=1

where:
N — is the number of measured points at the centre and on the surface.

Future work with the model will include improving of several physical parameters, such as
thermal conductivity and mass diffusion coefficient of the bread, and also it is necessary to
carried out modeling with a 3-D geometry.

Received model was used for studying the effect of mass transfer coefficient on the time of
cooling and mass changing. The influence of different heat transfer coefficient value on the
calculated duration of cooling lkg bread loaf with the two modes: with evaporation,
convection and radiation, without evaporation (convection and radiation only), the mass of
evaporated moisture, and duration of evaporation are given in Table.3.

Table 3
Calculated duration of cooling 1kg loaf
Parameter Value
Heat transfer coefficient ¢ W (m° K)™ 100 | 150 | 20.0 | 250 | 30.0
Time of cooling, min 139.0 | 106.0 | 89.0 | 80.0 | 73.0
Time of cooling (excluding evaporation), min| 83.0 | 73.0 | 68.0 | 65.0 | 64.0
Mass loss, g 33.7 26.7 21.3 17.0 13.7
Time of mass changing, min 69.0 | 47.0 | 350 | 27.0 | 21.0

Conclusions

1. During the cooling process at low heat transfer coefficients the evaporation of moisture
has a significant effect on the duration of cooling (40%). At high heat transfer
coefficients the same effect on the duration of the process is small — only 12%. Number
of evaporated moisture is low (1 to 3 percent of the mass loaf), and at high heat transfer
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coefficients the moisture is evaporated during the first third of the process only, because
of the rapid cooling of the surface. At low heat transfer coefficients the moisture is
evaporated during almost the entire process.

The model showed good agreement with experimental data of the temperature changing
during cooling process. For high cooling rates the heat evaporates the moisture only
during the first third of the process, because of the rapid cooling of the surface. At low
heat transfer coefficients the moisture is evaporated during almost the entire process.
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