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Abstract

With increasing interest in the function and diversity of antioxidants in foods, several in vitro
methods for measuring antioxidant activity of grapes, fruits, beverages and their products have been
developed. Some of these methods are time-consuming and suffer from lack of selectivity and short
linear dynamic range, involve long pre-treatment steps to remove interfering species and require
complicated and expensive instruments. The present paper describes sensitive, low-cost and fast
assays for determination of antioxidant activity of red wine based on its inhibiting effect on the
reaction of bromate with hydrochloric acid. Proposed method involve addition of a known excess
of bromate and methyl orange to sample in an acid medium, and measurement of absorbance at 505
nm The reliability of the new assay was established by parallel determination by the reference 2,2°-
diphenyl-1-picrylhydrazyl (DPPH) assay and there were no noticed significant difference between
the proposed and the standard method.

Key words: Red wines, antioxidant activity, spectrophotometeric method.

Introduction

Phenolic compounds are a group of biologically active compounds, which are involved in many
metabolic routes of plants. This is a heterogeneous group constituted by catechins, anthocyanidins,
tannins, flavonones, flavones, flavonols and hydroxybenzoic and hydroxycinnamic acids, among
others. These compounds posses antioxidant properties which are thought to be related with a
reduction in the risks of coronary or cancer diseases, thus having a direct influence on human
health. Phenolics may be present in different products of plant origin, like fruit juices, olive oil and
red or white wine. They play a key role as antioxidants due to the presence of hydroxyl substituents
and their aromatic structure, which enables them to scavenge free radicals (Villano et al., 2007).
Flavonoids as well as other phenols and related compounds are also found in finished products, such
as wine or beer. They are in part responsible for the color, fragrance, and to some extent for the
taste, and therefore the quality of the wine. The composition and amount of phenolic compound
depends on the sample, origin of raw material, elaboration process and storage conditions. Hence,
these compounds are significant for wine production, as they can be used to control the quality of
red and white wine and to determine the varietal origin by quantitative analysis of the flavonoid
content (Lachman et al, 2009; Rodriguez-Diaz et al., 2006). Very high amounts of polyphenols in
fruits can have negative effects on the quality of grape juice and wine. Autoxidation of polyphenols
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to yellow- or brown-colored quinones. Furthermore, polyphenols can react with proteins,
carbohydrates and minerals. This also leads to decrease in quality. Along with polyphenols grapes
also contain polyphenoloxidases, which catalyze the oxidation of polyphenols to quinones
(Harkensee et al., 2006).

With increasing interest in the function and diversity of antioxidants in foods, several in vitro
methods for measuring antioxidant activity of food, beverages and biological samples have been
developed. The most commonly used antioxidant capacity assays include oxygen radical absorbance
capacity (ORAC assay), reducing power, determination of total phenols, 2,2-azino-di-(3-
ethylbenzothialozine-sulphonic acid) (ABTS assay), 2,2-diphenyl-1-picrylhydrazyl (DPPH assay),
hydroxyl radical-scavenger activity, superoxide radical-scavenger activity and lipid peroxidation
inhibition. These methods differ in terms of their assay principles and experimental conditions.
Because multiple reaction characteristics and mechanisms are usually involved, no single assay will
accurately reflect all antioxidants in a mixed or complex system (Li et al., 2009).

Some of these methods are time-consuming and suffer from lack of selectivity and short linear
dynamic range, involve long pre-treatment steps to remove interfering species, require complicated
and expensive instruments, or use reagents that are not commercially available. Methyl orange, such
as many acid dyes, are prone to oxidation to form colorless products in an acid medium, thus
providing a suitable analytical approach for the indirect assay of inorganic ions (Ensafi et al. 2002),
organic compounds (Basavaiah et al. 2005), and pharmaceuticals (Basavaiah et al., 2006). The
produced bromine and chlorine react with methyl orange and this reaction causes decolorization of
the solution. However, no bromate—hydrochloric acid reaction has been developed for the
determination of antioxidant activity of wine. The present paper describes a sensitive, simple, low-
cost, and fast method for determination antioxidant activity of wine based on its inhibiting effect on
the reaction of bromate with hydrochloric acid.

The employed method is based on a reaction between bromate and chloride ions in highly acidic
media. Bromate can be reduced by hydrochloric acid, producing bromine and chlorine: 10 CI™ + 2
BrO; +12H" — 5 Cl, + Br, + 6 H,0.

Decolorization of methyl orange by the reaction products was used to monitoring the reaction
spectrophotometrically at 505 nm.

Material and methods

Chemicals and samples

All chemicals and reagents were of analytical grade and were obtained from Sigma Chemical Co.
(St. Louis, MO, USA), and Merck (Darmstadt, Germany). There was used the following chemicals:
2,2"-diphenyl-1-picrylhydrazyl free radical (DPPH), KBrOs;, methyl orange, methanol, ethanol,
hydrochloric acid. Two selected wines, red wine Vranac (Rubin, Krusevac), and rose wine Rose
(Rubin, Krusevac) from different grape cultivars grown in south Serbia were analyzed.
Determination of antioxidant activity

New inhibiting assay

The inhibited reaction was monitored spectrophotometrically by observing the change in the
absorbance at 505 nm of following reagent solution:

An aliquot of the diluted wine was transferred into a 10-ml volumetric flask, and then 1 ml of
hydrochloric acid, followed by a 1.0 ml methyl orange and 1.0 ml bromate were added to the
solution. The change in the absorbance with time was measured for 1 — 15 min from the initiation
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of addition of the last drop of the bromate solution. Inhibition of methyl orange degradation in
percent (1%) was calculated in following relationship:

Inhibition (%) = (Asample 5 minllntsample - Ablanks min“ntblank) x 100

where Apiank s min 1S the absorbance of the control reaction 5 min after addition of the last drop of the
bromate solution, Intya is intercept from regression equation of the control reaction, Agampie iS the
absorbance of the system with tested wine 5 min after addition of the last drop of the bromate
solution, and Intempie is intercept from regression equation of the system with wine. All the solutions
were kept at 22 °C. All experiments were carried out in triplicate for reproducibility of results.
DPPH assay

Antioxidant activity of test wine samples was determined by using free radical scavenging (DPPH)
assay (Radovanovié¢ et al, 2010; Villano et al., 2007). This antioxidant assay is based on the
measurement of DPPH radical colour loss due to the changes in absorbance at 517 nm, caused by
the reaction of DPPH radical with the test sample. After 20 min at room temperature, As;7 \m Was
measured against the blank.

The DPPH-scavenging activity of each wine sample was calculated from the decrease in absorbance
according to following relationship:

Scavenging aCtiVity (%) = [1 - (Asample - Ablank)/Acontrol] x 100

where:  Aconrol 1S the absorbance of control, Ay is the absorbance of diluted wine sample and
Asample IS the absorbance of the diluted wine sample with the same concentration of DPPH-radical as
in control.

Statistical analysis

Three analytical replicates were carried out on each grape sample. The standard deviation was
calculated by ANOVA using the Minitab statistical package (Minitab Inc., State College, PA,
USA).

Results and discussion

The electronic absorption spectra of methyl orange aqueous solution before (curve 1) and after
addition of hydrochloric acid (curve 2), as well as after addition of bromate (curve 4) and after
addition of bromate and wine (curve 3) are shown in Fig. 1.

It is observed that the absorption spectrum of methyl orange in water at pH = 5.9 (weakly acidic) is
characterized by one band in the visible region, with maxima located at 464 nm, and by two bands
in the ultraviolet region, located at 271 and 199 nm. The chromophore contain azo linkage has
absorption in the visible region, while the benzene ring and the naphthalene ring have absorptions in
the UV region. The naphthalene ring absorption wavelength is higher than that of benzene ring.
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Figure 1. Absorption spectra of methyl orange aqueous solution: weakly acidic medium (pH = 5.9)
(curve 1); in acid solution (pH = 0.6) (curve 2); in acid solution, 5 min after addition of potassium
bromate (curve 4); in acid solution in presence of wine, 5 min after addition of potassium bromate
(curve 3)

The spectrum recorded after addition HCI in aqueous solution of methyl orange, at pH = 0.6, was
characterized by four bands at 505, 312, 272 and 205 nm. The same bands are present in the
spectrum after addition of bromate and after addition bromate and wine in acid solution of methyl
orange. The absorbance changes of methyl orange at 505 nm as functions of reaction time in
aqueous solutions, in the presence of wine, bromate ions and hydrochloric acid, are shown in Fig. 2.
The decrease of absorption band at 505 nm during the reaction indicates a rapid degradation of
methyl orange. As a result of the presence of nitrogen to nitrogen double bond of the azo dye, as the
most active site for oxidative attack. Complete discoloration of solution was observed after 10 min.
At the same time, a mild increase in the absorbance at 312 nm is observed. As the change in the
absorbance at 312 nm is considerably less significant than the one at 505 nm, the band in the visible
area is chosen for the spectrophotometric monitoring of the reaction. The presence of wine in the
medium causes a slower reaction which, in the absence of wine, is fairly fast. The inhibition effect
of wine is due to its reaction with produced bromine and chlorine. This inhibitory effect on the
reaction system depends on the wine sample (Fig 2). The higher antioxidant activity of wine, the
slower decolorization reaction proceeds.
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Figure 2. Absorbance change of methyl orange—bromate—HCl—wine system: (a) blank reactions, (b)
rose wine Rose, (¢) red wine Vranac
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As expected, the red wines had significantly higher antioxidant activity compared to rose wine. This
is due to a greater grape skin and seed contact time and temperature for the fermentation process for
red wines. The percentage inhibition for red wine VVranac was 61.8% for DPPH and 59.41% for new
assay, when the inhibition for diluted rose wine Rose, was 29.35% (DPPH assay) and 25.15% (new
assay).

The good agreement between these two methods indicates the successful applicability of the
proposed method for the determination of antioxidant activity of wine samples.

Conclusions

It is verified that the red wines have higher phenolic content levels than rose wines and the same
result is obtained for antioxidant activity. The good agreement between results of DPPH assay and
new inhibiting assay indicate the successful applicability of the proposed method for the
determination of antioxidant activity of wine.
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ITPUMEHA HA HOBA CHEKTPO®OTOMETPUCKA AHAJIN3A 3A OIIPE/IEJIYBAIGE
HA AHTUOKCUJAHCHATA AKTUBHOCT HA IPBEHU BUHA

Joprosanka bojuk, Anexcannpa PagoBanoBuk, bpannmup JoBanunyeBuk, biara PagoBanoBuk

AncTpakr

Co sroneMyBame Ha HHTEPECOT 3a (QyHKIMjaTa 1 pa3HOBHUIHOCTAa HAa aHTHOKCHIAHCHTE BO XpaHara,
Ce PEe3BHCHH HEKONKY IN Vitr0 MeToau 3a Mepeme Ha aHTHOKCHAAHCHATA aKTUBHOCT Ha Tpo3je,
OBoOIIje, MUjajalli W HUBHHATE TPOW3BOAM. 32 HEKOW OJl OBHE METOAW € IOTpeOHO Bpeme, ce
KapaKTepU3MpaaT CO HENOCTATOK Ha CENEKTHBHOCT W KpaTOK JIMHEApeH IUHAMHUYKH OIICeT,
MOTPEOHU UM C€ JOJITM YeKOPH Ha MpEeATPEeTMaH 3a Jia Ce OTCTpPaHAT KOMIOHEHTHTE KO Ipeyar u
0apaaT KOMIUTHLIMPAHHU M CKalld MHCTPYMEHTH. Bo 0BOj TpyZ e omumiana oceTnuBa, epTrHa 1 Op3a
aHalW3a 3a OINpeJelyBalke Ha AHTHOKCHAAHCHATAa aKTUBHOCT Ha IPBEHO BHHO Oa3upaHa Ha
HETOBHOT MHXMOMpauku edeKT Bp3 peakiujaTa Ha OpoMaT CO XJIOPOBOJOPOJHA KHCEIIHHA.
ITpemioxkeHUOT METOJ Ce U3BELyBa CO JOJaBamke Ha MO3HAT BULIOK Ha OpoMAaT U METHJI OpPAaHX Ha
NPUMEPOKOT BO KHCella CpeliHa, U Meperme Ha arncopbannata Ha 505 nm. BepomocTojHOcTa Ha
HOBHOT METOJ € BOCIIOCTaBEHa CO IapalieNIHO ONpeneiyBame co pedepeHTHata 2,2 -nudenmn-1-
mukpmwixuapasun (DPPH) anmanmsa, mpumro He Oemre 3a0enekaHa 3Ha4dajHa pasiika Mery
NPEIUIOKESHUOT M CTAHAAPJHUOT METO/I.

Kny4ynu 300poBH: LpBeHH BHHA, aHTHOKCHIAHCHA AKTHBHOCT, CIIEKTPO(GOTOMETPHCKH METOA.
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Abstract

Red peppers have a high content of biological active components in their nutritional composition
which are essential for human health. The high content of vitamin C and carotenoids in peppers are
variable depending on variety, degree of maturity, applied agro-technical measures and method of
processing. Freezing is one such applied method of preservation. Freezing the peppers stops or
slows growth of microorganisms and enzymatic process. Three varieties of peppers, each with an
intense red color were frozen: kurtovska kapija, palanechko chudo and horgosh. The freezing of the
peppers was performed industrially, as cubes 10 x 10 mm, at tunnel for fast deep freezing, on T of
about — 34 °C = 1 °C. Frozen peppers were packed into suitable packaging. The analyses were
performed on fresh and frozen peppers for their nutritional composition: total dry matters, sugars by
HPLC-RI, total acids, vitamin C, total carotenoids, beta-carotene by HPLC-DAD, fats, proteins,
cellulose and ash. The variety horgosh, as a spicey variety of pepper, had been characterized with
the highest content of total dry matters: 11.446 % for fresh and 10.518 % for frozen. This variety
had the highest content of bioactive components: vitamin C (135.908 mg/100 g) and total
carotenoids (690.15 pg/g). By comparing analyzed nutritional components for frozen as opposed to
fresh peppers, there was noticed a decreasing of total dry matters content, and thereby on sugars,
proteins and fats. In frozen peppers, a decreasing of vitamin C, beta-carotene and total carotenoids
content was noticed.

Key words: red peppers, freezing, nutritional composition.

Introduction

The pepper belongs to the family Solanaceous, species Capsicum annuum L. and is an important
vegetable crop, increasingly used because of its economic importance and also its chemical
composition. There are different varieties of peppers, in different shades of color (green, yellow,
orange, red and purple), in different shapes and sizes and with characteristic flavors (Lucier et al.,
2001). The pepper is a very important raw material for the canned food industry. It can be used
fresh or processed and can be dried, pickled, cooked, biologically fermented and frozen (cut into
slices or cubes) (Markovi¢ et al., 1998). Depending on the type of product desired, peppers in
various stages of technological and physiological maturity are used. Most of the products require
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mature peppers, with an intensive red color and also with a high content of dry matter (Markovi¢ et
al., 1998).

In their chemical composition, the peppers contain nutrients and bioactive components whose
quantities depend on environmental factors present during cultivation, variety of the pepper and the
degree of ripeness. The nutritional value of peppers is due to the presence of nutritional
components: carbohydrates, protein, fiber, organic acids, fats and minerals (Markovi¢ et al., 1998).
The rich chemical composition with excellent sensory properties (taste, color, smell), make peppers
irreplaceable in human nutrition (Markovi¢ et al., 1998). Peppers are an excellent source of natural
pigments, carotenoids, and vital micronutrients such as vitamin C in significant amounts and
vitamin E (Somos, 1984). Vitamin C has antioxidant properties and therefore is essential for human
biological functions, by acting preemptively on usual degenerative processes (Davey et al., 2000).
The red color in the fruits of mature peppers is due to the presence of natural pigment carotenoids
including: capsorubin cryptoxanthin and zeaxanthin, as esters of fatty acid. The most important
pigments are capsanthin and its isomer capsorubin, which represent 30-60 % and 6-18 %
respectively, of the total number of these carotenoids in the fruits (Nadeem et al., 2011). The
intensity of the red color is primarily a function of the amount of these pigments; Hungarian and
Spanish spicy varieties of peppers, used for production of spicy peppers, have a high content of
capsanthin and capsorubin, compared with other varieties (Govindarajan, 1985). It was set out that
different factors influence the composition and quantity of carotenoids and bioactive components,
such as vitamninite C and E, which have an important role in stability of colored substances during
ripening, processing and storage of red peppers (Biacs et al. 1992; Daood et al. 1996). The
importance of carotenoid components in human nutrition is well known, not only because some of
them are precursors of vitamin A, but also as an antioxidant in cells to protect from degenerative
diseases (Stahl et al., 2003).

Freezing as a technological procedure for preservation of food has been known for a long time. It is
a canning procedure, where application of low temperatures prevents the activity of microorganisms
(Veres, 2004). According to some sensor indicators (smell, taste, color) frozen food is a little
different from fresh, not processed food (Veres, 2004).

The frozen pepper is a product obtained by preparation and freezing of whole or parts of pepper
fruits. The requirements for quality of frozen peppers, which are cut into slices or cubes, are
increasing in the recent years, as a result of the demands of consumers to consume fresh, minimally
processed vegetables, as part of healthier food habits (Castro et al., 2008). A variety of peppers
which have intensive color, characteristical for the variety, and have a certain thickness of pericarp
are used for freezing. According to the color of the peppers that are used for production, the frozen
peppers can be red, green and colorful. Peppers are commonly frozen as slices ranging from 5 to 10
mm or as cubes 7 x 7 and 10 x 10 mm, without seeds (Markovi¢ et al., 1998). In general, after
preparing the peppers in the factory, without blanching, they go directly for freezing, unless the
buyer insists that the peppers shall be previously blanched. Blanching is performed in order to
destroy living microorganisms and for inactivation of enzymes. To maintain the color of frozen
products, the following considerations have great importance: blanching, rapid cooling, time of
freezing and storage temperature, because changes of temperature during storage can cause
discoloration. The most frequently applied process, which yields the best results, is the use of
continuous tunnels, because in the beginning, the tunnel has fluidisation, which prevents the cut
pieces from sticking together, i.e. achieves separation of the pieces, upon which, among other
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things, relies the quality of the frozen products. The freezing in the tunnel is achieved by rapid
freezing the peppers in temperatures of - 35 °C or lower. When applying rapid deep freezing,
microcrystalline structures are formed and do not damage the mechanical tissue of peppers. The
water is frozen in its own natural state, with all of the substances that are found in the cell juice
(Cvetkov, 1982). The frozen pepper as a finished product shall be properly labeled and transported
to consumers at a temperature of -15 °C or lower. After thawing, the food is not allowed to be re-
frozen (Markovi¢ et al., 1998).

The influence of the freezing process on quality of the product is great. During freezing, some
physical and chemical changes occur, such as drying of the product, which occurs as a result of
sublimation of water, especially if the product is not properly packed. Then, ice macro crystals may
occur and damage the plant tissue, as well as evaporate some of the aromatic substances whichis
quite noticeable in the peppers, (Cvetkov, 1982). Chemical changes in frozen vegetables can be of
enzymatic and non enzymatic nature, but at very low temperatures come to a reduction of the
activity of enzymes. Chemical changes during freezing and during storage of frozen products are:
denaturation of proteins, fat oxidation, enzymatic browning, loss of aroma and denaturation
pigments and vitamins.

Frozen food is generally recognized as a safe food. (Barbosa-Canovas et al., 2005). In terms of
safety of frozen products, it is directly depends on the quality of raw material before freezing
process, hygienic practices, and standards between all steps of the manufacturing process, storage
and distribution (Evans, 2008).

Material and methods

Samples

This paper studied industrial peppers of three varieties: kurtovska kapija, palanechko chudo and
horgosh. The varieties kurtovska kapija and palanechko chudo originate from the Strumica region
and are commonly used in the canned food industry, while the variety horgosh originates from the
Demir Kapija region and it is spicy variety, which is mostly used for the production of spices.
Peppers were harvested at full technological maturity, when the fruit achieved distinctive shape, size
and get an intensive red colour. The research consisted of an analysis of quality parameters,
nutrients, energy value, vitamin C and carotenoids on of fresh peppers as well as frozen peppers.
Examinations were made at the laboratories for food quality control in the Institute of Public Health
in Skopje, at the laboratory of the Department for processing fruits and vegetables, Faculty of
Agricultural Sciences and Food in Skopje and at the laboratories of the Central Food Research
Institute in Budapest, Hungary. Analyses were made by using standard laboratory methods (Vracar,
2001), equipment and standard chemical reagents. Chemicals and standards used for HPLC methods
were with HPLC purity.

Technology of freezing

The technological process of freezing was performed industrially, at the factory "DS Foods",
Kumanovo. Preparation of the peppers for freezing was carried out by manually sorting the peppers
according to equalization in color and size, where the dimension of the peppers is particularly
important and should be accounted for according to the needs of cutting machine. Then the peppers
were washed, cut and the stalk and seeds were manually removed. The peppers were brought into a
perforated drum, where a strong jet of water was used in order to completely remove the seeds and
waste, after which, cleaned, sliced quarters of peppers were cut into certain dimensions as cube or
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slices. The peppers passed through a horizontal movable strip with several ventilators to remove
excess water. A universal continuous freezing tunnel was used to freeze the peppers, and ammonia
was used as a cooling medium. The temperature of the freezing was - 35 °C + 1 °C or lower, and the
tunnel had an air flow, so that the raw material was frozen for a period of 10 - 15 minutes, whereby
it is important that at the center of the unit product, the temperature should be -15 °C or lower
(Markovi¢ et al., 1998). Frozen peppers, through an output dosimeter, were filled in cardboard
boxes, with a PVC tool tray, from 10 to 12 kg, and were appropriate declared. The final products
were lined up on a palette in closed containers and moved to the cooling chambers, at a temperature
of - 20 to - 25 °C, where they were stored until delivery.

Morphological characteristics of fresh peppers

Morphological measurements were made on fresh peppers from varieties: kurtovska kapija,
palanecko chudo and horgosh. For these measurements 30 fruits of peppers of each variety were
taken and measured with the following parameters: weight, height, width, as well as the thickness of
pericarp and also weight of cleaned out peppers. According to these data, percentages of the useful
part of the pepper fruits for each variety of peppers were calculated.

Determination of quality

The quality was determined using the following parameters: total dry matter with gravimetric
method, by drying the samples in an oven dryer at 105 °C to constant mass; total acidity by applying
of volumetric method, where as solution for titration was used 0.1 M solution of NaOH; ash was
determined with reference, by incineration and burning of samples in a Muffle oven, on temperature
of 550 °C.

Determination of nutritional value

To determine the nutritional value of fresh and frozen peppers, analyzes were made of the following
chemical parameters: sugars by applying HPLC-method with Rl-detector (internal method in
Institute of Public Health); fats were assessed with extraction, according to the Soxhlet method;
proteins were determined through the content of nitrogen, analyzed with the Kjeldahl method;
cellulosa was determined by using gravimetric method after Scharrer - Kiirschner. For calculation of
the total energy value of fresh and frozen peppers, appropriate coefficients for each of the nutrients
were used.

Determination of vitamin C and carotenoids

Vitamin C was determined by applying the volumetric method, where a solution of 0.1 N J, was
used for titration. Determination of carotenoids had been done at the laboratory of the Central Food
Research Institute in Budapest, Hungary, by applying of internal method for the extraction and
determination. Carotenoids were determined by applying of liquid chromatography, with HPLC-
method. Carotenoids were extracted with organic solvents, methanol and dichloromethane, while
for chromatographic method was used a reverse-phase column, Vis detection were provided at
wavelength of 473 nm, using gradient program. For quantification was used a standard p-carotene,
whereby peaks of the samples were integrated and quantified in terms of surface peak of calibration
standard.

Results and discussion

Determination of morphological properties of fresh peppers

Each variety of pepper is distinguished by special biological, morphological and production
properties, as well as purposes for which they can be used (Jankulovski, 1997). The examinations of
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morphological characteristics of fresh pepper fruits are important for determining their variety
characteristics. During the breeding of the peppers, despite genotypic factors, influence on
morphological characteristics also have environmental and conditions of cultivation. Genotypic
factors are considered to have a dominant influence on diameter (50.53 %), weight (50.16 %) and
the useful part (48.06 %) of fruits of pepper, while enviroment has a dominant influence of hight of
peppers fruits (34. 31 %). It was determined that there is a difference in thickness of pericarp that is
mainly due to genotypic differences (38.53 %) and their interaction with the environment (35.89 %)
(Todorova, 2007). Peppers that are harvested in their technological maturity, and are characterized
by fully formed fruit shape and appearance that is characteristic for the variety (Markovi¢ et al.,
1998). According to size, fruits of peppers are grouped in: very large fruiting — weight more than
150 g; large fruiting 40 - 150 g; intermediate large fruiting of 10 - 40 g; minor fruiting 4 - 10 g and
very small fruiting, with weight below 4 g (Jankulovski, 1997). The thickness of pericarp is a
variety characteristic, and often depend on the conditions of cultivation. According thickness of
pericarp fruits of peppers are divided into groups: very fleshy - over 6 mm thick of pericarp, fleshy
from 4 - 6 mm, medium fleshy 2 - 4 mm, weakly fleshy below 1 mm thick pericarp (Jankulovski,
1997). The results of examined morphological characteristics of fresh peppers, for each variety of
peppers, are presented in Table 1, where for each variety peppers are presented the following
characteristics: weight (g), height (cm), width (cm), thickness of pericarp (mm), weight of a cleaned
fruits of peppers (g) and a useful part of the peppers (%).

Table 1. Comparison of the morphological characteristics of the fresh peppers varieties: kurtovska
kapija, palanechko chudo and horgosh

Average value with standard
L . .. palanechko
deviation _of morphologl_ca_l kurtovska kapija chudo horgosh
parameters in peppers varieties

Weight () 102.44 + 11.93 118.97 + 15.06 54.48 + 7.92
Height (cm) 15.15 + 1.67 15.51+£0.92 15.03 £ 1.05
Width (cm) 5.36+0.73 6.42 + 0.49 4.36 £ 0.55
Thickness of pericarp (cm) 0.42 £0.07 0.44 £ 0.04 0.33+0.06
Weight of a cleaned peppers () 84.35 + 10.48 98.92 + 10.47 44.06 = 6.58
Useful part of the peppers (%) 82.30 +3.04 83.51+2.69 80.84 +2.11

From the Table 1, can be seen that from examined varieties of fresh peppers, the variety palanechko
chudo has the highest average values for: weight (g), width (cm), hight (cm) and thickness of
pericarp (cm), while the variety horgosh is characterized with the lowest average values for weight
(9), hight (cm), width (cm) and thickness of pericarp (cm). According to obtained results, it can be
noticed that peppers fruits of all three varieties have large fruiting (40 - 150 g) (Jankulovski, 1997).
The ratio of hight: width (H:D) is within the limits from 3:7 to 7:1, what indicate that all three
varieties of peppers belongs to species (Capsicum annuum ssp. Macrocarpum var. longum)
(Markovi¢ et al., 1998). The thickness of pericarp, in variety kurtovska kapija is 0.417 + 0.07, and
in palanechko chudo is 0.437 + 0.04, which, according to Jankulovski (1997), belong to group of
fleshy peppers. The peppers of variety horgosh have thick pericarp 0.329 + 0.06, that according to
Jankulovski (1997), belong in the middle fleshy peppers. The obtained results show that the highest
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average of utilization of pepper fruits (%) have fruits from the variety palanechko chudo (83.509 +
2.69), while the lowest have the pepper fruits of the variety horgosh (80.843 + 2.11). The results of
measurements for morphological properties were statistically elaborated for each of the examined
varieties of peppers and for each of the examined parameters. The F-test was used and it was
established that between varieties kurtovska kapija and palanechko chudo there was no statistically
significant differences in relation to weight (P = 0.015) and height (P = 0.0009) of the peppers
fruits. Between varieties kurtovska kapija and horgosh and also between palanechko chudo and
horgosh there were statistically significant differences (P <0.05) in relation to weight thickness of
pericarp and width of the peppers fruits.

Determining quality of fresh and frozen peppers

According to the Regulation on specific requirements relating to quick-frozen foodstuffs (Official
Gazette No.32, 2006), the raw materials used in production of quick-frozen foodstuffs must be of
good marketable quality and possess the necessary level of freshness. The quality of pepper
varieties are evaluated according to: physical and sensory properties, physicochemical analysis and
evaluation of the nutritional value (Pruthi, 2003). The quality of the fresh pepper fruits depends on:
variety, time and manner of production, mineral nutrition of plant, breeding and protective
measures, as well the time and method of harvest, etc. (Ili¢ et al., 2009).There are many factors
which could affect the characteristics of final frozen vegetable, such as: type of product, variety,
degree of maturity, the quality of the raw material, method of harvest, time from harvest to
processing and treatments before freezing (Torreggiani et al., 2000). All of these factors and/or their
combination, along with packaging and conditions of storage and during the distribution chain, have
an effect on quality of frozen product (Evans, 2008). In peppers, water as a most typical ingredient
is in a free condition, and one part is tied with proteins, carbohydrates and salts. Freezing
temperature depends on the concentration of soluble matters. The freezing point is lower for the
higher concentration of soluble matters (Veresh, 2004). Formation of ice crystals can cause
disruption of frozen tissue which leads to release of enzymes and chemical substances that affect the
quality of frozen food (Da-Wen, 2006). In Table 2 are presented results of analysis of individual
chemical parameters, according what were determined the quality of fresh and frozen pepper
varieties: kurtovska kapija, palanechko chudo and horgosh.

Table 2. Comparison of quality parameters among fresh and frozen peppers from varieties:
kurtovska kapija (KK), palanechko chudo (PC) and horgosh (H)

Param(.ater for KK fresh PC fresh H fresh KK PC frozen | H frozen
analysis frozen
Water (%) 90.601 £ | 91.609+ | 88.554+ | 92.029+ | 91.815+ | 89.482+
? 0.146" 0.107" 0.124" 0.178" 0.175" 0.168"
9.399 + 8391+ | 11446+ | 7971+ 7883+ | 10.518 +
0,
Total dry matter (%) o440 | 0107 | 0424° | 0478° | 04175 | 0.168"
0.464 + 0516+ 0.671 + 0415+ 0.375+ 0.577 +
Ash (%) . . . . . .
0.054 0.019 0.060 0.025 0.019 0.056
Total acidity (%) 0372+ 0.396 £ 0315+ 0.251 + 0.197 £ 0.239 +
(as citric acid) 0.027" 0.025" 0.041" 0.012" 0.015" 0.042"

standard deviation
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According to results in Table 2, it can be note that the variety kurtovska kapija has the highest
content of water (%) in frozen pepper and the lowest content of ash (%) in fresh peppers. The
variety palanechko chudo has the highest content of water (%) and total acidity, as citric acid (%)
in fresh peppers, while the lowest content of total dry matter (%) in fresh peppers, ash (%) and total
acidity, as citric acid (%), in frozen peppers. In the variety horgosh were determined the highest
content of total dry matter (%) and ash (%), in fresh as well in frozen peppers, total dry matter (%),
ash (%). Also, this variety has the lowest content of total acidity, as citric acid (%) and water (%) in
fresh and water (%) in frozen peppers.

The obtained resalts were statistically elaborated, for all examinated varieties of fresh and frozen
peppers, were calculated the mean values and standard deviation for each of tested parameters for
quality. There were estimated: average value of water (%) in fresh and in frozen peppers; average
value of total dry matter (%) in fresh and in frozen peppers; average value of ash (%) in fresh and in
frozen peppers; average value for total acidity, as citric acid (%) in fresh and in frozen peppers.
According to obtained results, water content in the examined fresh peppers varieties corresponds to
the values according to Somos (1984) where the water content in the fruit of pepper ranges from 82
— 92 % (Markovi¢, 1998), and also according to Niketi¢-Aleksi¢ et al. (1989), where fresh red
pepper contains 90.7 % water. Obtained values for ash or mineral matters in examined samples are
approximate in comparison with data from Niketi¢-Aleksi¢ et al. (1989), where fresh red pepper
contains 0.5% ash. Organic acids are weakly present in peppers, and as the most common are citric
and malic acids, but their effect on taste of peppers and depends on their proportion with sugars
(Jankulovski, 1997).

By comparing results of quality parameters among fresh and frozen peppers for all three varieties of
peppers, it was noted that there was a decrease of dry matter, ash and total acids, which is due to a
loss of water content along with soluble substances during thawing (Cvetkov, 1982).

After analysing the results for quality parameters of fresh and frozen peppers, it was established that
during the freezing process, the percentage of water increases by (+) 0.225 % in the palanechko
chudo and by (+) 1.576 % in kurtovska kapija, while the total dry matter is reduced by (-) 6.054% in
palanechko chudo and (-) 15.193 % in kurtovska gate.

To determine changes of quality parameters in fresh peppers during freezing, statistical elaborations
of results were made by applying the F-test. It was determined that between fresh and frozen
varieties of peppers, kurtovska kapija and palanechko chudo, there were no statistically significant
differences , compared to the average water content, total dry matter, ash and total acids, as citric
acids. Small changes were due to changes in the structure of the cells when thawing, then it comes
to losing their turgor, responsible for shape of tissue (Cvetkov, 1982).

Determining nutritional value of fresh and frozen peppers

The nutritional value of peppers is due to the presence of nutritional components: total carbohydrate
(7.1 %), of which sugars (5.2 %) and cellulose (1.7 %), then protein (1.4 %) and fat (about 0.3 %)
(Vracar, 2001).

By comparison of quality for examined fresh and frozen peppers, all three varieties had a reduction
in dry matter after freezing. According to Cvetkov, (1982), by freezing and after the thawing, there
is a loss of juice from the products together with other nutrients dissolved in the juice, such as:
sugars, vitamins, mineral matter and organic acids. To estimate how big are changes of nutrients in
varieties of peppers, kurtovska kapija, palanechko chudo and horgosh after freezing, the results
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from examination are presented in a Table 3. It can be noted that content of total dry matter in fresh
peppers are higher, than in frozen peppers.

The variety of pepper which stands out with the highest content of dry matter was horgosh, in fresh
(11.446 %), also in frozen (10.218 %) peppers. As a result of this, the variety horgosh was
characterized by the highest content of fructose (3.866 %) in frozen; glucose (3.393 %) in fresh and
(2.917 %) in frozen; cellulose (1.821 %) in fresh and (1.805%) in frozen; protein (1.431 %) in fresh
and (1.388 %) in frozen; fat (0.494 %) in fresh and (0.413 %) in frozen peppers. In fresh peppers,
the the variety kurtovska kapija had the highest content of fructose (4.323 %).

Table 3. Comparison of nutrients among fresh and frozen peppers from varieties: kurtovska kapija

(KK), palanechko chudo (PC) and horgosh (H)

Parameter for analysis KK KK PC fresh PC H fresh H frozen
fresh frozen frozen
Total dry matter (%) 9.399 7.971 8.391 7.883 11.446 10.518
Fructose (%) 4.323 3.279 3.892 3.486 4.243 3.866
Glucose (%) 2.729 2.552 2.396 2.250 3.393 2.917
Cellulose (%) 1.026 0.976 0.992 0.982 1.821 1.805
Proteins (%) 0.983 0.922 0.876 0.851 1.431 1.388
Fats (%) 0.28 0.201 0.213 0.205 0.494 0.413
Vitamin C (mg/100g) 132.057 | 94.166 124.663 82.44 138.908 88.311
B — carotene (ug/g) 32.59 27.05 20.04 11.32 101.35 67.40
Total carotenoids (ug/g) | 254.55 239.39 223.48 150.76 690.15 587.88

It was determined that the variety horgosh had the highest content of vitamin C (138.908 mg/100 g)
in fresh peppers, compared to the variety kurtovska kapija in frozen peppers (94.166 mg/100 g). By
using statistical calculation, it was found that the average value of vitamin C in fresh peppers was
131.876 = 7.124 mg/100 g, while in frozen was 88.306 + 5.863 mg/100 g. The content of vitamin C
in peppers depends on: growing conditions, degree of maturity and etc. and it ranges from 200-400
mg/100 g, whereby it is more present in small fruiting peppers than in large fruiting ones.
(Jankulovski, 1997). According to Vracar (2001), the content of vitamin C in red peppers is 204
mg/100 g.

The variety palanechko chudo had the lowest content of B-carotene (20.04 ug/g) and total
carotenoids (223.48 pg/g) in fresh and also in frozen peppers, with B-carotene (11.32 pg/g) and total
carotenoids (150. 76 pg/g). Fresh peppers from variety horgosh had the highest content 101.35 ug/g
for B-carotene and 690.15 pg/g for total carotenoids, while in frozen were for B-carotene (67.4 ng/g)
and total carotenoids (587.88 pg/g). Also, it was determined that the fresh peppers from variety
horgosh had the highest share of B-carotene in total carotenoids content(14.685 %) and for frozen
(11.465 %), while the lowest share of B-carotene in total carotenoids content was found in in fresh
peppers from the variety palanechko chudo with (8.967 %), and in frozen was (7.508 %).
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Figure 1. The share of B-carotene in the total Figure 2. Vitamin C content in fresh and
amount of carotenoids. frozen peppers.

Differences in the content of colored matters in fruits of pepper are due to many factors, agricultural
technique, maturity of fruit, and etc. In peppers there are certain colored matters: capsanthin about
70%, capsorubin 14 %, carotene approximately 6% zeaxanthin 5% cryptoxanthin and others around
5% (Jankulovski, 1997). According to Niketi¢-Aleksi¢ et al. (1989), B - carotene is contained within
the limits of 2.12 to 3.04 mg/100 g, while the content of total carotenoids is in the range from 15.99
to 16.35 mg/100 g. The data from FAO shown that the human body can utilize only 1/3 of the total
the entered carotenoids (Niketi¢-Aleksic et al., 1989).

To determine differences between fresh and frozen peppers, as well as between each of the tested
varieties of peppers, by applying statistical methods ANOVA, the obtained results were statistically
elaborated. It was determined that differences in: total dry matter, water, ash, glucose, cellulose,
proteins, fats, B-carotene and total carotenoids among fresh and frozen peppers between each of the
varieties, and between the average value of total fresh and frozen peppers were determined
statistically significant differences (P <0.05). For the examined: total acidity, as citric acid, fructose,
B-carotene and total carotenoids, between fresh and frozen peppers for each of the varieties, and
between the average value of total fresh and frozen peppers were determined statistically significant
differences (P <0.05). For vitamin C, it was determined that the differences between fresh and
frozen peppers are statistically significant (P <0.05), while between each of the tested varieties of
fresh and frozen peppers, there were no statistically significant differences (P <0,05).

Differences that are determined in nutrients between fresh and frozen peppers are due to the
chemical changes that are occurring during freezing, which can be of an enzymatic or non
enzymatic nature. Then, there is a possibility of inversion of sucrose under enzyme activity of
invertase, which is quite intense at a temperature of -12 to -16 °C, while vitamin C undergoes
greater decomposition, especially when there is no previously treatment of blanching for
inactivation ascorbase (Cvetkov, 1982). Chemical changes that occur during freezing and during
storage of frozen vegetable products are particularly highlighted during thawing of product, when
deformation occurs along with a change of the structure and a loss of juice with a part of soluble
substances of the products (Cvetkov, 1982).

From the results of nutrients in peppers (total sugars, fats and proteins), nutritional or energy value
for fresh and frozen peppers was calculated. According Vracar (2001) the energy value in fresh red
peppers is 158 kJ. During calculation, the following coefficients were used which correspond to: 1 g
fat to 38.9372 kJ, 1 g sugars to 17.1658 kJ and 1 g of protein to 17.1658 kJ. The results for the total
energy value expressed in kilojoules (kJ) and kilo calories (kcal) are presented in Table 4.
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According to these results, it can be noticed that the energy value is the lowest in the variety
palanechko chudo 148.3 kJ (35.42 kcal), in fresh peppers and also in frozen peppers,137.91 kJ
(32.94 kcal), while the highest energy value has the variety horgosh 206.13 kJ (49.24 kcal) in fresh
and 187.33 kJ (44.74 kcal) in frozen peppers.

Table 4. Comparison of energy values of nutrients in fresh and frozen peppers for varieties:
kurtovska kapija (KK), palanechko chudo (PC) and horgosh (H)

KK fresh | KK frozen | PC fresh | PC frozen H fresh H frozen

Total sugars (%) 8.078 6.807 7.28 6.718 9.457 8.588
Energy value 138.67 116.85 124.97 115.32 162.34 147.42
(xJ) (kcal) 33.12 27.91 29.85 27.54 38.77 35.21
Proteins (%) 0.983 0.922 0.876 0.851 1.431 1.388
Energy value 16.87 15.83 15.04 14.61 24.56 23.83
(xJ) (kcal) 4.03 3.78 3.59 3.49 5.87 5.69

Fats (%) 0.28 0.201 0.213 0.205 0.494 0.413
Energy value 10.90 7.83 8.29 7.98 19.23 16.08
(xJ) (kcal) 2.61 1.87 1.98 1.91 4.60 3.84

Total energy 166.44 140.51 148.3 137.91 206.13 187.33
value (xJ) (kcal) 39.76 33.56 35.42 32.94 49.24 44.74

By applying statistical methods, the average energy values and standard deviation, for fresh and
frozen peppers were calculated. In fresh peppers, the average energy value was 173.623 + 29.58 kJ
(42.33 £+ 7.07 kcal), while the frozen peppers average energy value was 155.25 + 27.81 kJ (37.08 +
6.08 kcal).

Conclusions

Based on examinations made in this research and by evaluation of the obtained results, the
following can be concluded:

Morphological characteristics - according to the weight of examined peppers, all three varieties:
horgosh, palanechko chudo and kurtovska kapija are large fruiting, according to ratio of hight :
width they belongs to specie (Capsicum annuum ssp. Macrocarpum var. longum), while according
to tickness of pericarp, varieties kurtovska kapija and palanechko chudo are fleshy, while the
variety horgosh belongs in medium fleshy peppers.

Quality of fresh and frozen peppers - according to results for quality of fresh peppers, it had been
established that the examined varieties of peppers were with the necessary level of freshness, shape,
color, and had featured with good marketable quality and can be used for the production of frozen
peppers. In terms of the evaluated parameters of quality, it was determined that in average, between
fresh and frozen peppers, there were insignificant differences, which were due to a change of
structure of cells during thawing.

Nutritional value of fresh and frozen peppers - according to the survey, it was found that average
value of each of examined nutrients did not significantly differentiate between fresh and frozen
peppers. Significant differences among tested varieties were identified during the freezing of certain
nutrients, such as dry matter, which consist of all the soluble nutrients, colored matters and vitamin
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C. These differences of nutrients between all three varieties of peppers were due to the sort
characteristics of peppers, environment, growing conditions, degree of maturity, and certain
chemical changes during freezing and storage of frozen products. Variety horgosh had the highest
content of dry matter, and therefore the highest energy value, in fresh and also in frozen peppers.
According to the conditions outlined by the Regulation for specific requirements relating to quick-
frozen foodstuffs (Official gazette No0.32, 2006), it had been established that frozen peppers were
clean, healthy and free of impurities. Aroma, color and taste were inherent to the variety from which
it were produced.
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BJIMJAHUE HA CMP3HYBAIKBETO BP3 HYTPUTUBHHUOT COCTAB KAJ OJJAEJTHA
COPTHU IIPBEHU ITUIIEPKHU

Kapakamosa Jbyouna, babanoscka-MunenkoBcka @pocuna, Xyceun I'. layn, ManacueBcka-
Cumuk CunBaHa

AncTpakr

IIpBeHare nmunepku BO CBOjOT HYTPHTHBEH COCTAaB MMa BHCOKAa COJIpPXKMHA HA OMOJOIIKO aKTHBHU
KOMITOHEHTH Ba)KHH 3a YOBEKOBOTO 37paBje. Bucokara conpskiHa Ha ButaMuH C 1 KapOTEHOUANTE
BO THMIEpKaTa Ce BApHjaOMIIHM BO 3aBUCHOCT O] COpPTara, CTEIIEHOT Ha 3pENOCT, MPUMEHETH
arpoTeXHUYKH MEPKH M HAaYMHOT Ha mpepaboTka. CMp3HYBAaWmETO € JOCTa MPUMEHYBaH METOZ Ha
KoH3epBHpame. Co CMP3HYBameTO Ce 3amupa WM 3a0aByBa Pa3BOjOT HA MHUKPOOPTaHH3MHUTE H
€H3MMAaTCKUTE MpoLEeCcH. 3a CMp3HYBamke 06ea KOPUCTEHU IUIOMOBH OJf TPH COPTH Ha NHIEpKa, CO
u3paseHa LpBeHA 00ja: KYpmoscka Kanuja, naiaHeyko uyo0o WU Xop2oui. 3aMp3HYBamETO Ha
MUIepKuTe Oelle W3BEACHO MHAYCTpHCKH, Kako kouku 10 x 10 mm, Bo TyHen 3a 6p30 myaboko
cMp3HyBamke, Ha T ox okomy — 34 °C + 1 °C. CMp3HaTtuTe nuIepku Oea MakyBaHH BO COOJIBETHA
ambanaxka. Kaj cBexxuTe ¥ CMp3HAaTUTE MTUIEPKH HAlpaBeHa € aHAJIM3MPa Ha HyTPUTHBHUOT COCTaB!
BKynmHH cyBH Marepuu, Imekepu co HPLC-RI, Bkymam kucemnnm, ButamuH C, BKYITHH
kaporeHouan, Oera-kaporeH co HPLC-DAD, mactn, mporemnHm, menyno3a u memen. Coprara
X020ui, KaKO 3a4MHCKa COpTa, c¢ OJUIMKYBa CO HAjBHCOKA COAP)KMHA Ha cyBH Matepuu 11,446 % Bo
ceexa u 10,518 % Bo 3aMp3Hara coctoj6a. Kaj oBaa copra BO OJHOC HAa MCIMTYBAHHUTE MMHUIICPKH
yTBpJIeHa € HajrojieMa COJpP)KUHA Ha OnoakTUBHM KoMnoHeHTH: Butamut C (135,908 mg/100g) n
BKyNHHU KaporeHouu (690,15 pg/g). Co cnopenda Ha aHaNM3UPaHUTE HYTPUTUBHU COCTOjKH, Kaj
CMpP3HATUTE THIEPKH BO OJHOC HAa CBeXHTE 3alenexaHo € HamallyBamke Ha COJAp)KHHATa Ha
BKYITHUTE CYBM MaTepuH, a CO TOa M Ha ILIeKepuTe, NpoTerMHUTe M Macture. Kaj cMmp3Harute
IIUIEPKH 3a0esIe)kaHo € HaMalyBambe Ha COApXKHMHATa Ha BUTAaMHUHOT C, OeTa-KapoTeH M BKYIHHUTE
KapoTEHOU/IH.

Knyunu 300poBH: IPBEHN MUIIEPKH, CMP3HYBamke, HyTPUTHBEH COCTAB.
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Abstract

This research was made in order to determine and compare the quality properties of jams produced
by using different sweeteners and two varieties of raspberry: cultivated and wild.

In order to determine differences in the quality properties of a cultivated and wild raspberry,
analysis were made on the following parameters: total dry matter, soluble solids, ash, total acids,
pH, sugars, vitamin C and proteins. In cultivated raspberry Willamette were established lower
values for total dry mater 14.25% and soluble solids 8.60°Brix, comparing by the wild variety of
raspberries where were obtained 15.10% total dry matter and 10°Brix of soluble solids. For
preparing the jams in a traditional way were used different sweeteners: sucrose, fructose, sorbitol
and Agave syrup. Of the finished product (jam) were determined the significant chemical
parameters: total dry matters, soluble solids, ash, sugars, total acids, pH, vitamin C and proteins.
The highest value of total dry matters was recorded in jam made from a wild raspberry with sucrose
(49.96%), which reflected on the highest values for soluble solids (45.92°Brix) and total invert
(37.30 %). The values of total acids in jams vary from 0.78 % to 0.81 %. On ready-made jams
sensorial analyses were performed, which found that smell, taste, colour and consistency are
acceptable. Microbiological examinations indicate that jams are microbiologically proper according
to standards.

Key words: raspberry, quality properties, jams, sweeteners.

Introduction

The raspberry, with its biological and pomological properties, belongs to the group of the most
prized and most important fruit species. Thanks to the great nutritional and technological value of
the fruit, it is suitable for different types of domestic and industrial processing. There are several
varieties of raspberries: red (Rubus idaeus L.), black (Rubus idaeus occidentalis L.) and purple
(Rubus idaeus neglectus). The most common and economically important is the red raspberry
(Velickovi¢, 2007).

The raspberry fruitage has a pleasant, aromatic and refreshing taste and smell. It is rich in
carbohydrates, organic acids, vitamins (vitamin C, B group vitamins, vitamin E and K), minerals
(potassium, calcium, phosphorus, iron), dietary fibber, natural pigment (anthocyanins) and
polyphenols, which make this fruit a protection from many diseases (Mitrev, 2006; Pichler, 2011).
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Anthocyanins and polyphenols are powerful antioxidants that have anti-carcinogenic properties.
After freezing or processing into jam fruit have maintained its properties (Levaj et al., 2010).
Raspberry can be processed into jam, stewed fruit, marmalade, syrup, wine, juice and other
products. Jam is made by boiling fresh, frozen or chemically half-processed canned fruit by adding
sugar, pectin and acid. The adequate of the jams requires a correct combination of each of these
components. The main feature of this product is containing fruit pieces in an even gel substance,
without separated the fruit juice (Lovri¢, Pilizota, 1994).

Jams are produced with a lower percentage of dry matter amounting to 30-50% comparable with the
classic jams where the solids content ranges from 67-70%. These jams are prepared with a reduced
amount of sucrose, or partial or complete replacement made with a suitable sweetener, using low-
esterified pectines in the presence of calcium ions. Sweeteners act as preservatives and participate in
maintaining the desired quality. (Tepi¢ et al., 2001; Pavlovi¢ et al., 2003; Wolf, Schafer, 2009; Hui,
2006; Zhao, 2007).

Taking into consideration the findings of the importance of raspberry for human health and the
possibility of processing fruits into jam by using different sweeteners (Pavlovi¢, 2006; Tepic¢ et al.,
2001; Zhao, 2007), this paper shall analyze the pomological and chemical properties of two types of
raspberry (cultivated and wild), followed by establishing the quality properties of jam produced
using different sweeteners.

Material and methods

Two varieties of fresh raspberry fruits have been used as raw materials for jam production: the
cultivated raspberry (Willamette) from the Krusevo region and the wild raspberry from the
mountain region of Skopska Crna Gora. Before processing the fruit its pomological properties and
chemical composition have estimated. Fifty fruits from each variety of raspberries have been used
for determining the pomological properties. The weight of the fruits was measured with analytical
balance, while the height and width of fruits were measured with a vernier scale. Standard analytical
methods were used to determined chemical parameters: total dry matter by oven drying at 105 °C,
content of total soluble solids by means of a refractometer, content of ash in a muffle furnace at 550
°C by gravimetric method, total acidity by titration of a 0.1 M solution of NaOH, pH value with a
pH meter, sugars with the HPLC-RI method, vitamin C with an iodometric titration method and
proteins with the Kjeldahl method.

The manufacture of dietary jams using traditional technological methods of processing was
performed at the factory Vitalia Nikola Ltd. From each variety of raspberries, jams were produced
using different sweeteners such as sucrose, fructose, sorbitol and Agave syrup. To achieve the
desired texture during the production process, low-esterified pectin from the GENU pectin type LM
115AS by CPKelco with the addition of calcium ions in the form of calcium citrate and to provide
the necessary acidity citric acid have been added.

The technological procedure comprises the following operations: washing and inspection, boiling
by adding a suitable sweetener while stirring continuously, adding pectin, calcium citrate and acid,
mixing, filling in jars and closing. The boiling was carried out in inox pressure cookers (steam
release system). The percentage of dry matter during the production process has been controlled by
a refractometer.
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The chemical composition and microbiological safety of the produced jam has been tested, and its
organoleptic features have been accessed. The chemical composition was estimated in the same way
as it was done with fresh raspberry.

The sensory analysis was conducted in a scoring system, where the individual quality criteria
(smell, taste, colour and consistency) were awarded with a different number of maximum points i.e.
2 points for the smell, 8 points for the taste, 4 points for colour and 6 points for consistency, the
total sum amounting to 20 (Vracar, 2001; Tepi¢ et al., 2001; Tepi¢ et al., 2004).The microbiological
tests have been made in order to confirm the microbiological safety of the produced jams.

Tests were made in the laboratory for processing fruits and vegetables at the Faculty of Agricultural
Sciences and Food, Skopje, and some in the laboratories of the Institute of Public Health in Skopje.

Results and discussion

During processing, the fruit as a basic raw material must meet the requirements set by technological
aspects, including physical and chemical properties, primarily because the quality of the finished
product depends on the quality of the used raw materials (Niketi¢- Aleksi¢, 1994).

Fresh healthy fruits have been selected for this study, without major damage. The results obtained
from the analysis of the pomological and chemical properties of the examined fruits of each fruits of
both varieties of raspberries are given in Table 1. Evaluations of the pomological parameters
(weight, height and width) determined that the fruits of wild raspberry are characterized by lower
average weight (1.33 g) in comparison to the fruits of the cultivated raspberry Willamette (3.02 g).
These results are in relation with the reference data, according to which the weight of the wild
raspberry ranges from 1.1 to 1.6 g, while the weight of the highest quality varieties of red raspberry
ranges from 3 to 6 g (Karaklaji¢ -Staji¢ et al., 2006). Also, the values for the other fruit dimensions
of the wild raspberries have smaller average values compared to the average size of the cultivated
raspberry Willamette. From the results of the fruit measurements of the analysed Willamette variety
it can be concluded that these data correspond to the data presented by Velickovi¢ et al. (2004),
indicating that the fruit cv Willamette has measured value of the weight around 3.3 g, 2.0 cm in
height and 1.8 cm in width. The results from chemical analysis compared for both varieties of
raspberry have been showed in Table 1. According these results a higher total dry matter, soluble
solids, ash, sucrose, fructose and glucose in the wild raspberry in comparison to the cultivated
raspberry Willamette have been determined. The content of total acids in cultivated raspberry
Willamette (0.98 %) is higher than the wild raspberry (0.41 %), which is related to the obtained pH
values (2.16 or 2.4). The vitamin C content has been determined as 29.35 mg/100 g in cultivated
raspberry Willamette and 25.39 mg/100 g in wild raspberry. The values obtained are higher than in
the reference data for the presence of vitamin C in this kind of fruit (Niketi¢- Aleksi¢ et al., 1989).
The difference in the calculated values is expected, taking into account that the chemical
composition is specific for each variety and depends on climatic conditions, agro-technical
measures, the degree of maturity and etc. (Niketi¢-Aleksi¢, 1994). According to the values of the
studied parameters, the fruits of both varieties of raspberry correspond with the quality according to
Regulation for fruits, vegetables and mushrooms (Off. Gazette No. 2 9/79 and 53/87). The results
from analysis of the chemical properties of raspberry jams from both varieties by using different
sweeteners have been presented in Table 2.
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Table 1. Pomological and chemical composition of the different varieties of fresh raspberries tested

Analyzed parameters Cultl\\//\a;litlelgnr]aeifeberry Wild raspberry
Weight (g) 3.02 1.33
Height (cm) 1.84 1.21
Width (cm) 1.87 1.30
Total dry matter (%) 14.25 15.10
Soluble solids (°Brix) 8.60 10.00
Ash (%) 0.18 0.25
Total acidity (%) expressed as citric acid 0.98 0.41
pH 2.16 2.40
Vitamin C (mg/100 g) 29.35 25.39
Sucrose (%) 3.04 4.20
Fructose (%) 2.20 3.54
Glucose (%) 1.20 4.42
Proteins (%) 1.58 1.50

On the basis of these results it can be concluded that the total dry matter is in range from 37.81% in
raspberry jam made from cultivated raspberry Willamette (4) to 49.96 % in jam made from wild
raspberry (1). This is related to the content of soluble dry matter (35.07 °Brix to 45.92 °Brix), and it
is in accordance with reference data (Pavlovié, 2006).

Table 2. The chemical properties of jam from both raspberry varieties with different sweeteners

Sample Willamette raspberry jam Wild raspberry jam
Sweetener Sucrose |Fructos [Sorbitol '2‘32:? Sucrose [Fructos (Sorbitol ':‘3;\;6
W |e@ | O |7y | @ |e@ | @ |7

Total dry matter (%) 4181 | 3893 | 4319 | 37.81 | 49.96 | 48.71 | 49.89 | 46.62
Soluble solids (°Brix) | 38.13 | 35.67 | 41.96 | 35.07 | 4592 | 45.83 | 45.03 | 43.20
Ash (%) 0.33 0.32 0.31 0.33 0.20 0.24 0.27 0.31
pH 3.20 3.10 3.00 3.10 3.10 3.20 3.00 3.00
Total acids (%) 0.80 0.81 0.78 0.80 0.79 0.81 0.79 0.79
Vitamin C (mg/100g) | 22.05 | 22.28 | 22.65| 22.83 | 21.04 | 20.92 | 20.08 | 20.67
Sucrose (%) 10.37 / / /] 11.16 / / /
Glucose (%) 15.33 2.50 / 459 | 17.84 2.99 / 3.89
Fructose (%) 14.16 | 34.00 270 | 32.60 | 16.75 | 40.00 3.74 | 35.21
Sorbitol (%) / /| 22.92 / / /| 27.19 /
Total invert (%) 33.6 | 28.65 427 | 29.20 | 37.30 | 32.55 3.70 | 34.05
Proteins (%) 1.30 2.10 150 | 1.250 2.70 | 2.308 2.23 1.25

The comparison of the results, referring to the chemical properties, indicates higher values in the
wild raspberry jam (1) compared to raspberry jam made of cultivated raspberry Willamette (1).
Generally, it can be noted that there are higher values of total dry matter, soluble solids, sugars and
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total invert in wild raspberry jams (1, 2, 3, 4) in comparison with the corresponding cultivated
raspberry Willamette (1, 2, 3, 4). This is probably due to the higher content of total dry matter,
soluble solids and sugars in fresh wild raspberry compared to the fresh cultivated Willamette.

The presence of sucrose in raspberry varieties of jams where the sweeteners used are fructose,
sorbitol and Agave syrup, is negligible and it is a consequence of the inversion performed during
thermal processing (Hui, 2006). The values of total acids in jams vary from 0.78 % to 0.81 % and
the pH values vary from 3 to 3.2, consistent with the reference data (Hui, 2006; Niketi¢- Aleksic,
1994). The reference data indicates a high instability of vitamin C, especially in the presence of
oxygen the fruit is thermally treated at a higher temperature, quickly oxidizing most of the vitamin
C found in the product (Jasi¢, 2007). The lower values determined for the content of vitamin C were
from 20.08 mg/100 g to 21.04 mg/100 g in wild raspberry jams and 22.05 mg/100 g to 22.83
mg/100 g in cultivated Willamette jams. These results were compared with the established values in
fresh fruit (29.35 mg/100 g in cultivated raspberry Willamette and 25.39 mg/100 g in wild
raspberry). According to Dauthy (1995) about 30 % of vitamin C found in the fresh fruit lost during
the production of jam, that remains stable in the finished product during storage.

Jams contain 0.2 % to 0.33 % ash and 1.25 % to 2.7 % protein. According to the values of the
studied parameters, jams meet the conditions prescribed in the Regulation for special security
requirements of fruit jams, jellies, marmalades and sweetened chestnut purée (Off. Gazette of RM
No. 3/2007).

The results from sensory analysis of the finished raspberry jam, from the two varieties with different
sweeteners, are shown in Table 3. It can be noted that the cultivated raspberry Willamette jam with
sorbitol has been gained the highest points (18.18) compared to the other jams obtained from the
same variety. Wild raspberries jam with sucrose was rated with the highest scores: 1.9 for smell,
6.68 for taste, 3.58 for colour and 5.65 for consistency, resulting with the highest total of points
(17.81) compared to the jams where other sweeteners have been used, derived from this variety of
raspberry.

Out of all analyzed jams with a total of 18.18 points, cultivated raspberry jam with sorbitol is rated
as the best. The worst quality is determined in the wild raspberry jam with Agave syrup (14.85) and
wild raspberries jam with fructose (14.99). It can be noted that the cultivated raspberry jams, with a
total number of points from 17.63 to 18.18, have better sensory properties compared to the wild
raspberry jams, with a total of points from 14.85 to 17.81. From the microbiological analysis in all
varieties of jams, it was estimated that the number of present microorganisms Staphylococcus
aureus, Salmonella spp, Enterobacteriaceae, aerobic mesophilic bacteria, yeast and must, were
within the acceptable limits according to the regulation on microbiological criteria for foodstuffs
(Off. Gazette No. 78/2008).
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Table 3. Sensory analysis of the jams manufactured from both varieties of raspberry with different
sweeteners

Characteristic Total

Sample - .
Smell | Taste | Colour | Consistency | points
Willamette raspberry jam sucrose (1) 1.65 7.18 3.83 5.03 17.69
Willamette raspberry jam fructose (2) 1.83 7.28 3.43 5.23 17.77
Willamette raspberry jam sorbitol (3) 1.85 7.30 3.93 5.10 18.18
Willamette raspberry jam Agave syrup (4) 1.88 7.40 3.25 5.10 17.63
Wild raspberry jam sucrose (1) 1.90 6.68 3.58 5.65 17.81
Wild raspberry jam fructose (2) 148 | 5.48 2.83 5.20 14.99
Wild raspberry jam sorbitol (3) 1.75 6.03 2.85 5.20 15.83
Wild raspberry jam Agave syrup (4) 1.60 5.70 2.55 5.00 14.85

Conclusions

Results of this research indicated that the raspberry can be successfully processed into jam and that
fructose, sorbitol and Agave syrup can be used as sweeteners, apart from sucrose.The cultivated
raspberry Willamette and the wild raspberry possessed pomological and chemical properties which
correspond to the prescribed regulations and are in accordance with the reference data. The
differences in the obtained values of individual ingredients are a consequence of the genetic traits of
the varieties, climate, soil and other conditions that affect the composition of the phase of growing
and maturing of the fruits.

Based on the results of chemical and microbiological analysis of the ready-made raspberry jams
from the two varieties with different sweeteners, we can conclude that they meet the requirements
for food safety and quality. In the sensory evaluation of the ready-made jam, the cultivated
Willamette raspberry jam with sorbitol is rated as the best (total 18.18 points), and the least points
were awarded to the wild raspberry jam with Agave syrup (14.85) and wild raspberry jam with
fructose (14.99). Overall, it can be concluded that cultivated Willamette raspberry jam have better
sensory properties compared to the wild raspberry jams, because the cultivated Willamette jam
scored higher total points (from 17.63 to 18.18) than the wild raspberry jam (from 14.85 to 17.81).
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KBAJIMTETHHU CBOJCTBA HA [IEMOBH OJ] MAJITUHA CO PA3JIMUHU
3ACJAYBAUH

Jby6ura Kapakamosa, Buktopuja CramaroBcka, @pocrna babanoBcka-MuneHKOBCKa

AncTpakr

HcTpaxyBamara ce HalpaBeHH CO ILEN Ja Ce YTBPAAT M CIOpeJaT KBAIUTETHHTE CBOjCTBA Ha
[IEMOBH, JOOHMEHH co mpepaboTKa Ha KyJATHBHpaHAa M IUBOpAcTEUYKaTa MajliHa, CO NMpHMEHa Ha
pa3iIuYHM 3achaxyBadd. 3a Ja ce YTBPAAT PA3IUKUATE BO KBAINTETHUTE CBOjCTBA HAa KYJITHBHUPAHA U
IUBOpAacTeYKaTa MalWHAa HaNpaBeHH C€ WCIHTYBalkba Ha CJICIHUTE IIapaMeTpHU: BKYIHH H
pacTBOPJIMBH CYBU MaTepuH, Mernes, BKYNMHH Kucenunu, PH, mekepu, Buramun C M NpPOTEHHH.
Koncratupanu ce moHucku BpeaHoctu on 14,25 % 3a BKYIHUTE CyBH MaTePHH U 32 PACTBOPIIUBUTE
cyBu Marepuu on 8,60°Brix, kaj Kyi1TuBupanata manuHata Bunamer (Willamette) Bo cnopenba co
nuBata ManuHa kane ce poouenu 15,10% 3a Bkymuu u 10°Brix 3a pacTBOPIHBH CYBU MaTepHUH. 3a
MOJIrOTOBKA Ha IIeM Ha TpaJWIIMOHAJICH HAauWH Oea KOPUCTEHH Pa3JIMuHM 3acialyBayl: caxaposa,
¢bpykTo3a, copbuTon u cupym ox araBa. Kaj roroBute mpousBonu (ieM) Oea YTBpACHU CICIHUTE
3HAYajHH XEMHUCKHU ITapaMeTpH: BKYITHH W PACTBOPJIMBU CYBH MATEPHH, IETel, BKYIHH KHCEINHH,
pH, 3acmamyBaun, Butamud C W mporemHH. Hajromema BpemHOCT Ha BKYIHHTE CYBH MAaTEpUU €
3a0esexaHa BO [IEMOT OJ] IMBa MaJlHA Kajie € KopucTteHa caxapo3sa (49,96%), miro ce oapasysa u
CO HAjBHCOKA BPEJHOCT 3a pacTBOpiuBHU cyBu Matepuu (45,92°Brix) u Bkynuuot unsept (37,30%).
BpenHoctuTe Ha BKYMHHUTE KHCenuHU BO liemoBute Bapupa onx 0,78% mo 0,81%. Ha roroBute
[JeMOBH Oellle HalpaBeHa CEH30pCKa aHalin3a CO Koja € YTBPJEHO JieKa MUPHUCOT, BKYCOT, Oojara u
TekcTypara ce npudatiuBu. MHUKpPOOHOJIOIIKUTE UCIUTYBamka MOKAKYBaaT JieKa IIEMOBUTE Ce
MHUKPOOHOJIOLIKH UCTIPABHU COTJIACHO CTaHAApIMTE.

Knyuynu 300poBuU: ManuHa, KBAJIMTETHU CBOjCTBA, [IEMOBH, 3aCJia/lyBadH.
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Abstract

The aim of this research is to determine differences in the quality and nutritional value of two types
of fermented table olives: green, elongated, variety Halkidiki, and black, naturally ripe olives,
variety Amfissa. Fermented olives in the salt solution are packaged in jars and pasteurized. The
quality is determined on examinations of pH, total acidity and salt. After determination of protein,
fat, carbohydrates and fiber content, their energy values were calculated. Also, particular
biologically active components like vitamin C, Bg, E and carotin were examined. According to the
obtained results, it may concluded that the olives correspond to descriptions of types of olives,
styles of processing, basic composition and quality that should be in accordance with standards.
With green olives, pH is below max.4, total acidity is under max.0, 4 % and salt is above min. 5 %,
while in black olives quality is prescribed only with salt, which is above the min. 7 %. With
comparison of nutritional composition, there is no evidence of significant differences in content of
nutritive components, so that energy value is about the same. Significantly higher content of vitamin
C in green olives (22 mg/100 g) was found, in terms of black olives (13 mg/100 g), which is due to
levels of maturity and applied technological procedure. Pasteurized olives also correspond to
requirements regarding the content of additives, which vary in both ways of production. Analysis of
contaminants and microbiological safety point out that the olives are in accordance to standards.
Key words: table olives, quality, nutrients, microbiology.

Introduction

Olive tree (Olea europaea L.) is one of the most important fruit trees in the Mediterranean Basin and
is widespread through the entire region (Malheiro et. al., 2012). Table olives are currently the most
popular agro-fermented product and are consumed and enjoyed throughout the entire world
(Malheiro et. al., 2012; Marsilio, et.al., 2005). About 44% of world production emanates from
Europe, the main producing countries being Spain, Greece, Italy and Portugal. The fruits have a soft
texture with very delicate skin and pulp, so particular care must be taken during harvesting and
processing. They are hand harvested from mid-September to mid-October when they have reached a
yellowish-green surface colour. However, this variety is also used for the preparation of Spanish-
style whole green olives (Marsilio, et.al., 2005).

Consumers perception of quality is improving and nowadays an increased seek for healthier
products can be observed worldwide (Malheiro et. al., 2012). Mainly composed by
monounsaturated fatty acids, table olives consumption can prevent and reduce the risk of
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cardiovascular diseases (Kastorini et al. 2010). In addition, other minor constituents like tocopherols
and phenolic compounds are responsible for antioxidant and antimicrobial properties (Sousa et al.
2006), protecting the organism from diseases in which free radicals and pathogenic microorganisms
are involved, preventing also the body from certain kinds of cancer (Owen et al. 2004) and
arthrosclerosis (Armstrong et al. 1997).

Phenolic compounds are of great importance for the olive fruit, being responsible for important
characteristics and properties, such as color, taste and texture (Marsilio et al., 2001). Several
phenolic compounds have been identified in table olives, including oleuropein and hydroxytyrosol,
tyrosol (Briante et al., 2002), rutin, quercetin, as well as caffeic, vanillic and r- and g-coumaric
acids, among others (Malheiro et. al., 2012). Olives phenolic composition, however, is highly
variable in both quality and quantity, in the dependence of several factors: processing method
(Romero et al., 2004), irrigation regimes (Patumi et al., 2002), cultivar, and maturation degree
(Ryan et al., 1999).

According to the Trade Standard Applying to Table Olives (COI/OT/NC no. 1, 2004) table olives
are defined as the product ‘‘prepared from the sound fruits of varieties of the cultivated olive tree
(Olea europaea L.) that are chosen for their production of olives whose volume, shape, fleshto-tone
ratio, fine flesh, taste, firmness and ease of detachment from the stone make them particularly
suitable for processing”’.

Different kinds of table olives should be classified according to the ripeness stage of the fruit, trade
preparation, styles and sizing. Table olives may or may not be size graded. Whole olives should be
size graded according to the number of fruit in one kilogram or hectogram. When the unit is a
kilogram, the size range is expressed in steps of 10 olives up to size 150/160, 20 from this up to size
200/220, and 30 up to size 370/400; above 400 per kilogram, the step are 50 olives. When the
weight unit is the hectogram (not shown here), the range is expressed in steps of 1 olive up to size
15/16; 2 olives from this up to size 20/22, and 3 olives up to size 37/40; above 40 olives per
hectogram, the steps are 5 olives (Luh, 2004). Table olives are classified, according to the Codex
Standard for table olives (1987). in one of the following olive types, trade treatments and styles.
There are three types of table olives: green olives obtained from fruits harvested during the ripening
period, prior to colouring and when they have reached normal size. The colour of the fruit may vary
from green to straw yellow; olives turning colour obtained from rose, wine-rose or brown-coloured
fruits harvested when turning colour, before the stage of complete ripeness is attained and black
olives, obtained from fruits harvested when fully ripe or slightly before full ripeness is reached.
They may, according to production region and time of harvesting, be reddish black, violet black,
deep violet, greenish black or deep chestnut not only on the skin but also through the flesh.

In term of trade treatments, green olives can be treated green olives in brine, treated in an alkaline
lye and then packed in brine in which they undergo complete natural lactic fermentation (Sevillan
style) or partial natural lactic fermentation. The preservation at a pH value within the limits
specified in this standard for table olives not undergoing complete natural fermentation may be
ensured by: sterilization or pasteurization, the addition of preservatives, refrigeration, treatment with
nitrogen or carbon dioxide in treatments without brine. Untreated green olives in brine, these are
placed directly in brine and preserved by natural fermentation. Olives turning colour can be treated
in brine, obtained after alkaline treatment and preserved by natural fermentation: in brine, by heat
treatment, in brine and by heat treatment and untreated olives turning colour, in brine, these are
placed directly in brine and preserved by natural fermentation and ready for consumption. Olives
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darkened by oxidation in brine are green olives or olives turning colour darkened by oxidation,
whose bitterness has been removed by treatment in alkaline lye, which are packed in brine and
preserved by heat sterilization. For black olives, more popular treatments is black olives in brine,
these are firm, smooth and with a glossy skin. Owing to their preparation, they may present slight
surface depressions. They can be: treated black olives obtained after alkaline treatment and
preserved by natural fermentation through one or a combination of the following: in brine, by
sterilization or pasteurization, by addition of a preservative and untreated black olives, these are
placed directly in brine. They have a fruity flavour which is more marked than that of the treated
black olives and they usually retain a slight bitter taste. They are preserved by natural fermentation
through one or a combination of the following: in brine, by sterilization or pasteurization, by
addition of a preservative. Olives may be offered in one of the following styles, according to type
and trade treatment. The most used are: whole olives, which have their natural shape and from
which the stone (pit) has not been removed. Without stem, whole olives from which the stem has
been removed and with stem, whole olives retaining the stem; stoned (pitted) olives, from which the
stone (pit) has been removed and which essentially retain their natural shape; stuffed olives: stoned
(pitted) olives, stuffed either with one or more suitable ingredients (pimiento, onion, almonds,
celery, anchovy, olive, orange or lemon peel, hazel-nut, capers, etc.) or pastes prepared therefrom
etc.

The variety Halkidiki usually is used for the preparation of whole green olives. This variety
"Halkidiki" is grown in Halkidiki, near Thessaloniki, Greece. Fruits are large, distinctively
elongated end of lower part, inner lining is slightly bent, and the meaty part has no a good structure.
This variety contains 120 - 140 fruits of olives per kilogram. Larger and more qualitative fruits of
olives are used for production of Spanish-style green olives in brine, while the rest is used for
extraction of oil.

The variety Amphissa, also known as Konservolia is one of most represented species in Greece and
contributes around 80% in the production of olives in Greece. The fruits vary in shape, from round
to oval form. They ripen in November, when the weight of the fruit can reach up to 10 gr. or 180-
200 fruits per kilogram. The ratio between meat and inner lining is 8:1 and quantity of oil is from 22
to 25% of the total weight of olive fruit. From this variety can be produced green and black olives
on top quality. Green olives are harvested from mid- September to mid- November and are suitable
for production of Spanish-style of green olives. The rest of the fruits get ripen on trees, until they
get from pink, purple to finally black color. This color is most suitable for the preparation of natural
black olives in brine. This olive variety is highly regarded around the world, for the good
characteristics of the fruit.

The processing method of fresh olives by treating the olives with dilute NaOH solution is due to
eliminate their natural bitterness, followed by several washings with water to completely remove
excess alkali. The olives are then placed in a solution of sodium chloride (brine), where spontaneous
lactic fermentation takes place. During fermentation, weak acidification rates are often registered,
because most of the sugars and nutrients are lost by the effect of the lye treatment and strong
washing system used, so the pH and final lactic acidity are very often unsuitable for safe storage of
the end-product (Marsilio, 2003). Another problem is the softening of the fruits due to cell rupture
and separation during industrial processing, resulting in a dramatic texture loss as a consequence of
the lye degradation and solubilization of pectic polymers from the cell wall and middle lamella
(Marsilio et. al., 1996; Mafra et. al. 2001).
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Sorted olives are packed carefully, often in glass jars in a definite pattern. Packed jars are then filled
automatically with water or brine, then emptied to rinse of any adhering sediment. The jars are then
filled with brine of 28 © salometer. Some packers may acidify the brine with 0,2 to 0,5 % lactic acid
if the olives are below the optimal acidity. Jars are then sealed in a capping machine. It is
advantageous to pasteurize olives in jars by use hot brine 60 °C and then to pasteurized at 79 ° to 82
°C. This will prevent sedimentation from bacterial growth (Luh, 2004). The cooling should be
performed after pasteurization in a certain time and then, jars of table olives are stored on
appropriate place and conditions.

Material and methods

The researches in this article were made in order to determine differences in the quality and
nutritional value of two types of table olives, green and black olives. As a raw material were used
fermented table olives (Greek style): green, elongated, variety Halkidiki, and black, naturally ripe
olives, variety Amfissa.

The production process was performed at plant for processing olives, Princip Komerc, in village
Davidovo. In the production plant are located: calibrator, line for the production of pasteurized
olives, production line for packaged olives in plastic packaging and new line for packaging olives
with modified atmosphere. The fermented olives are purchased in barrels. The technological
processing started by washing, selecting, calibration, then, preparing a brine, filling in jars with
olives and brine, closing of jars, pasteurized and cooling. The neto-weight of table olives in jars is
230 or 440 g.

The analysis for quality control, nutritional composition and microbiological safety were performed
at the laboratory for food quality control, at Institute for Public Health, Skopje. The quality control
was estimate according to existing legislation, by examinations of pH, with pH-meter, total acidity
by titrimetric method with 0,1 M solution of NaOH and salt by titrimetric method of Mohr.
Determination of nutrients were performed by application of physical and chemical methods, when
the following parameters were analyzed: total dry matter by applying gravimetric method of drying
in oven at T = 105 ° C to constant mass; proteins by Kjeldahl method; fats by using the Soxhlet
method; sugars with HPLC-RI - liquid chromatography method with refractive index detector,
dietry fiber by gravimetric method, the presence of vitamin C with iodometric method, and the
presence of vitamin E, Bg and caroten by using HPLC-DAD - liquid chromatography with Diode-
Array Detection. According to obtained results for nutrients, were calculated the energy values for
green and black table olives in jars.

Microbiological analysis were also made to estimate whether the table olives are microbiologically
safe and in compliance to Regulation for specific requirements for food safety in terms of
microbiological criteria (Official Gazette of R. Macedonia, No. 78/2008).

Results and discussion

Quality control of the green and black olives was made by comparison of obtained results to values
that are prescribed in the national and international regulations (Codex Standard for table olives 66-
1981. Rev.1-1987). During the processing of table olives controls were made on important
conditions as, good quality of ingredients, good hygienic practice of ambient for production,
equipment and personal, also on some parameters, as: pH and concentration of salt in brine, the
temperature during processing brine, filling and closing of jars, temperature and time of
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pasteurization and cooling. During processing of packed of table olives it is allowed, according to
Codex Standard for table olives (1987), to use certain quantity of some additives, expressed as
weight m/m of total weight of olives, including brine, like antioxidants (L-ascorbic acid — 0,2 g/kg);
acids (citric, lactic and tartaric acids, for each max. 1,5%) and preservatives, as benzoic acid and its
sodium and potassium salts (max. 1 g/kg, expressed as benzoic acid) or sorbic acid and its sodium
and potassium salts (max. 0.5 g/kg, expressed as sorbic acid). The content of additives in table
olives is also prescribed in national Regulation for additives what can be used for food processing
(Official Gazette of R. Macedonia, No. 31/2012). It is also important for the final products to be
properly labeled, respecting the requirements of the Regulation on food labeling (Official Gazette of
R. Macedonia, No. 118/2005). To provide high level of protection the health of people and
consumer interests in relation to food, it is necessary to apply the requirements according to Food
Safety Law (Official Gazette of R. Macedonia, No. 31/2012), where the provisions of this Law shall
be applied at all stages of production, processing and distribution of food.

In purpose to control the quality of table olives, packed in jars, analysis were made for following
parameters: total dry matter, pH, NaCl and total acidity, as lactic acid. From obtained results of
table olives analysis, green and black ones, shown that they do not contain any preservative.

Table 1. Comparison of quality parameters for black and green pasteurized table olives according to
values in regulations

Parameters of quality Green olives Green oI.ives Black olives Black ol.ives
tasted regulation tested regulation
Total dry matter 27,63% 30,04%
pH 4,27 max 4.0 / /
Total acids (as lactic acid) 0,51 % min 0.4 % / /
NaCl 6,24 % min 5.0 % 7,42 % min 6 %

Table 2. Comparison of content for nutrients and antioxidants in green and black table olive

Nutrients in olives Green olivs Black olives
Proteins 1,3g/100¢g 1,69/100¢g
Fats 1259/100¢g 13,09/100¢g
Carbohydrates 7,09/100¢g 9,0g/100¢g

- Sucrose 1,679/100¢g 1,219/100¢g

- Glucose 0,449g/100¢g 0,25g/100¢g

- Fructose 0,36 g/100¢g 0,29/100¢g

- Dietary Fiber 449/100¢g 509/100¢g
Vitamin C 22,0mg/100g 13,0mg/100¢g
Vitamin Bg 0,024 mg/100¢g 0,019mg/100¢g
Karoten 180,0 ug/ 100 g 167,0 ug/ 100 g
Vitamin E 3,0mg/100¢g 2,8mg/100¢g
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As a standard procedure after processing is a control of some sensorial properties and followed them
for a certain period of time. It was notice that table olives in jars had fulfilled requirements: the
brine was clean and transparent, free from abnormal odours or tastes and unauthorized foreign
matter; It is important for green olives to have dark green, with lighter or darker shade of color,
typical for green olives. Appearance of green olives: fruits of olives are quite soft, with stone, and
have typical shape and color, submerged in a liquid with appropriate density. They have salty taste
with pleasant proper aroma and pickled taste. Black olives are differ from the green one in color,
what is from purple to black, with lighter or darker shade, and in specific aroma and taste. The size
gradation of table olives is for green olives 121/140 and for black olives 161/180. In purpose to
estimate energy value of green and black table olives, analysis were made for content of macro
nutrients, as sugars (glucose, fructose and cellulose), fats and proteins, as well some bioactive
components as: vitamin C, Bg what are hydrosoluble vitamins, vitamin E as a liposoluble vitamin
and carotene what is natural pigment and also precursor of vitamin A.

Chemical composition and the share of each of the nutrients in olives are presented graphically in
Figure 1. The biggest quantity in chemical composition belongs to the water, while in the dry
matter, the largest share belongs to fats.Based on obtained results for macro nutrients, the energy
values were calculated for green table olives 129 kcal / 539 kJ and for black table olives 130 kcal /
543k].

Green olivs

m Water (%)

® Proteins (%)

m Fats (%)

m Carbohydrates (%)

M Sucrose (%)

B Glucose (%)
Fructose (%)

Dietary Fiber (%)

Black olives

W Water (%)

M Proteins (%)

o Fats (%)

m Carbohydrates (%)

m Sucrose (%)

m Glucose (%)
Fructose (%)

Dietary Fiber (%)

Figure 1. Chemical composition and the share of each of the macro nutrients in green and black

table olives
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Figure 2. Content of bioactive components, vitamin C, Be, E and carotene in green and black

table olives
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The microbiological testing was made to determine microbiological safety of black and green table
olives packed in jars. According to Regulation for specific requirements for food safety in terms of
microbiological criteria (Official Gazette R. Macedonia, No. 78/2008), were made analysis for
presence on following microorganisms: Bacteria from Salmonella species (absence in 25 g),
Staphylococcus coagulase positive (max. 100 cfu/g), Listeria monocytogenes (absence in 25 g),
Esherichia coli (max. 1000 cfu/g), Clostridium perfringens (max. 100000 cfu/g). The obtained
results shown that examined black and green table olives were microbiologically safe. Estimation of
safety was also made by analysis of some contaminant what is required according to our national
Regulation for general requirements for food safety (Official Gazette R. Macedonia, No. 118 /
2005). Estimation of safety was also made by analysis of some contaminant what is required
according to our national Regulation for general requirements for food safety (Official Gazette No.
118 /2005). There is no presence of Lead (Pb) (max. 1 mg / kg) and Tin (Sn) (max.250 mg / kg).

Conclusions

On differences in physicochemical properties of green table olives, variety Halkidiki, and black
olives, variety Amfissa, despite of variety, many factors affecting on: the time of harvest, degree of
maturity, treatment and condition due to fermentation process, processing after fermentation and
packing.

The quality of table olives is determined on examinations of pH, total acidity and salt. For green
olives, pH is below max.4, total acidity is under max.0, 4 % and salt is above min. 5 %, while in
black olives quality is prescribed only with salt, which is above the min. 7 % (Codex Standard for
table olives 66-1981. Rev.1-1987). Based on the examinations was established that the olives
correspond to description of type of olives, size, style of processing, basic composition and quality
what are in accordance with standards.

After determination: protein, fat, total carbohydrates and fiber, were calculated their energy values,
for green 129 kcal / 539 kJ and for black table olives 130 kcal / 543 xJ.

It was found that green olives, variety Halkidiki, had higher content of vitamin C (22 mg/100 g),
vitamin Bg (0,024 mg /100 g), carotene (180 pg/100 g) and vitamin E (3,0 mg/100 g), in terms of
black olives.

Pasteurized table olives also correspond to requirements regarding the content of additives, which
vary in both ways of production. Analysis of contaminants and microbiological safety, point out that
the olives are in accordance to standards.
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CIHHOPEJIBA HA KBAJIMTET U HYTPUTUBEH COCTAB KAJ 3EJIEHU 1 IPHU
TPIIE3HU MACJINHKHA

Kapakamopa Jbyouna, MunenkoBcku Jlacta, babanoscka-MusnenkoBcka @pocuna

AncTpakr

Lenta Ha OBa HCTpaXXyBamke € [1a C€ YTBPAAT Pa3IUKUTE BO KBAIUTETOT U HYTPUTUBHUOT COCTAB Kaj
IIBa BHUJA HA (epMEHTHPAHU TPIIC3HN MACIHWHKHU: 3€JICHHU, JOJITHABECTH, COPTA XAJIKUOUKU T LIPHH,
MIPUPOIHO 3PETN MACIUHKH, O copTaTta am@uca. OepMEHTHPAHUTE MACIWHKHA BO COJICH pacTBOP
ce TaKyBaHW BO TETJIM W MacTepu3upaHu. KBannTeToT e yTBpAeH co onpeaenyBame Ha pH, BKynHH
KHUCEJIMHU U HaTpuyM xjopun. Ilo ompesnenyBame Ha COMp)KHHATA HA MPOTCHHH, MACTH, jarJiCHH
XUApaTH M IIeNylio3a, MpecMeTaHa € HUBHATa €Heprercka BpenHocT. BoeaHo, ce UCIUTaHH U
OJIICITHN OMOJIONIKK aKTUBHH KOMITIOHEHTH, kKako BUTaMuH C, bg, E 1 kaporen. Criopen mobueHute
pe3ynTatu, MOKe Ja ce 3aKIy4yH JieKa MacIMHKUTE OJroBapaar Ha OMHCOT Ha BUAOT Ha MAaCJIHUHKH,
HAYMHOT Ha MPOU3BOJICTBO, OCHOBHHOT COCTaB M KBAJUTET KOM Tpeba Ja ce BO COMIACHOCT Ha
craagapante. Kaj 3eneanre macnuHky, pH Tpeba na e mox max. 4, BKYIHUTE KUCEIHHH J1a CE€ TIOJ
max. 0,4 % u comp>XWHATa Ha COJ Ja € Hax min. 5%, JoAeKa Kaj IPHUTE MACIHHKHA KBAJIUTETOT €
MIPONHIIIAH CaMO CO COIP KIHA Ha COJI Koja Tpeba na e Hax min. 7%, Co ciopenda Ha HyTPUTUBHHOT
COCTaB YTBPICHO € JeKa He IIOCTOjaT 3HAYHTEIHH PAa3IMKA BO COAPKWHATA HAa XPAHIHUBUTE
COCTOjKH, Taka IITO HUBHATA E€HEPreTCKa BPEIHOCT € MPHONMKHO WCTa. 3HAYHUTEIHO IOBHCOKA
coapxkuHa Ha ButamuH C e yTBpJeHa Bo 3eneHuTe MaciauHku (22 mg/100 g), Bo ogHOC Ha LPHUTE
macauHKkH (13 mg/100 g), mrTo ce TO/HKU Ha CTENEHOT Ha 3peJoCT M MPUMEHeTaTa TEXHOJIOrHja Ha
Mpou3BOJICTBO. [lacTepusmpanuTe MaciIMHKU BOEAHO OJroBapaaT Ha Oapamara BO OJHOCT Ha
COpKMHATA HAa aUTUBUTE, KOU Ce MPUMEHYBaaT BO JBaTa HauWHA Ha Mpou3BoAcTBO. Co aHanmm3a
Ha KOHTAMHUEHTHTE W WCIHUTYBake HAa MHUKPOOHOJIONIKATa WCIPABHOCT YTBPACHO € JeKa
MACIIMHKUTE C€ BO COTJIACHOCT CO CTaHIapAHTE.

Kiay4Hu 300poBH: TPIIC3HH MaCIUHKH, KBaJUTET, XPAHINBU COCTOjKH, MUKPOOHOJIOTH]a.
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Abstract

The Food texture Puff Device (FPD) is a new device that yields contactless, fast, easy and non-
destructive rheological measurements of food products. The instrument applies a controlled air
pulse to the surface of a food product, while a laser distance sensor measures the deformation. This
approach can be considered as an alternative method for more fundamental rheological properties
like storage and loss module, viscosity, elasticity, especially for industrial applications. In the
present work the FPD was evaluated on O/W emulsions. Eight commercial mayonnaise-type
products were analyzed with the FPD, a Texture Analyser (spreadability rig) and the rheometer
(storage and loss module from a frequency sweep). It was tested at three different selected
temperatures with all instruments. The correlation between the results with the instruments was
determined. The FPD was able to determine the firmness with a low standard deviation and good
temperature sensitivity. In addition, it was shown that the maximum deformation created by the
FPD was strongly correlated to the firmness of the emulsions as determined with the texture
analyser, and to the storage module of the frequency sweep, determined with the rheometer.
Therefore it was concluded that the FPD is well suited and applicable for measuring the firmness of
o/w emulsions. It is a flexible instrument that is applicable in an industrial environment due to its
real time analyses of rheological characteristics and its ease of use.

Key words: Food texture Puff Device, o/w emulsion, rheology, firmness.

Introduction

Quality is a concept that connects multiple options such as: uniform foodstuffs colour or crispy,
fragrance that suits this product or raw materials from which it is made, etc. According to this, the
quality of food or a product is very difficult to maintain and describe (Claes 2011). Fortunately,
there are features that can be directly linked to the quality of the food, appropriate such
characteristic is rheology. Rheologycal properties nag a clear picture of the characteristics of a
substance. Rheologycal characteristics often largely based on complex measurement methods such
as Bostwick konsistometer, sometimes giving the lack of necessary information. For companies and
food production process which used testing different products would be useful to have a device, an
instrument that operates on a simple and accurate way to describe rheology to these products. There
rheometers are easy to operate and precise measurement, but have their own disadvantages. Some of
the shortcomings is the design and method of managing of instruments, and the high cost of these
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devices that cannot afford the smaller manufacturing companies for the food production. Another
disadvantage is that already tested food can’t be used again.

Foodtexture Puff Device (FPD) can be described as non destructive device that emits air at the
surface of the sample for testing. At the same time FPD sends a laser beam on the surface of the
sample with the laser lens and laser sensor measure distortion, wavy surface caused from air puffs.
This researching is part of big project, in mind has its performance test which can be applied in the
food industry. Test project is divided into three research groups of foodstuffs. In the first group of
food items and products with viscous properties as: foods with sugar, glucose syrup and fructose
paste. The second group of products with yield properties such as oils, fats and chocolate. In the last
group belong to products with high elastic properties as gluten flours and mixes with water. Past
publicized scientific publications show that FPD can be used as a successful instrument in
determining rheology in some of the above foods. The ultimate goal of the project is to make a good
FPD practical guide that could be used in industry (Sofie Morren 2012).

This study take small part of the project and is focused on research and testing the applicability of
the FPD to determine rheologycal properties of o/w emulsions. Specifically, this type of emulsion
which is researched mayonnaise.

This instrument is used as an alternative method for rheological properties, while Rheometer
Physica MCR 301 and Texture Analyser TA.XT.plus Stable Micro Systems have been used as
reference instruments and methods for comparing the results obtained from the FPD.

Material and methods

Eight commercial mayonnaise-type products were analyzed with the FPD, a Texture Analyser
(spreadability rig) and the rheometer (storage and loss module from a frequency sweep). It was
tested at three different selected temperatures with all instruments.

Foodtexture Puff Device (FPD)

FPD as an instrument for measuring the strength of the food products, without their destruction was
first used by (Stanley E. Prussia 1994). These ways of measuring patented by them and are based on
the use of injected air and light lens. Several characteristics are essential for productions of this
invention: Measurements without contact, the sample is not destroying and is adjustable objects
which have variable surface features. FPD actually injected controlled air puffs on the sample
testing surface creating deformations that are observed by a laser sensor that measures the distance
to the surface.

Vividly work FPD is shown below, and was first used for measuring the coagulation of milk by (F.
R. Bamelis 2006).

Firmness is resistance, and is a key factor in determining the quality of food products. Customers
choose the strength as a factor when choosing to buy. Information and data resulting from the
changes of surface tested sample deformation was sent to personal computer where they are
processed and presented in tables and graphics through special adapted software - Labview 5.3
National Instruments (F. R. Bamelis 2006).
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Picture 1. Food texture Puff Device (FPD) Puff Device (F. R. Bamelis 2006)
Rheometer Physica MCR 301

This instrument, Rheometer Physica MCR 301, was used as a reference method to compare the
results of the examination. Rate of shear test method was commonly found in the reference data.
Spindle is tool who descends down to the head of Rheometer Physica MCR 301 on which was
applied the testing sample. Plate on plate system was used, with a diameter of 25mm. Was used
calibration option, zero GAP, 0 mm connecting surface between spindle and head of the instrument.

Picture 2. Reometer (Anton Paar Physica MCR  Picture 3. TA.XT2+ with Spreadability Rig
301) with spindle PP25

Was used two types of test: oscillatory and rotation test. From oscillatory test was measured storage
and loss module from a frequency sweep and the rotation test was used for CSR (constant Rhear
Rate) & SRR (Shear Rate Ramp) tests. With these two tests can be determined (v, 1, 9, ) (Germany
2006).

Texture Analyser TA.XT.plus

The (TA.XT.plus) Texture Analyser (Stable Micro Systems Ltd, Godalming, Surrey, UK), with the
“TTC Spreadability Rig” (HDP/SR) attachment, was used as the reference analysis for the
evaluation of the spreadability of the emulsions. This setup has previously been used to assess the
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spreadability of table fats by (Glibowski 2008). The testing of the prepared samples repeat 5 times
for each sample. For each test, cone tests are set special place in already centered base of 25mm.
The male cone section ranges from the top down in a distance of 23mm with speed of 3mm /s, with
penetration in tested mayonnaise, which is filled the female cone. The force required for penetration
of the male part into the female part, pushing the mayonnaise on the outside, are registered on the
computer monitor.

Data analysis

For all three instruments, the FPD, Rheometer Physica MCR 301 and the TA.XT2+, data treatment
was performed in Office Excel 2007. All statistical tests were performed with SPSS. ANOVA tests
were performed to differentiate between batches and curve estimation was used to correlate results
from the FPD and the texture meter. Tests were decided on the 0.05 significance level, unless
specified differently.

Results and discussion

The Food Texture Puff Device was tested for the applicability of o/w emulsion, mayonnaise. This
research was part of a larger project, aiming to draw up a best practice guide for businesses on the
FPD. In this study, the rheometer and texture analyzer as reference method.

Figure 2 relates the storage modulus from the rheometer with the force of the spreadability rig. It
shows how the two “reference measurements” are related with each other. Figure 3 displays a
significant correlation between result from the FPD and the Rheometer. On one curve is showed
relates all samples at all temperatures. The correlation is described by a exponential function.
Figure 4 displays a significant correlation between result from the FPD and the texture analyzer. On
one curve is showed relates all samples at all temperatures.

1200 - y = 1608.x- 409.8
R?=0.817 *

1000 -

800 -

600 -+

400 +

Storage modulus 1Hz

200

O 1
0.000 1.000

Firmness.-Force [KG]

Figure 2. Linear correlation of the Storage modulus 1Hz to the Firmness
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Figure 4. Exponential correlation of the maximum deformation to the Firmness

The combination of these three figures is important to illustrate the order magnitude of the standard
deviations on the FPD measurements and that the FPD is capable to distinghuish different
mayonaise samples.

The FPD is capable to study the influence of temperature, because for all mayonaise samples, the
deformation at 7°C is lower than at 19°C (which is expected, because mayonaise is less firm at
higher temperature). The deformations at 25°C are not always higher than at 19°C, but the
difference in temperature is also rather small (only 6°C).
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Figure 5. Maximum deformation (puff 1) for eight different batches of mayonnaises as measured

with the FPD. The test displayed here were conducted at 7°, 19°, 25°C

Conclusions

In particular, the temperature effect on the viscosity was considered to be important rheological
property of the oil or fat. The rheometer studied the temperature effect on the viscosity. The results
showed, as in the literature, a viscosity decrease with increasing temperature. The first challenge of
the study, the oils and fats perceptible for the FPD. The FPD is a good method and gave a wider

range of the results than the rheometer.

The comparison of the FPD with a texture analyser revealed that the maximum deformation created
by the FPD is strongly correlated to the firmness of the emulsions. The Foodtexture Puff device was
capable of the same discriminating force as the texture analyser, when using the results solely by

using the results of Puff’s.
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The use of the FPD by means of a guide best practice, delivers to a company has a simple method to
gain insight into the rheology of O/W emulsions, especially mayonnaise. It is capable of accurate,
in-depth measurements in a laboratory environment and has the flexibility and ease-of-use, required
for measurements in a factory environment.
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IMPUMEHJ/IMBOCTA HA AITAPATOT 3A HCITUTYBAIBE HA TEKCTYPA CO
AYBAIGE (FPD) BO OITPEJAEJNYBABETO HA PEOJIOIIKA KAPAKTEPUCTUKHA HA
O/W EMVYJI3UN

Kapacrojanos Credan, Moppen Codue, Kiaec Joxan

AncTpakr

Amaparor 3a HCIHUTyBame Ha TekcTypara co ayBame (FPD) mpercraByBa HOB ypem Koj naBa
Oe3KOHTAKTHH, Op3H, JIECHH U HEJECTPYKTHBHU PEOJIOIIKH MEperha Ha NMpeXpaHOCHUTE IPOU3BOIH.
VHCTPYMEHTOT KOPHCTH KOHTPOJNHWpAH BO3AYIICH ITyJC Ha MOBPIIMHATA Ha IPEXPaHOCHUOT
MPOU3BOJI, OJICKa JJACEPCKHOT CEH30p O JajcuuHa ja Mepu aedopmarjara. OBoj mprcTan MOKe
Jla ce CMeTa 3a ajTepHATHBEH METOA Ha MOBeKe (yHIAMEHTATHH DPEOJIONIKH CBOjCTBA, KakKo:
,,storage module” (G’- BpeqHOCT, KOJUYECTBO HA CHEprujaTa MOTPeOHA 3a Ja Ce M3BPIIU HEKOja
nedopmarnmja), “loss module” (G’’- BpemHOCT, PETCTaByBa CHEPruja Ha ry0eme 07 IPUMEPOKOT
KOj Ce TecTupa), BHCKO3UTET W EINACTHYHOCT, OCOOCHO 3a WHIYCTpHCKa mpuMeHa. Bo
NPE3CHTUPAHUOT TPYX, 3a oleHka Ha FPD ce xopucTeHH emym3uu on Macio Bo Boma. Ocym
KOMEpIIMjallHU TIPOM3BOIY Ol THIIOT Ha MajoHe3 ce aHanusupanu co FPD, aHanm3aTtop Ha TekcTypa
(TecT 3a Mepeme Ha pa3MmaukyBameTo) W peomerap (G’m G’’0I UCHHTYBamEeTO CO MPOMCHIIMBA
Obpexdpenunja. TecTHpameTo € HAMPABEHO HA TP PA3IMYHK TEMIIEPATYPU CO CUTE HWHCTPYMEHTH.
OmnpenerneHa e Kopenamujara momery pesynrarute co maHcTpymMenture. FPD e Bo MoxHOCT na ja
ompe/ieNld [BPCTHHATA CO HUCKa CTaHIAap[HA JAeBHjaldja W a00pa TeMIepaTypHa OCETIHBOCT.
IMokpaj Toa, ce MoKaxka JeKa MakcuMalHa aedopmaiija co3aaaeHa oa ctpana Ha FPD e Bo cuiHa
KOpeJaluja co BPCTHHATA HA eMYJI3HHITE KaKO IITO € OMPeeIeHO CO aHAIU3aTOPOT Ha TEKCTYpa, U
co “G’- BpemHOCT”, KOJMYECTBO Ha eHeprujara noTpeOHa 3a Ja ce M3BpIIM Hekoja aedopmanyja,
YIBPACHU CO peoMeTapoT.3aToa € 3akiydeHo Jeka FPD e moOpo mpumarofeH M NpUMEHIHMBH 3a
Mepeme Ha BPCTUHATA Ha eMYJI3HH OJ BUJIOT Ha MAaciio BO Boja. Toa e (ieKcnOuiieH HHCTPYMEHT,
KO € NPHMEHJIMB BO MHIYCTPUCKA CpPEIMHA, MOPAad HErOBOTO PEajHO BpeMe Ha aHajiu3a Ha
PCOJIOIIKUTE CBOjCTBA, KAKO M IIOpaJH HEroBaTa eJHOCTaBHA yIOTpeoa.

Kayuynn 360poBm: AmapartoT 3a HCIUTYBambe Ha TekcTypara co nyBame (FPD), emynsyja,
peosoruja, UBPCTHHA.
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Abstract

Freezing fish is essential, a widespread manner that provides the greatest conservation extending its
sustainability without significant reduction in nutritional value and taste deterioration. Fish can be
frozen in a number of ways: in the "stream” of cold air at a temperature of —38°C to —42°C or
"block" freezer temperature records —42°C. There is a possibility of freezing the fish in a solution of
salt, glycerol and propylene glycol and agents with low boiling temperatures. Regardless of which
procedure is used, it is essential that it provides a rapid decrease of fish temperature, especially in
the zone of crystallization, and "down" to -18°C or lower. During freezing and storage, biological,
physical and chemical changes in fish occur. The main task when freezing fish is to reduce to a
minimum the complex changes in the tissues of fish by providing optimum conditions of freezing.
Frozen fish stored at a temperature no higher than —18°C. Storage temperature changes greater than
+0,5°C should be avoided, and in trade for a short time, greater than +2°C.

Key words: fish, freezing, storage.

Introduction

With the growing earth population and improvement of the standard of living, particularly in the
developing countries, there is a significant growth in the requirement for meat, especially for the
meat from fish. The consumers have become more aware of the benefits from fish consumption and
the possession of high quality fish. Our market offers live, fresh and frozen fish, as well as
processed fish, mainly fish in cans, and rarely other products.

The most common and the most practical way of preserving fish meat is freezing. Freezing is an
ancient technology for preserving foods (Archer, 2004), and it has been used for thousands of years
because of high product quality (Persson and Londahl, 1993). It has its historical origins in China,
where ice cellars were used to preserve the foods as early as 1000 BC. Later, the Greeks and
Romans stored food in cellars in which snow had been compressed. Foods intended to be consumed
while frozen date back to the 1500s when flavored ices were made in France by master ice makers
(Lund, 2000). The ancient Eskimos and Indians, in certain cold areas, used to preserve the food by
freezing it, in a way that the fish caught during the winter months was frozen and held frozen in the
cold ambient air. (Ronsivalli and Baker 11, 1981). Fish were purposely frozen in the United Sates in
the mid-1800s using salt and ice to reduce the temperature of a pan on which the fish were placed
(Enochian, 1968). The freezing of fish subsequently became an important industry and was boosted
further by the advent of mechanical means of freezing.
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Freezing of Fish

Freezing is one of the best and the most widely used preservation method for fish. Around 30% of
all the fish and fish products, globally, are frozen before being sold on the market. Nevertheless, the
eating quality of fresh fish is considered superior to that of frozen fish. It is, however, possible to
produce frozen fish of high eating quality by freezing the fish quickly and subsequently storing it at
low and stable temperatures. In this way, the physical and chemical processes causing the quality of
the fish to deteriorate may be reduced (Nielsen and Jessen, 2007). The freezing process consists of
freezing, frozen storage and thawing, each of which must be properly conducted to obtain optimum
results when preserving foods (Fennema at al., 1973, quoted by Delego and Sun, 2001).

Freezing is a process by which, with taking the heat away, the temperature in the center of the body
of the fish is being lowered from the initial temperature to -18°C or -20°C and lower, and most of the
water contained in the fish tissue is being turned to ice. As a result of the freezing, unfavorable
conditions are created for the action of the enzymes and development of the microorganisms, which
in turn provides long-term storage of the fish. However, during the freezing and the storage of the
fish, the properties of the tissue change, which leads to deterioration of the quality of the frozen fish
in contrast to the fresh fish. During the freezing, biological and chemical changes are occurring in
the fish. The biological changes involve discontinuing the microorganisms’ ability to live, and part
of them die in the process. The death of the microorganisms has been noticed to be at its
maximum at temperatures between 0 and -5°C. (beikos, 1980; Buruenxo et al., 1981).

The basic physical process in the freezing of the fish is the converting of the water into ice.
Different species of fish freeze at temperatures between -0.6°C and -2°C. The main part of the
water in the fish (up to 75%) turns into ice on temperatures from -1°C to -5°C. While the temperature
is decreasing, the formation of ice crystals is gradually decreasing, too. It is considered that virtually
all the water becomes frozen at temperatures between -55°C and -65°C (Brikos, 1980; Burtuenko at
al., 1981). Around 76% of the unbound water freezes on -5°C, around 89% at -20°C and around
90% freezes at -30°C. The bound water in the tissue turns into ice on temperature of -65°C ([{aues,
1999).

Fish muscle contains large amounts of water, often about 80%. When fish are frozen, the
temperature in the center of the fish quickly falls to just below 0°C. At - 1°C, ice crystals start to
form in the water, that is, the water changes from liquid to solid form. The degree to which this
process affects the quality of the thawed fish depends on where in the fish muscle the ice crystals
develop and on their size. Where crystals are formed and their size depend on whether the fish is
frozen before (pre), during (in), or after (post) rigor mortis (stiffening after death), as well as on how
speedy the freezing process is. In prerigor fish, the water is only inside the muscle cells, and when
the fish is frozen, the ice crystals will therefore form inside the cells. The ice crystals will mainly be
small. Large ice crystals will form only if the freezing process is slow (e.g., in still air above -
18°C). In in-rigor and prerigor fish, a small amount of water, however, will be outside the cells and
thus the speed of freezing becomes significant for the formation of ice crystals. If freezing is quick,
small ice crystals will form both inside and outside the cells. However, if freezing is slow, ice
crystals will first form outside the cells, resulting in an increase in the salt concentration. The higher
concentration of salt outside the cells will extract more water from the cells and when this happens
during freezing the ice crystals, which have already formed inside the cells, will grow in size rather
than allowing for the formation of new ice crystals. In in-rigor and postrigor fish, the speed at which
the fish are frozen can therefore determine how large the ice crystals are and where in the muscle
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they form. This will range from many small ice crystals both inside and outside the cells, to only
very few large ice crystals outside the cells (Nielsen and Jessen, 2007).

If the fish is frozen before rigor mortis, right after it was caught, fine crystals are starting to form
in the cells, the deformation of the fish tissue is smaller, and the process is reversible to a
significant degree. Through slow freezing, large crystals of ice form, the cells are injured, the
histological structure of the tissue is damaged and the process is irreversible (Beikos, 1980;
Buruenko at al., 1981). Through slow freezing, crystals of ice that reach 5 mm form in the
muscles, and with rapid freezing the crystals are significantly smaller and reach dimensions from
0.005 mm to 0.1 mm (Janes, 1999). Fish contains about 60-80% by weight water depending on
the species. The process of freezing converts most of water into ice (Johnston et al., 1994).
Freezing occurs over a broad range of temperatures below —3°C. However, freezing is a stepwise
process, and it is not until the temperature is lowered to —18°C that enough water is immobilized to
effect a reasonable stabilization of product quality for to about 1 year. At higher temperatures,
chemical reactions involving enzymes and oxygen will eventually degrade the product quality. At
lower temperatures the product quality will remain high for many months and even years (Rinsivalli
and Baker 11, 1981).

The chemical processes on low temperatures are slow, but they don’t stop, even in the frozen fish.
In the process of freezing, glycogen and some phosphorus compounds decompose, and thus lactic
and phosphorus acids are formed. These processes are intensively happening in a temperature
interval of -2.5°C and 3.7°C. During freezing, the concentration of the dissolved matter in the water
in the cells that is still not frozen, is increasing, which leads to an irreversible change in the proteins
— denaturation. Denaturation of proteins is intensively happening on temperature of -1°C to -5°C. In
order to ensure a maximally reversible process it is necessary to pass through this temperature zone
quickly (Buruenxo et al., 1981). The changes in the frozen meat refer to the changes occurring in
the proteins (denaturation of proteins) and the changes occurring in the lipids (oxidation of the
lipids) (Tokur et al., 2006; Ali, 2011; Simeonidou, 1997). The denatured proteins are less soluble
and have lesser ability for water retention. Around 25% of liquid can be “squeezed” out of the
meat of the frozen fish. The denaturation of proteins is a slow, irreversible process, and it
manifests itself after the defrosting through loss of the fluid (“drip”), change in the appearance,
texture, smell and taste (Balt¢ et al., 2009). The main task in freezing the fish is to draw the
complex of changes in the fish tissue to a minimum by providing optimal conditions of freezing
(Butuenko et al., 1981). The severity of the changes depends on the way of freezing (fast or
slaw), the temperature, the time of storage, the way of defrosting, species of fish, the condition of
the fish before freezing, etc. (Sosa, 1989; Ward et al., 2000; Sigurgisladottiri et al., 2000).
Methods of fish conservation by freezing

Fish can be frozen in the “stream” of cold air, in “block” freezers (between metal plates),
appliances for quick freezing with water solution of salt and agents with low boiling point.
Regardless which one of these procedures is used, the primary thing is that it provides fast
reduction of the temperature, especially in the zone of crystallization, and to lower it to
temperature of -18°C or lower. Freezing of fish with “stream” of cold air is used for whole (large)
fish, which are hanged with their head down, as well as for smaller fish which are packed in
cassettes (blocks) around 60 mm thick and 120 mm at most, for the smallest fish. During the
freezing the temperature of the air is between -38°C and -42°C, and the air circulation is 300-1000
m/min. The freezing lasts for 4-5 hours, during which time the temperature in the fish reaches
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between -18°C and -28°C depending on the freezing procedure and the thickness of the blocks. The
freezing of fish in “block™ freezers is a kind of freezing in which fish in the block is being frozen
between two mobile metal plates. The plates are actually evaporators though which a cooling fluid
continuously flows, and they can be in horizontal or vertical position. The temperature of the
contact plates is -42°C (from -35°C to -45°C) (Balt¢ et al., 2009; Tanes, 1999).

Fish can be frozen in an extremely cooled solution of salt (brine), in which the fish to be frozen is
immersed or sprayed with such a solution. When a direct freezing is applied, a solution of table
salt is used, and freezing without contact is needed the fish is packed in impermeable packaging
and a calcium chloride solution is used. Liquid CO,, liquid N, freon and other agents are used in
the process of freezing with agents with low boiling point. The agents are put in devices with
small dimensions and then the fish is placed. With the evaporation of the agents the temperature
is greatly lowered and the fish freezes. The disadvantage of this method is that the freezing
parameters are difficult to regulate (Taues, 1999).

Glazing and packing of frozen fish

The quality of the frozen fish is rapidly changing during the storage and distribution, unless it is
appropriately protected from the effects of dehydration, oxidation physical damages and
contamination with external agents. The surface of the fish can be protected with glazing, glazing
and packaging or packing in a material that has the properties to completely fit (be completely
attached to) the fish regardless of the shape of the block or of the fish. Materials with such
properties (retraction) are present and they also possess good protective properties
(impermeability of gas and liquid). The glazing is primarily used for fish in blocks and large
packages, and on the other hand the packaging without glazing is used for small packages
designed for the households. The glazing should be done immediately after freezing and the fish
should be transferred into a storage chamber. Before the transfer it can be packed in a plastic or
cardboard packages (Balt¢ et al., 2009). Glazing is a process of forming a thin layer of ice which
will encompass the whole surface of the frozen fish (the block). It protects the lipids in the fish
from oxidation and dehydration during the storage period. Drinking water on temperature of 1°C-
2°C (not higher than +5°C) is used for glazing. Fish can be submerged in the water or sprayed with
it. The glaze should cover the block of fish or the larger fish with an even layer and it should not
be able to detach itself when affected by miner mechanical impacts. The glaze should be 0.4-0.6
mm thick, and have mass of 2%-4% from the mass of the fish. For reaching the necessary
thickness of the glaze, double or triple dipping of the fish in water is required in duration of 2-3
sec. in intervals with pauses of 10-15 sec. between intervals. In order to speed up the process of
icing in the water and allow a solid glaze to be formed, it is expedient to apply a stream of cold
air to the fish. If more fatty fish are glazed, it is recommended that antioxidants are added to the
water (0.2% solution of citric or ascorbic acid, 0.2% solution of sodium glutamate and others
(Buruenko et al., 1981).

Storage of frozen fish

Frozen fish is kept in storage chambers for frozen fish at the same temperature it was frozen to. The
storage space is not used for the process of freezing, nor to further lower the temperature. If during
the transfer, or from some other reasons, the fish is partly defrosted, it is frozen again according to
the prescribed procedure, and then stored. The defrosted fish can be frozen again only if it is
intended for finishing or processing (Balt¢ et al., 2009).

Changes in frozen fish during storage
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During the storage microbiological, physical and chemical changes are occurring in the fish. At
temperatures of -12°C the development of the microorganisms virtually stops (with an exception of
some molds), which would mean that the microbiological changes in the frozen fish during the
storage are negligible. But, it should be noted that the microorganisms endure lower temperatures
better than higher temperatures. Therefore, during unfavorable storage conditions (contaminated air
with microorganisms, high humidity of the air, significant initial contamination of the fish) molds
start to appear on the fish. At temperature of -18°C, the microbiological spoiling of the fish is
excluded, but certain physical and chemical changes are still happening in it, which have important
influence on the quality indicators (beikos, 1980; Buruenko et al., 1981).

The physical changes include shrinking, change of color and of the histological structure of the
tissues. In the process of storage fish color can change as a consequence of the decomposition of
the materials that give the color to the fish, and the growth of some strains of microorganism in
those conditions. The color change and the change of the structure of the tissues are mutually
connected. If there is a temperature fluctuation in the area with the frozen fish the fine ice crystals
in the tissues of the fish turn into large crystals. As a result of the recrystallization the quality of
fish deteriorates and a “shrinkage” appears. The degree of shrinkage of the frozen fish depends
on the fish species, the temperature of the storage room, the humidity of the air in the chamber,
type of packaging and the presence of the glaze on the fish surface. The average “shrinkage”
during fish storage is 0.1-0.4% monthly. In the frozen and glazed fish there are not any losses
determined during the first month of storage. During further storage of the frozen fish, chemical
changes — oxidation of the lipids and denaturation of proteins, are also occurring (bsikos, 1980;
Buruenko et al., 1981).

Storage regiment and shelf life of frozen fish

The storage regiment should provide maximum slowing down of the physical and the chemical
changes in the fish and thus long term storage. The fatty fish should be stored at temperatures from -
25°C to -30°C, and lean fish at temperatures from -18°C to -20°C. The temperature regiment should
be constant, and the only allowed fluctuation is no more than +1°C. During stocking and emptying
of the storage chamber an increase in the air temperature of 3°C - 4°C is allowed. The relative
humidity in the storage chamber of the frozen fish should be 94-98%. The strict consistency of the
temperature and of the humidity is an essential condition for rational storage of the frozen fish
(Brikos, 1980; Burtuenko at al., 1981). A temperature of -25°C to -30°C for fatty fish and -20°C to
-30°C for other fish and a relative air humidity of 90% to 95% is set for storage of the frozen fish
before it arrives to the stores. Frozen or deep-frozen fish should not be stored more than six
months (Lambasa-Belak, 2006). The air circulation during storage should be moderate and not
higher than needed to maintain a constant temperature. In order to provide a more even
circulation of the air in all the parts of the storage room a free space of 5 to 10 cm between the
frozen fish and the walls i.e. ceiling or floor is necessary (Balti¢ et al., 2009).

Shelf life of food is defined as the maximum length of time a given product is fit for human
consumption. For fish, shelf life is the time from when it is taken from the water until it is no longer
fit to eat. Temperature and handling practices are the most important factors in determining the shelf
life of all species of fish (Doyle, 1995). Under ideal circumstances (low and stable storage
temperatures), some fish species may retain a fair eating quality for over a year. Shelf life can be
assessed either in terms of Practical Storage Life (PSL) or High Quality Life (HQL). PSL is defined
as the time the product can be in cold storage before it loses its characteristic properties or becomes

877



SECTION 8: FOOD QUALITY AND SAFETY

unsuitable for consumption. PSL is often determined between trade partners, and no legislative rules
apply to this area. HQL is a target for how long the product can be in cold storage before taste
panels are able to discern a clear difference from the original quality of the fish. HQL is normally
two to three times shorter than PSL. PSL, moreover, is what is eventually declared on the product.
The shelf life (PSL and HQL) of lean fish (e.g. cod fish), large fat fish (e.g. salmon) and small
fatty fish (e.g. herring) is: at —18°C for PSL — 7, 7, 5 months respectively, and for HQL — 3, 3, 2
months respectively. At —30°C for PSL it is 12, 18, 10 months, and for HQL it is 6, 6, 5 months
respectively (Nielsen and Jessen, 2007). Fatty fish, especially large fish like salmon, are more
suitable for freezing than cod and at low temperatures may be suitable for consumption for up to 1.5
years (Serensen et al., 1996). In Table 1 the shelf life for storage of some of the frozen fish and fish
products is shown, according to different authors.

Fish Defrosting

Defrosting (thawing) is physically a reverse process of freezing (bsikos, 1980; Haugland, 2002;
Archer et al., 2008). Before it is used the frozen fish should be defrosted. The temperature of the
frozen fish should reach -1°C or 0°C during defrosting. The quality of the defrosted fish is in
correlation with all the previous processing: the quality of fish before freezing, the conditions and
the time of storage of the frozen fish and the conditions involved in the defrosting. With defrosting
it is impossible to renew the characteristics that the fish had in the process of treating until
defrosting. However, it is necessary that the defrosting is conducted in a way that there are no
further changes of the characteristics of the fish’s meat.

It is acknowledged that the maximum amount of changes in the protein characteristics of the meat
of the fish happen in the temperature zone of -1°C to 5°C during freezing and especially during
defrosting. The faster this zone is passed through, both during freezing and defrosting, the less the
properties of the meat of the fish change. This explains the necessity of rapid defrosting of fish
(beixos, 1980). Still, it should not be too fast, because that also has negative influence on the
product (Archer et al., 2008).

The initial increase of the temperature during defrosting is due to the presence of one layer of ice
— ice glazing around the fish. The glazing has a higher heat transfer coefficient than the water and
it melts rapidly in the early stages. As the glazing melts, the rate of defrosting slows down and a
long process of defrosting follows, until the temperature of the fish reaches the ice melting point
(-1°C). That is the period when any injury of the cells results in release of mobile ingredients and
formation of drop by drop “drip” losses. There are not precisely determined rates of defrosting,
since they depend on a lot of factors. The rate of defrosting gradually slows down with time,
because the heat must travel from the surface through one layer of defrosted meat, which during
time becomes thick. It is extremely important that the surface of the fish is not too warm during
defrosting, since it can accelerate the spoilage. The control of the temperature during defrosting is
critical, but there is not a definitely recommended temperature (Archer et al., 2008).

There are a lot of commercial methods for defrosting fish. The cold water remains the quickest
and the best tool for fish defrosting. For thinner packages as individual fillets, the defrosting
shouldn’t last longer than 5 to 10 minutes. Another acceptable method of quick defrosting is the
use of microwave oven. Slow defrosting in the refrigerator (overnight) is an acceptable practice,
but an excessive loss of liquid which is drained from the meat, can occur when this process is
used. Defrosting of fish at a room temperature or in hot water is not recommended (Stuiber,
2011).
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Table 1. Frozen storage temperature and storage life for fish and fish products according to

different authors

Temperature Storage life
Product €C) (months) Authors
Cod -30 848
Herring 30 612 Berkel et al., 2004
from —28 to
Fat fish -18 8
Lean fish -20 12 Scharnow, 1986
Fish fillets from —28 to 6-9
-23
Fat fish glazed -18, -24, -30 5, 9,>12 Bykowski and Dutkiewicz,
Lean fish fillets -18, -24, -30 9,12, 24 1996
Fatty flsgéjaa;d;:i:;,]salmon, _18, -25, 30 4,8, 12
Lean fish, cod, haddock j: :;: :28 g ig gj Johnston et al., 1994
Flat fish, flounder, plaice, sole ' ' e
Anadromus sturgeon glazed -18, -25, -30 7, 9, 12
Freshwater sturgeon glazed -18, -25, -30 6, 8, 10
Atlantic herring glazed -18, -30 3, 5 Beixos, 1980
Cod -18,-30 6, 9
Cod, frozen on boat -18, =30 6, 9
Atlantic herring glazed -18, -30 6, 8 Buruenko et al., 1981
Cod fillet -18, -30 3, 8
Headed and gutted fish
Chinook salmon -18,-29 8,14
Chum salmon -18,-29 4, 8
Coho salmon -18, -29 6, 10
Pink salmon -18, -29 3,6
Sockeye salmon -18, -29 7,12 Kolbe and
Pacific cod -18, -29 9, 18 Kramer, 1993
Alaska pollock -18, -29 8,14
Pacific halibut -18, —29 10, 20
Pacific ocean perch ~18, -29 8, 14
Herrng ~18, -29 2, 6
Salmon shark _18,-29 9,12
Trout -12,-18,-23, | 110, 260, 300 days
Cod fillet -12,-18, -23 90, 210, 300 days
Ocean perch -12, -18, -23 120, 220, 300 days Reid, 1998
Mackeral -12,-18,-23 | 50, 80, 110 days
Halibut -12,-18,-23 | 170, 260, 350 days

It is important to determine the quality of the defrosted fish in order to evaluate the risk of
consuming that fish. For assessment of the quality of the frozen fish, a large number of methods
in different varieties are being researched: NIR- spectroscopy (Beknas et al., 2002), fluorescent
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spectroscopy (Karoui et al., 2006), measurement of the dielectric properties in a microwave area
(Kent et al., 2004; Kent et al., 2005). The obtained results are pointing towards a possibility of
application of the dielectric properties in controlling the quality of the defrosted fish muscles.

Conclusions

Fish is an extremely perishable food item, susceptible to microbiological and biochemical
processes, which deteriorate the quality, i.e. lead to change in the texture, color, taste and smell of
the fish meat. Different procedures are used in order to preserve the quality of fish and to prolong
the shelf life. Freezing is the most widely used method of fish preservation. The purpose of
freezing is to lower the temperature of the fish and in that way to slow down the changes in the
tissues to that degree that it virtually cannot be differentiated from the fresh fish when the product
is defrosted, after being kept in the freezer. Around 30% of all fish and fish products, on a global
level, are frozen before being sold on the market. However, the quality of the fresh fish for
consumption is considered to be superior over the quality of the frozen fish. Nevertheless, it is
possible to produce frozen fish with high nutritive quality if an appropriate care is provided in
every step of the freezing, storage and defrosting procedures. In order to have a frozen fish with
good quality the use of rapid freezing, immediately after fish is caught, followed by storage at
low and stable temperatures and rapid defrosting is recommended.
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CMP3HYBAIGE U CKJIAJIUPAIBE HA CMP3HATA PUBA
Karepuna bennuoscka, Jlanuena benndoBcka

Ancrpakrt

CMmp3HyBameTo Ha pubaTa € OCHOBEH, IIMPOKO PACIpOCTpaHEeT HAUYWH Ha KOH3EPBHpAmE, KOj
00e30emyBa HajroJeMo IpoIOJDKYBamhe Ha HEj3UHATA OPKIMBOCT 0€3 3HAYNTETHO HaMalyBamke Ha
XpaHJIMBaTa BPEIHOCT U BIOIIYBamke Ha BKycOT. PubaTa Moke ma ce cMp3HyBa Ha IOBeke HAYMHU:
BO ,,CTPyja“ Ha majeH BO3myX mpu Temmeparypa ox —38°C no —42°C wmm Bo ,,670K* 3aMp3HYBadH
npu Temneparypa Ha miounte ox —42°C. TIocToM MOJKHOCT 33 CMp3HYBambe Ha prudaTa BO pacTBOP
0J1 COJI, TIIMLIEPOJI U MPOIMJICHIIIMKOM ¥ BO areHCH CO HUCKM TEMIIepaTypH Ha Bpueme. bes ornen
KOja MOCTaIKa ce KOPHUCTH, OCHOBHO € Taa Ja 00e30eayBa Op30 HaMalyBame Ha TeMIlepaTypara Ha
pubata, 0cOOCHO BO 30HATa Ha KpHCTAIM3alldja, W Ja ja ,,CIOyIITH Ha —18°C wnu moHmCKa. Ipu
CMp3HYBabeTO M CKJIaJUpameTo, BO pubara HacTaHyBaaT OMOJIOIIKHM, (U3UYKH M XEMHUCKH
npomeHu. OCHOBHA 3ajla4ya MMPH CMP3HYBamkETO Ha pudara e jJa ce CBeJe 10 MUHUMYM KOMILIEKCOT
Ha MPOMEHM BO TKMBaTa Ha pubara 1o nar Ha o0e30eqyBame ONTUMAJIHU YCIOBU Ha CMP3HYBambe.
CwmpsHaraTa puba ce ckliaaupa MmpHu TemrepaTypa He TOBHCOKa O] -18°C. Tpeba na ce usdernyBaat
IPOMEHH Ha TeMIepaTypaTta Ha cKiagupare moroiemu og +0,5°C, a Bo mpoMeToT, 3a KpaTko BpeMe,
noronemu ox +2°C.

Kayuynu 300poBu: puba, cMp3HyBambe, CKIaIupame.
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Abstract

In order to determine the influence of serum proteins on the quality, chemical and biochemical
properties of yogurt, two different starter cultures were applied: YF-L 811 (V1) and YC-381 (V2),
as well as two inoculation temperatures: 35-37 °C (V1.1 and V2.1) and 41-43°C (V1.3 and V2.3),
with and without the addition of serum protein powder (V1.2, V1.4 and V2.2 and V2.4 ). Cow milk
from the same milk farm was used as a raw material, which was pasteurized at 85°C for 30 minutes.
The storage lasted for fifteen days at 4°C, and the content of milk fats, ashes, proteins and dry
material were analyzed on the first and 15" of the storage; and the lactose, the titration acidity and
pH on the first, 5", 10", and 15" day. On the basis of the gathered date from the analysis it was
determined that: Titration acidity significantly grows in all of the sub-variants, with the lowest
acidity had V1.2 (28.61°SH to 45.34°SH), while the highest values shows V2.3 (38.50°SH to 52.59
°SH). V2 sub-variants had higher titration acidity for the duration of storage of the yogurt compared
to V1, and the sub-variants with added whey powder had lower titration acidity. Active acidity has a
declining trend, being higher among V2- sub-variants, and sub-variants with the addition of serum
proteins appeared having a higher pH values. Lactose content significantly decreases from the first
to the 15th day in all varieties of yogurt. On the first day, lactose ranged from 2.57 % (V1.4, V2.3
and V2.4) to 2.85 % (V2.1), and the 15th day of 0.17 % (V1.3, V2.3 and V2.4) to 0.34 % (V1.2).
The addition of serum proteins did not influence the change in the content of lactose in yogurt. The
addition of serum proteins in yogurt, led to a higher content of fat, protein, ash and dry matter in
yogurt.

Key words: yogurt, temperature of fermentation, serum proteins, starter culture, storage.

Introduction

Fermented milk are products prepared from whole, partially or completely skimmed milk - not-
homogenized or homogenized, pasteurized or sterilized milk, under the influence of specific
bacteria (FIL-IDF, 1969, Kosikowski, 1984). Fermented milk products differ in taste, texture and
durability, compared to the original raw materials. The definition of fermented milks is applied
exclusively for liquid or semi-liquid dairy products, and does not apply to cheeses. Other than cow's
milk in the production of fermented milk, sheep, goat, buffalo and mare milk can also be used, but a
mixture of multiple types of milk can be used as well. Definition of fermented milk is accepted
worldwide. (FIL-IDF, 1969, Kosikowski, 1984). Fermented dairy products are yogurt, stirred
yogurt, fruit yogurt, kefir and fermented cheeses.
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The term yogurt as a foodstuff, mean semi- liquid dairy product which is obtained by adding lactic
acid bacteria such as (Lactobacillus delbrueckii subsp.bulgaricus and Streptococcus thermophilus),
forming lactic and other acids that preserve the product, increase its durability and give it new
characteristic organoleptic properties. During fermentation, a whole range of physicochemical
changes occur to milk components: milk protein (casein) coagulates under the influence of acid,
lactose under the influence of enzymes breaks down to glucose and galactose and to lactic acid; the
taste and the smell of the product change as well. On a temperature from 42 to 45 ° C for a period of
2-4 hours, comes to the fermentation of milk, then the yogurt cools down so that its fermentation
slows down, and the durability of the finished product extends. Yoghurt is rich in protein, calcium,
vitamin B2 (riboflavin) and vitamin B12, and people who are lactose intolerant can freely consume
yogurt because much of the lactose in the fermentation process turns into lactic acid.

Material and methods

The research for this paper was performed in the laboratories Faculty of Agricultural Sciences and
Food in Skopje. As a research subject, different varieties of yogurt produced in the laboratory were
used. As the basic raw material for research for this paper, the following was used: The sum of
cow's milk from the same dairy farm, and as auxiliary raw materials were used: Two types of starter
cultures as follows: YF L-811 and YC-381 and Serum proteins were the following chemical
composition: Protein - 12.11%, Fat - 1.0%, Carbohydrate 69 62%.

In the survey, two basic variants were stated, based on the starter cultures used, then the sub-
variants were made based on temperature of inoculation and addition of serum proteins. However,
in the survey, eight sub-alternatives were stated:

V1-inoculated with YF L-811:

Sub-variants:

V 1.1- inoculation at a temperature of 35-37 ° C.

V. 1.2 - Inoculation at a temperature of 35-37 ° C + serum proteins

V. 1.3 - Inoculation at a temperature of 41-43 ° C.

V. 1.4 - Inoculation at atemperature of 41-43 ° C + serum protein

V2-inoculated with YC-381:

Sub-variants:

V 2.1 - Inoculation at a temperature of 35-37 ° C.

V. 2.2 - Inoculation at a temperature of 35-37 ° C + serum protein

V. 2.3 - Inoculation at a temperature of 41-43 ° C.

V. 2.4 - Inoculation at atemperature of 41-43 ° C + serum proteins

Method of operation

The chemical analysis includes examination of the essential ingredients in yogurt, according to the
following methods: Determination of fat - Gerber method; Determination of protein - Kieldahl
method; Determination of lactose - hloramin method T IDF / ISO / AOAC; Determination of ash -
method according to the IDF / ISO / AOAC combustion at 550 ° C; Determination of dry matter
according to the method of drying 105 ° C.

For assessment of biochemical changes in the yogurt, the following tests were conducted:

Titratable acidity - according to the method Soxhlet-Henkel modified by Moress; Active acidity -
pH meter.
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Results and discussion

Impact on titration acidity of yogurt (°SH)

Titration acidity in yogurt is an important indicator of the quality of yogurt. The obtained results, in
terms of titration acidity in yogurt variants is given in Table 1.

In V1-sub-variants, titration acidity was ranging from 28,61 ° SH in V1.2 and to 33,25 ° SH in
V1.3, in the first day of keeping. In Sub-variants, with the addition of serum proteins lower titration
acidity (V1.2 and V1.4) was noticed.

In V2- Sub-variants, in the first day, the lowest titration acidity was noticed in V2.2 34,33 ° SH, and
highest in V2.3 38,50 ° SH and in this variant, the addition of serum proteins lead to lower titration
acidity. Comparatively, first day variants of V1 had lower titration acidity than the V2 variant.
Titration acidity in all variants, during the 15 days storage increases, but with different intensity.
Namely, V1.1 titration acidity that in the first day was 28 91, to the 5th day, consequently increased
to 23.6%, 10th dat to 14.9% and 15th day to 10.6% or for a period of 15 days, the acidity increased
by 56.9% compared to the first day.

In V1.2, in which serum protein was added, the initial titration acidity was slightly smaller than
V1.1 and amounted to 28,61 ° SH, and then there is an almost Same pace of increase and on the
15th day it was 45,34 © SH, or the growth in titration acidity is 55.5% higher compared to the first
day. The largest increase in titration acidity is between the 1st and 5th day, 23.6% in V1.1 and
24.1% in V1.2. All V1 sub-alternatives show greatest decrease in titration acidity in the first 5 days
of storage. On the other hand, V2-sub-variants statistics show significantly higher acidity compared
to V1-sub-variants. In V2.1 titration acidity on the first day amounted to 34,59 ° SH, on the 5th day
it increased by 12.0%, to 19.3% on the 10th day, and on the 15th day only 2.4% or a total of 38.7%
compared to the first day. Added serum proteins in V2.2 slightly influenced acidity so that on the
first day it was 34,33 ° SH, then to the 15th day it increased by 33.7% compared to the first day.
From the above it can be concluded that the sub-variants which have the addition of serum proteins
(V1.2, V1.4, V2.2 and V2.4) have lower titration acidity than sub-variants with no added serum
proteins, which is consistent to the tests by Chr-Hansen, (2006).

Table 1. Dynamics of the titration acidity of yogurt (°SH)

1" day 5" day 10" day 15" day

SH* | xSz |Cv TE5; | Cv TE5; | Cv T+5; | Cv

V11 | 2891+1,518| 12,867 | 35,75+0,543 | 3,725 | 41,0842,192 | 13,072| 45,35+2,629 | 14,202

V12| 28,61+£2,335| 19,989 | 3550+1,303 | 8,994 | 40,66+1,922 | 11,578 | 45,34+2,324 | 12,556

V13| 33225+0,313| 0,228 | 37,50+1,204 | 7,864 | 43,08+1,955| 11,116| 45,58+2,115| 11,364

V14 | 323440,163| 1,236 | 36,25+1,059 | 7,807 | 42,00+2,589 | 15,102| 45,41+2,188 | 11,805

V2.1 | 34,591,410 9,985 | 38,75+2,136 | 13,501 46,2542,136 | 11,312 47,75+2.211| 11,342

V22| 3433+1,030| 7,349 | 37,080,538 | 3,557 | 43,75+1,937 | 11,049| 45,92+2,077 | 11,082

V23| 38,50+1,034| 6,581 | 41,41+0,943 5,58 51,58+3,611 | 17,148| 52,59+3,476 | 16,193

V24 | 3475+0,515| 3,634 | 40,75+0,658 | 3,955 | 4891+2,233 | 11,185| 51,75+3,026 | 14,326
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Figure 1. Dynamics of the titration acidity of yogurt

Impact on active acidity of yogurt (pH)

The change of the active acidity (pH) of yogurt, comes as a result of the milk-fermentation process
in yogurt. The speed of reduction of the active acidity (pH), depends on the speed of development of
the milk-fermentation process in yogurt. The high pH value is a reliable indicator that the yogurt
contains more lactose.

In the first day, the lowest pH from V1-sub-variants was established in V1.3-4.54, and by the
fifteenth day it amounted to 4.25, i.e. the active acidity was reduced by 0.29 pH units. The highest
pH was observed in V1.2 and 4.66 which on the fifteenth day amounted to 4.33, i.e. was reduced a
total of 0.33 pH units. Therefore, higher active acidity was stated in sub-variants with the addition
of serum proteins.

In V2 variants, the lowest active acidity, the first day was observed in V2.3 and it was 4.34, and by
the fifteenth day reached pH to 4.06, i.e. active acidity decreased by 0.28 pH units, while the highest
value was V2.2 with 4.54, on the fifteenth day amounted to 4.17, that total was reduced by 0.37 pH
units. And in VV2-sub-variants supplement serum proteins influenced the higher pH in yoghurt. On
the first day of storage yogurt, VV2-sub-variants were lower pH compared with V1.

On the 5th day, the lowest pH value was determined in V1.3 and 4.37, and the highest in V1.2 and
V1.4 and 4.46. V1-sub-variants with the addition of serum proteins (V1.2 and VV1.4) showed higher
pH. In V2-sub-variants 5 th day, the lowest value was determined in V2.3, with a pH of 4.18, while
the highest value was V2.2, with a pH of 4.33. The added serum protein powder in V2-sub-variant
on the fifth day led to higher pH. On the 5th day of storage, VV2-sub-variants showed lower pH
thanV1-sub-variants. On the 10th day, in V1-sub-variants the pH ranged from 4.30 in V1.3 to 4.39
in V1.2 and in VV2-sub-variants, and it was from 4.13 in V2.3 to 4.25 in VV2.2. Added serum protein
powder stirred pH. On the 15th day, of the VV1-sub-variants, the lowest active acidity was found in
V1.3 with pH 4,25, and the highest in V1.2 and V1.4 with a pH of 4.33.

From the V2-sub-variants, the lowest active acidity on the 15th day was found in V2.3 with a pH of
4.06, and the highest was established in V2.1 and V2.2 and 4.17 pH units. The addition of serum
proteins in the VV2-sub-variant on the fifteenth day showed impact and led to higher pH in yogurt.
Based on the above mentioned, it can be concluded that all the sub-alternatives of yogurt showed
the greatest reduction of the active acidity on the 5th day of storage, which ranged from 3.7 to 5.3%,
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then up to the 15th day pH decreases with lower intensity, i.e. from 1.2 to 1.9%. The overall
reduction of the active acidity, for a period of 15 days in V1 variants ranged from 6.3% in V1.1 to
7.9% in V1.4 and in V2 from 6.5% in V2.3 to 8 1% in VV2.2. It was found that V2-sub-variants with
lower pH value of V1. Common to V1 and V2-sub-variants is that the added serum protein powder
stirred pH, which is consistent with studies (Chr-Hansen, 2006) and is contrary with cocnclusion of
(Cheng et al., 2003; Christopher et al., 2006 and Reddy et al., 2005), who found that the inclusion of
serum proteins in yogurt leads to lower pH during storage. V2 sub-variants have lower pH than V1.

Table 2. Dynamics of pH in yoghurt
1" day 5™ day 10" day 15" day
pH xE5; Cv X x5 Cv xE5; Cv xx5: | cv

V11| 4,5840,032 | 1,746 | 4,41+0,024 | 1,36 | 4,34+0,024 | 1,359 | 4,29+0,023 | 1,305
V12| 4,66£0,019| 1,008 | 4,46+0,005| 0,269 | 4,39+0,009 | 0,501 | 4,33+0,012| 0,692
V13| 4,5440,027 | 1,475| 4,37+0,024 | 1,395 | 4,30+0,017 | 0,953 | 4,25+0,011| 0,658
V14| 4,56£0,040 | 2,149 | 4,46+0,019| 1,076 | 4,34+0,022 1,29 | 4,33+0,015]| 0,877
V21| 4,530,049 | 2,671 | 4,2940,043 | 2,494 | 4,24+0,025| 1,438 | 4,17+0,028 | 1,603
V22| 4,54+0,046 | 2,511 | 4,33+0,033 | 1,893 | 4,250,036 | 2,07 | 4,17+0,044 | 2,613
V23| 4,340,069 | 3,917 | 4,180,043 | 2,559 | 4,13+0,035| 2,106 | 4,060,038 | 2,29
V24| 4,450,033 1,82 | 4,27+0,015| 0,894 | 4,21+0,015| 0,902 | 4,13+0,008 | 0,46

From Figure 2 it can be seen that our conclusion coincides with the research findings by
Kailasapathy et al. (1996), who showed that the pH is consistently higher in yogurt which has the
addition of serum proteins, and does not coincide with (Cheng et al., 2003; Christopher et al., 2006;
Reddy et al., 2005), who found that the inclusion of serum proteins in yogurt leads to lower pH
during storage.
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Figure 2. Dynamics of pH yogurt
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Impact on lactose in yogurt

Lactose is a disaccharide that is composed of D-glucose and D-galactose. Hydrolysis of lactose
depends on the enzyme concentration, temperature, pH and the presence of other ingredients. The
presence of galactose is slowing down the action of enzymes, and thus hydrolysis of lactose. When
fermentation takes place under the influence of homo-fermenting sour-milk bacteria, lactic acid
develops from lactose. On the first day of storage of the yogurt, lactose content ranged from 2.57%
inV1.4, V2.3 and V2.4 to 2.85%. in V2.1. It was found that on the first day of the addition of serum
proteins, it did not affect the change of the amount of lactose in yogurt. You could say that VV2-sub-
variants with slightly lower lactose value of V1, which corresponds to the results obtained for the
dynamics of acidity. In the fifth day of storage of yogurt, lactose content in V1-variants is reduced
by 15.9 to 31.3% and ranged from 2.11% for V1.1 and V1.3 to 2.22% in V1. 2, while the V2
decrease was from 23.5 to 24, 5 and was in the range of 1.93% in V2.4 to 2.16% in V2.1. Appendix
serum protein powder 5th day led to a higher content of lactose in yogurt only in V1.1, In addition,
in most sub-alternatives of V2, lactose content was lower than V1. In the period from 5 to 10 days
the storage continues the transformation of lactose into lactic acid and its reduction from 1.14% in
V1.3 and V2.3 to 1.54% in V1.2. Sub-variants with the addition of serum proteins had a higher
lactose content. Sub-variants V2 in most cases on the 10th day showed lactose content equal to
those of V1. The largest decrease of lactose observed was in the period from the 10th to the 15th
day when lactose percentage ranges from 0.17% in V1.3, V2.3 and V2.4 to 0.34% in V1.2.
Moreover, the addition of serum proteins did not influence the increase of the content of lactose in
V2.2 and V2.4. Sub-variants V2, on 15th day had lower or equal lactose content of sub-variants V1.

Table 3. Dynamics of lactose in yogurt

1" day 5™ day 10™ day 15" day

Lactose| ¥t 5z Cv xt5; Cv xt5; Cv xt5; Cv

V1.1 | 2,68+0,035 | 3,246 |2,11+0,096 | 11,232 | 1,42+0,094 | 16,338 | 0,28+0,036 |32,285

V1.2 | 2,790,035 | 3,143 | 2,22+0,639 | 7,049 | 1,54+0,124 | 19,746 | 0,34+0,002 | 1,5

V1.3 |2,62+0,035 | 3,347 | 2,11+0,037 | 4,402 | 1,14+0,035 | 7,692 0,170 0,0

V14 2,570 0 2,16+0,073 | 8,365 | 1,25+0,094 | 18,576 | 0,23+0,037 | 40

V21 |285+0,035 | 3,077 |2,16+0,073 | 8,365 | 1,42+0,094 | 16,338 | 0,28+0,036 |32,285

V2.2 |268+0,035 | 3,272 | 2,05+0,063 | 7,634 | 1,48+0,094 | 15,689 | 0,23+0,037 |40,391

V23 |25740,062 | 5914 |1,94+0,096 | 12,221 | 1,14+0,035 | 7,692 0,170 0,0

V24 |25740,124 |11,832|1,93+0,071 | 9,093 | 1,25+0,035 | 7,016 0,170 0

Common to V1 and V2- sub-variants is that the addition of serum protein powder had no constant
influence to the lactose content, although most sub-alternatives with the addition of serum protein
powder showed a higher content of lactose. Sub-variants V2 in multiple iterations, with lower
lactose content of V1- sub-variants while storage period of fifteen days led to a significant reduction
of the lactose content. According to the above graph represented in chart 3, it can be concluded that
the content of lactose during storage of yogurt steadily declines. Serum protein powder did not have
a constant influence in sub-variants that were added (V1.2, V14, V2.2 and V2.4).
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Figure 3. Dynamics of lactose in yogurt

Impact on fat, protein, ash and dry matter in yogurt

From these analyzes it was concluded that in sub-variants in which serum protein powder was added
(V1.2, V1.4, V2.2 and V2.4) it was noticed a higher content of fat, protein, which was established
research and authors Dave and Shah., (1998), as well as ash and dry matter in yogurt.

Conclusions

Based on the survey results, the following conclusions can be made:

By tracking the dynamics titration acidity, it was determined that it significantly grows from the
first towards the 15th day in all the sub-alternatives. Lowest acidity had V1.2 (starting 28,61 °SH
and end 45,34 °SH), while the highest values shows V2.3 (starting from 38,50 °SH and ultimate
52,59 °SH). V2 sub-variants had higher titration acidity throughout the storage of yogurt compared
to V1 sub-variants, and sub-variants with the addition of serum proteins (V1.2, V1.4, V2.2 and
V2.4), had lower titration acidity. It was found that the added serum protein powder has no
statistically significant impact.

Active acidity has a declining trend, i.e. during storage it comes to increasing acidity, with biggest
declining trend shown by V2 sub-variants as a result of the used starter culture. Lowest initial and
final value had V2.3 (4.34 and 4.06). Highest initial value had V1.2 (4.66) and highest final V1.2
and V1.4 (4.33). According to the above we can conclude that the VV2-sub-variant shows a lower pH
during storage of yogurt, compared with V1 variant. Moreover in sub-variants that have the addition
of serum proteins (V1.2, V1.4, V2.2, VV2.4), pH has a higher value compared to those sub-
alternatives not containing serum proteins. Serum protein powder supplement showed no major
impact on statistical significant difference between sub-variants.

Lactose content significantly decreases from the first to the 15th day in all the variants of yogurt.
Lowest percentage of lactose on the first day was noticed in V1.4, V2.3 and V2.4 (2.57%), and
highest in V2.1 (2.85%), while the on 15th day, the lowest percentage of lactose was determined in
V1.3, V2.3 and V2.4 (0.17%), and most lactose was found in V1.2 (0.34%). Added serum protein
powder in sub-variants did not influence the change of the content of lactose in yogurt. The addition
of serum proteins in yogurt led to a higher content of fat, protein, ash and dry matter in yogurt.
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BJIMJAHUE HA CEPYM TIPOTEWHU HA KBAJIMTETOT, XEMUCKUTE "
BUOXEMUCKHUTE CBOJCTAB HA JOI'YPTOT

Bama I'. Manocka, Comwa /1. Cpounoscka, Crepja M. CrepjoBcku

AncTpakr

Co menm ma ce ompeAeny BIMjaHHETO HAa CEPyM NPOTEHHUTE BpP3 KBAIUTETOT, XEMHCKHTE W
OMOXEMUCKHUTE CBOjCTBA HAa jOTYPTOT, BO TEKOT HAa HCTPAXXyBambETO, C€ MPUMEHETH IBE Pa3IHIHU
craprep kyntypu YF-L 811 (B1) u YC-381 (B2) u n1Be Temmeparypn Ha HHOKyJalHja U Toa Ha 35-
37°C (B1.1 m B2.1 ) u 41-43°C (B1.3 u B2.3), co u 0e3 monaBame Ha CepyM MPOTEHHHU BO IIPaB
(B1.2, B1.4 u B2.2 u B2.4). Kako cypoBHHa ¢ KOPHCTCHO KpaBjOo MIICKO, MAcTCPH3MPAHO Ha
temreparypa o 85°C 3a Bpeme on 30 munytu. JlarepyBameto Tpaeuie 15 qeHa Ha Temmieparypa of
4°C, mpu I1ITO COApKMHATA HAa MJIEYHATa MacT, IENeNTa, NPOTEHHHTE M CyBaTa Marepuja ce
aHaMM3upaHu Ha 1-0T u 15-0T JeH, a TakTo3aTa, TATpAllMCKaTa U aKTUBHATA KUCEIOoCT Ha 1-0T, 5-0T
neH, 10-ot, u 15-0T meH of JarepyBameTo Ha jorypToT. Bp3 ocHOBa Ha MOOHMEHHUTE PE3yaTaTH, O
aHATU3UTE € OTIPEIICIICHO JeKa: | UTpalUCcKaTa KICEIOCT 3HAYUTEIHO PacTe Kaj CUTE TIOABApHjaHTH,
IIpH TO HajHUCKA KucenocT uma B1.2 (ox 28,61°SH mo 45,34°SH), noneka HajBHCOKH BPETHOCTH
mokaxxyBa B2.3 (ox 38,50°SH mo 52,59°SH). B2 momBapujaHTHTE, IMaaT MOBHCOKA THUTPAIHCKA
KHCEJIOCT, 32 IEJI0 BpeMe Ha CKIIaIupame Ha jorypToT, Bo ogHoC Bl, a mogBapujaHTHTE CO JOAATOK
Ha cepyM MPOTCHHH MMAaaT MOHWCKA TUTPAINCKa KHUCENOCT. AKTHBHATa KHCEIOCT MMa OIaradku
TpeH/I, MpH IITO € TorojeMa kaj B2 mojBapujaHTUTE, Kako pe3yiraTr Ha ynorpebeHara crapTep
KyJITypa, a NOABapHjaHTUTE, CO JOJATOK Ha CepyM INPOTEHHH, MMaar mnoBucoka pH BpeaHoCT.
CoapikMHaTa Ha JIaKTO3a 3HAYMUTEIIHO Ollara of MPBUOT JI0 15-0T JeH Kaj cuTe BUJOBH Ha jorypT. Bo
MPBHOT JIeH, COJP)KHHATA HA JIaKTo3ara € Bo rpanunu ox 2,57 % (B1.4, B2.3 u B2.4) no 2,85 %,
(B2.1), a ma 15-or gen ox 0,17 % (B1.3, B2.3 u B2.4) no 0,34 % (B1.2). JlomaTokoT Ha cepym
MIPOTCHHUTE HE BIHMjae BP3 MPOMEHATa Ha COAP)KMHATA HA JIAKTO3aTa BO jOTypTOT. JJomaTokoT Ha
CcepyM MPOTEHHH BO jOTYPTOT, AOBEJE 10 MOBHCOKA COIPKIHA Ha MACTH, IPOTEHHH, IIETeNl U CyBa
MaTepHja Kaj jorypToT.

Kayuynu 300poBH: jorypT, TemIieparypa Ha (epMeHTaIHja, cCepyM IPOTEHHH, CTapTep KYITYpH,
CKIIaIupame.
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Abstract

Wines contain a number of biologically active compounds and are subject of continual interest due
to their beneficial effects on human health. The aim of this study was to determine the concentration
of the phenolic compounds and antioxidant and antimicrobial activities of Vranac wines, produced
from different Serbian wineries. The phenolic concentration was analyzed by high-performance
liquid chromatographic (HPLC) method with photodiode array and fluorescence detection. The
antioxidant activity was estimated by using 2,2°-diphenyl-1-picrylhydrazyl (DPPH) assay. Vranac
wines were screened in vitro for antimicrobial activity using broth microdilution and disc agar
diffusion techniques against six gram-positive and six-gram-negative bacterial strains.

Key words: Vranac wines, phenolic compounds, antioxidant activity, antimicrobial activity.

Introduction

The concentration of different phenolic compounds in grapes and their corresponding wines varies
according to the morphological and agronomical characteristics of the grapevine cultural and the
winemaking technique employed (Ginjon et al., 2011; Lachman et al., 2007; Villano et al., 2006).
The wines contain a number of biologically active compounds and are subject of continual interest
due to their beneficial effects on human health. Recent studies indicate that consuming small
amounts of red wine on a regular basis reduces the risk of coronary heart disease and
arteriosclerosis, and this medical quality is connected to the antioxidant properties of polyphenols
(Braicu et al., 2011; CIiff et al., 2007; Cushnie et al., 2011; German et al., 2000; Papadopoulou et
al., 2005; Pereira et al., 2009; Radovanovi¢ et al., 2009; Renaud et al., 1992).

In our earlier studies on Serbian red wines we showed that phenolic contents can be used to identify
the biological properties of red wines ( Radovanovi¢ et al., 2009). The phenolic fingerprint might be
a useful tool for the classification of wines quality.

The enhancement of red wine biological properties may therefore have importance in a competitive
market environment.

The aim of this study was to evaluate the relationship between phenolic profile and antioxidant and
antimicrobial activities of Serbian Vranac wines, produced from Rubin Winery (KruSevac) and
Vino Zupa Winery (Aleksandrovac).
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Material and methods

Chemicals and wines samples

Acetonitrile and formic acid (HPLC-grade) were obtained from Merck (Darmstadt, Germany);
HPLC-grade methanol were purchased from Carlo Erba Reagent (Milan, Italy); gallic, caffeic, p-
coumaric and ferullic acid, catechin, procyanidin B2, epicatechin, quercetin-3-glucoside, rutin,
morin, quercetin, naringin, malvidin-3-glucoside and resveratrol were supplied from Sigma
Chemical Co. (St. Louis, MO). The used reagents were of analytical quality. Serbian wines selected
for this study were: red wine (Vranacl) from Rubin Winery (Kru$evac) and red wine (Vranac 2)
from Vino Zupa Winery (Aleksandrovac), vintage 2009.

Microbial strains and inocula preparation

The antimicrobial activity of the wine samples was evaluated using laboratory control six species of
multi-resistant entero bacteria strains obtained from the American Type Culture Collection. All
these micro-organisms were gram-positive: Clostridium perfringens ATCC 19404, Bacillus subtillis
ATCC 6633, Staphylococcies aureus ATCC 8538, Listeria inocula ATCC 13076, Sarcina lutea
ATCC 9341 and Micrococcus flavus ATCC 40240, and gram-negative: Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 9027, Salmonella enteritidis ATCC 13076, Shigella sonnei
ATCC 25931, Klebsiella pneumonia ATCC 10031and Proteus vulgaris ATCC 8427. The inocula of
the bacterial strains were prepared from overnight broth cultures and suspensions were adjusted to
0.5 McFarland standard turbidity (corresponding to 107-108 CFU/ml, depending on genera -
consensus standard by the NCCLS). The plate was incubated for 24 h at 37°C. All experiments were
performed in triplicate.

High Performance Liquid Chromatography analysis (HPLC)

Phenolic compounds contents were determined by using HPLC, by direct injection of each wine
sample into an Agilent 1200 chromatographic system - photodiode array detector (DAD) with
radiofrequency identification tracking technology for flow cells and fluorescence detector for
multiwavelength detection with online acquisition of excitation (Ex) and emission (Em) spectra, and
a Chem-Station software. Elution was carried out in gradient mode using two solvent mixtures: (A)
formic acid/water and (B) acetonitrile/formic acid/water. The elution profile was as follows: from 0
to 28 min, 0-10.0% B, from 28 to 35 min, 10-25% B, from 35 to 40 min, 25-50% B, from 40 to 45
min, 50-80% B, and for last 10 min again 0% B. Aliquots of 5 pL. were injected into a 4.6x250 mm
RPC-18 column (Zorbax Eclipse XDB-C18) with 5 um particle size. The flow rate was 0.8 mL min
! The detection wavelengths were 280, 320, 360 nm for UV, and 275/322 nm (Ag/Aem) for
fluorescence-detection. Identification and quantification of various phenolic compounds were made
by using calibration curves obtained with the standard solutions of pure phenolic compounds in the
same conditions as the wine samples. The results are expressed in mg per L of sample (mg L™).
Antioxidant activity

Antioxidant activity of test wine samples was determined by using modified DPPH free radical
scavenging method (Radovanovi¢ et al., 2010; Singleton et al., 1965). This antioxidant assay is
based on the measurement of DPPH radical colour loss due to the changes in absorbance at 515 nm,
caused by the reaction of DPPH radical with the test sample. The radical scavenging activity fifty
(ECsq values) corresponding to the amount of samples necessary to decrease by 50% the amount of
free radical DPPH was determined by plotting the scavenging activity against the sample
concentration, and expressed as ml of wine sample per g of the DPPH-radical.
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Antimicrobial activity

Disc agar diffusion method

Preliminary antimicrobial tests were carried out by disc diffusion method using 100 pL of bacterial
suspension spread on Mueller-Hinton agar (MHA, Torlak, Serbia) in sterilized Petri dishes (90 mm
in diameter). The discs (9 mm in diameter, HiMedia Laboratories Pvt. Limited) were impregnated
with 50 pL of the test samples and placed on the inoculated agar (20 mL). The inoculated plates
were incubated for 24 h at 37 °C. Reference antibiotics, Chloramphenicol (30 pg) and Streptomycin
(30 pg) served as a positive control, while the solvent (water - 50 puL/disc) was used as a negative
control. It was found that the solvent (water) showed no inhibitory activity. The diameters of
inhibition zones produced by these extracts were then compared to standard antibiotics. All the tests
were performed in triplicate. Antibacterial activity was evaluated by measuring the zone of
inhibition (in mm) against the test bacterial strains. The values shown are the means from duplicate
experiments performed for the six strains per species.

Micro-well dilution method

A broth microdilution method was used to determine the minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) according to the National Committee for Clinical
Laboratory Standards (NCCLS, 2003). Two growth controls consisting of medium with water
(negative control) and medium with Chloramphenicol and Streptomycin (positive control) were also
included. The microbial growth was determined by absorbance at 620 nm using the universal micro
plate reader (Thermo Lab systems, Multiskan EX, Software for Multiscan ver.2.6.). MIC was
defined as the lowest concentration of wine samples at which microorganisms showed no visible
growth. In order to determine MBC, broth was taken from each well without visible growth and
inoculated on Mueller Hinton agar (MHA) for 24 h at 37 °C. The MBC is defined as the lowest
concentration of the wine samples at which 99.9% of inoculated microorganisms were killed. The
values shown are the means from duplicate experiments performed for the six strains per species.
Statistical analysis

Three analytical replicates were carried out on each sample wine. Measurements were averaged and
results are given as mean =+ standard deviation.

Results and discussion

Phenolic profile of grape and wine (determined by the relative proportions of the different phenolic
compounds) is characteristic for each corresponding grape variety and wine. Moreover,
concentrations of different phenolic compounds can vary significantly within grape cultivars
according to environmental conditions. In addition, during the process of wine preparation,
significant changes take place in the composition and content of phenolic compounds, as a result of
fruit disintegration as well as wine fermentation and aging (CIiff et al., 2007; Ginjon et al., 2011,
Lachman et al., 2007; Luiz, 2011; Mazza et al., 1999; Villano et al., 2006). Phenolic (gallic acid)
and hydroxycinnamate acids (t-caftaric acid, t-coutaric acid, caffeic acid p-coumaric acid and
ferullic acid) contents of tested Vranac wines are recorded at 280 and 320 nm. Flavan-3-ol contents:
(+)-catechin, procyanidin B2 and (-)-epicatechin contents of tested wines are recorded by a
fluorescence detector at 275/322 nm (Ag/Aem)- Then, flavonol and flavonol glucoside contents of
tested wines: quercetin-3-glucoside, rutin, morin and quercetin are recorded at 360 nm, naringin at
320 nm and the anthocyanin and malvidin-3-glucosideis recorded at 520 nm.
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All phenolic compounds, were identified by comparison of their retention times (from
chromatograms recorded by fluorescence detection) and UV-VIS spectra with those of standards.
The content of phenolic compounds for investigated Vranac wines determined by HPLC analysis
are presented in Table 1.

Table 1. Content of phenolic compounds (mg L™) of tested Vranac wines determined by HPLC

analysis

Phenolic compounds | Vranac 1 Vranac 2
Gallic acid 64.33 £0.67 | 47.53+0.34
t-Caftaric acid 23.23+£0.97 | 7.56 £ 0.88
t-Coutaric acid 8.14+098 | 1.83+0.88
Caffeic acid 3.03+£0.55 |295+0.88
p-Coumaric acid 1.66 £0.55 | 1.59+0.39
Ferulic acid 1.66 £0.55 | 1.59+0.39
(+)-Catechin 27.61+£0.97 | 18.35+£0.76
Procyanidin B2 13.67+£0.47 | 13.22+£0.79
(-)-Epicatechin 12.37+£0.67 | 6.68 £1.01
Quercetin-3-gl. 536+0.95 |2.88+0.57
Rutin 3.13+£0.84 | 0.15+0.06
Morin 2.33+092 | 1.82+0.36
Quercetin 147+082 | 1.12+0.73
Naringin 3.05+1.03 |2.11+£046
Resveratrol 0.55+0.02 | 0.41+0.03
Malvidin-3-gl. 91.35+0.33 | 53.98+0.42

In these tested Vranac wines gallic acid content was predominant, which is in agreement with
published data for a number of other wines (Cliff et al., 2007; Ginjon et al., 2011; Lachman et al.,
2007; Luiz, 2011; Mazza et al., 1999; Papadopoloulou et al., 2005). Flavanol accumulation in wines
results from enzymatic preparation, yeast fermentation and oxidative polymerization reactions.
According to data shown in Table 1, the contents of (+)-catechin and quercetin-3-glucoside, also are
predominant in investigated wines, which is in agreement with published data (Ginjon et al., 2011;
Luiz, 2011; Radovanovic et al., 2010; Villano et al., 2006).
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Table 2. Antimicrobial activity (in mm) and MIC/MBC against gram (-) and gram (+) bacteria of
tested Vranac wines and referents antibiotics: streptomycin and tetracycline

Microorganisms Vranac 1 Vranac 2 Streptomycin Tetracyclin
Gram (-) bacteria
Escherichia coli 17.8+0.3 12.8+0.5 16.0+0.4 23.24+0.2
250/250 250/250 16/16 3.8/7.5
Pseudomonas aeruginosa 15.240.3 12.6+0.6 23.0+0.7 20.8+0.5
250/250 125/125 8/8 7.5/7.5
salmonella enteritidis 15.2+1.8 12.240.3 18.0+0.9 23.3+0.3
250/250 250/250 4/4 0.9/1.9
Shigella sonnei 16.5+0.9 13.7+£0.6 19.0+£3.0 31.1+0.8
250/250 250/250 nt nt
Klebsiella pneumoniae nt 12.1+0.2 nt 23.6+0.6
250/250 nt
Proteus vulgaris 13.5£1.8 12.1+0.2 nt 19.240.5
125/125 125/125 0.12/0.9
Gram (+) bacteria
Clostridium perfringens 13.7+1.7 12.1+0.9 nt 29.0+0.7
125/125 125/125 0.9/0.9
Bacillus subtillis 15.840.1 13.5+0.5 nt 23.9+0.9
250/250 250/250 0.9/0.9
Staphylococcies aureus 17.0£2.1 14.2+0.7 nt 18.5+0.3
125/125 125/125 0.12/0.9
Listeria inocula 16.2+3.2 11.9+0.6 nt 20.0+0.2
125/125 250/250 0.46/0.9
sarcina lutea 17.0£0.9 14.5+0.5 nt 23.6+0.7
250/250 125/125 0.06/0.06
Micrococeus flavus 17.0+0.8 12.3+£0.6 nt Nt
250/250 125/125 0.46/0.9

Conclusions

The concentrations of some phenolic compounds are very important for understanding biological
potency of red wines. The high levels of phenolic compounds in the Vranac 1, produced from Rubin
winery contribute to their high antioxidant and antimicrobial activities. The differences between
investigated Vranac wines of Zupa vintage region can be ascribed to various winemaking
techniques employed by Rubin and Vino Zupa wineries.
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OINIPEJEJTYBAIBE HA ®EHOJIHU COE/IUHEHNJA U AHTUOKCHUJAHC "
AHTUMUKPOBEH ITIOTEHIIMJAJIN HA HEKOU CPIICKHU IPBEHU BUHA

Anekcangpa H. PanoBanosuk, bpauumup C. JoBanoBuk, bnara 1. PanoBanosuk, Tatjana
Muxajunos-Kpcres

AncTpakr

Bunata conpikaT OpojHH OHOJIOIIKY aKTHBHH CYIICTAHIIU U ce MPeIMeT Ha HHTepec 3apad HUBHUTE
MO3UTHBHU edekTn Bp3 3apaBjero Ha  myrero. llenra Ha 0OBOj Tpyx € Ia ce Ompenein
KOHIICHTpaIijara Ha (DEHOJIHHUTE COCTUHEHHWja, aHTHOKCHIAHCH W aHTUMHKpPOOHA aKTHBHOCT Ha
BUHOTO Bpanen, npousseneH ox pasnuunu Cprcku BuHapuu. KoHueHTpanujata Ha (eHouu e
aHAIM3MpaHa CO MeETOJ] Ha BHCOKO-edukacHa Teuna xpomartorpaduja (HPLC) co doromnonna
(uryopeciieHTHa JeTeKIHja. AHTHOKCHAAIMCKATA aKTUBHOCT € MPOIICHETa CO KOPHUCTEme Ha 2,2 -
nubpennn-1-mukpunxuapasun (DPPH). AHTHMUKpOOHATA aKTHBHOCT Ha BUHATa BpaHer KOH miecT
I'paM-nio3uTuBHE ¥ 1IecT ['paM-HeraTMBHU OakTepuu Oelle NMpHKakaHa in Vvitro co ymoTpeba Ha
MHKPOJWITYIIHOHEH METOJ BO OYjOH U IHCK-I1()y3HOHEH METOJ Ha arap.

Knayynn 3060poBm: BuHa Bpasen, ¢eHoOmHM coeIMHEHHMja, AHTHOKCHAAIMCKA aKTHUBHOCT,
AQHTUMHKPOOHA aKTUBHOCT.
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Abstract

The aim of this study was to estimate the dietary intakes of three toxic heavy elements through
consumption of daily doses of the main food items in the Serbian market basket like bread, meat,
milk, vegetables, fruits, etc. The contents of lead (Pb), cadmium (Cd) and arsenic (As) were
determined in different food samples by atomic absorption spectrometry with graphite furnace after
the acid digestion in microwave unit. Samples were collected from supermarkets in Novi Sad,
Serbia. The element intakes were calculated for average adult consumers based on consumption
data of Serbian market basket. The relative shares of the estimated intakes of Pb, Cd and As with
respect to the relevant provisional tolerable daily intakes were discussed and compared to the
available literature data in order to point out the food items from the Serbian market with the highest
potential for health risk through the dietary intake.

Key words: toxic elements, GFAAS, dietary intake.

Introduction

The presence of heavy elements in the environment and food chain represents a serious problem,
which is recognized in most of the countries around the world. Many aspects related to food safety
and quality control have attracted considerable consumer attention in recent years. Thus, it is
imperative that the presence of heavy elements in foodstuffs be controlled in accordance with the
defined maximum residue levels. The monitoring of the heavy element levels in food samples as
well as the estimation of these food contaminants intake are essential for risk evaluation and
investigation of possible contamination that would represent a health hazard. A risk of
contamination of the food chain may arise when heavy elements accumulate in food at
concentrations above the threshold levels believed to threaten the health of humans. A number of
serious health problems can develop as a result of excessive uptake of dietary heavy elements.

The World Health Organization (WHO), through its Global Environment Monitoring System—
Food Contamination Monitoring and Assessment Programme (GEMS/Food), is encouraging
countries to undertake total diet studies as the most cost-effective method for assessing dietary
exposure to chemical contaminants in the diet. Representative datasets on consumption of foods are
combined with data on concentration in foods of the compounds of interest, to derive the average
dietary exposure.

There have been scarce data on the chemical safety status of food products on the Serbian market.
In fact, there is no comprehensive study dealing with levels of heavy elements in foodstuffs
consumed in Serbia nor the detailed assessment of the dietary exposure of the Serbian population.
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Thus, the main focus of this study was on getting data the presence of three toxic heavy elements
(lead (Pb), cadmium (Cd), arsenic (As)) in major food items of the Serbian market basket providing
more information for risk assessment valuable for both food producers and consumers through
estimation of dietary intakes of these elements through consumption of the main food items in the
Serbian market basket.

Materials and methods

Instrumentation

For analysis of heavy elements atomic absorption spectrometer with deuterium background
correction, equipped with a graphite furnace (GFAAS) for electrothermal atomization (Varian
AA240/GTA120, USA) was used. An automatic sampler was employed for injecting of the solution
into the furnace. The assembly was operated from an interfaced computer running SpectrAA
software.

Chemicals

For heavy element determination, concentrated 69% nitric acid (ccHNO3) (“trace metals analysis”
grade) and 30% hydrogen peroxide (H,0O,) were both from J.T.Baker. All the plastic and glassware
were cleaned by soaking in a 20% hydrochloric solution overnight; then in 20% nitric acid
overnight and finally rinsed with Milli-Q water. The As, Cd and Pb stock standard solution (1000
png/ml) were supplied by J.T.Baker. The working standard solutions of 1 pg/ml for each element
were obtained by diluting stock solutions in 3% nitric acid. The calibration curve was prepered
using the so-called bulk solution prepared by mixing the standard solutions and the subsequent
dilution. Automix option of the GFAAS is applied enabling automatic preparation of the calibration
standard. Paladium nitrate was used as modifier during analysis. Ultra-pure deionized water type
Milli-Q with a specific resistivity of 18.2 MQ/cm was used for preparation of the standard and the
sample solutions.

Samples

In January, 2012, forty-five selected foodstuffs samples were collected randomly from different
supermarkets within Novi Sad, the capitol of the Vojvodina Province, where the biggest producers
of food in Serbia are located. Investigated foodstuffs were fruit (apple, prunes), vegatable (potato,
onion, mushrooms), bread, cookies, chocolate, candy, oil, margarine, meat, milk, soft cheese and
paprika (powder spice) contributing in the largest shares to the average market basket in Serbia. The
samples were stored in their original packs at 4°C until analysis was carried out.

Method

Milestone Ethos One microwave with segmented rotor of high pressure (HPR-1000/10S) and
internal temperature sensor (Milestone, Italy) was used for digestion of the samples. About 0.5 g of
previously homogenised samples were weighted inside high-pressure Teflon (TFM) vessels and 7
ml of ccHNO; (69%) and 1 ml of H,0, (30%) were added. The operational conditions and the
heating program used were carried out according to the conditions recommended by the
manufacturer. After cooling, digests were diluted with Milli-Q water to 25 ml glass flask and
finally, transferred to previously acid-cleaned and labelled polypropylene vessel for further analysis.
From each kind of food samples three digestions were prepared and analysed using three replicates.
A blank digest was carried out in the same way in every batch of digest samples.

Appropriate quality assurance procedures and precautions were carried out to ensure the reliability
of the results. Validation data (recoveries were in the range 66-132%; limits of detection (LOD) and
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limits of quantification (LOQ) were than the LODs and LOQs required by EC (2007); linearty
expressed as the regression coefficients was greater than 0.9950) indicated the suitability of the
proposed method for determination of trace concentration of As, Cd and Pb.

Intake calculation

Calculation of the exposure of the Serbian population through consumption of investigated
foodstuffs was based on the average daily portion of the selected foodstuffs and the average element
concentrations found in this study, corrected for the recovery values.

Following equation was used for estimate the element intake:

[elements ][ foodstuffs consumption]

Estimate of element intake (pg/kg/day) = [b ]
W

where [element] is the concentration of element in (mg/kg) detected in foodstuffs adjusted for
recovery, [foodstuffs consumption] is the amount of selected foodstuffs (kg) consumed per person
per day, and [bw] is the body weight (kg).

The amounts of investigated foodstuffs used for calculation of the intakes were obtained according
to the Serbian market basket (Statistical Office of the Republic of Serbia, 2011). The following
investigated foodstuffs with average daily consumption figures per person were used (Statistical
Office of the Republic of Serbia, 2011): apple (94.0 g), potato (143.0 g), onion (31.0 g), mushroom
(5.7 9), oil (30.0 g), margarine (6.0 g), milk (145 ml), soft cheese (33.0 g), meat (102.2 g), bread
(293.3 g), cookies (9.3 g), chocolate (2.2 g), candy (2.2 g), prunes (1.1 g), spice pepper (1.7 g). The
average body weight (bw) of 70 kg for adults was used for calculating daily intakes per kg bw.

The estimated element intakes (in pg/kg/day) were than compared with the relevant provisional
tolerable daily intakes (PTDI, pg/kg/day) set by Food and Agriculture Organization (FAO)/World
Health Organization (WHO). The percentages of PTDIs through consumption of investigated
foodstuffs were calculated:

%PTDI = [Estimate of foodstuffs intake]/[PTDI]*100

Results and discussion

Arsenic was detected only in samples of margarine and oil, but in concentrations below the
maximum residue level of 0.1 mg/kg set by Serbian regulation. In other food items it was below the
limit of detection.

The levels of Pb and Cd in selected foodstuffs are presented in Figure 1.

902



SECTION 8: FOOD QUALITY AND SAFETY

Cd (mg/kg)

0.1203
0.1003
0.0803
0.0603
0.0403
0.0203
0.0003

m Cd (mg/kg)

potato
onion
mushrooms
prunes |
cookies
chocolate
candy
milk
soft cheese ||
hread
meat |
spice pepper

Pb (mg/kg)

0.353
0.303
0.253
0.203
0.153
0.103
0.053
0.003

mPb(mg/kg)

potato
onion
mushrooms
apple
prunes

oil
margarine
cookies
chocolate
candy

milk

soft cheese
bread

meat

spice pepper

Figure 1. The content of cadmium and lead in different types of foodstuffs from the Serbian market
basket (mg/kg).

The highest Cd content could be order as follows: paprika > candy > chocolate > bread > cookies =
potatoes, followed by mushrooms, apple, whereas the lowest content was found in oil, milk and
apple samples. The Cd levels quantified in analyzed foodstuffs were lower than maximum levels set
by EU (EC, 2006) or Serbian regulations (No 28/2011). The Pb concentrations in majority of
samples were very low being equal or lower than 0.035 mg/kg, except in the case of samples of
bread, chocolate, prunes and candy for which the highest concetrations from 0.150 to 0.389 mg/kg
were found. The lead levels in all investigated foodstuffs were found to be lower than maximum
levels set by EU (1881/2006) or Serbian regulations (No. 28/11).

Intake of elements from food consumption is dependent element concentrations in food and amount
of food consumed. The average levels of As, Cd and Pb were used in the intake calculation, since
this methodology is internationally recognized to provide satisfactory estimates of long-term
exposure, suitable for comparison with the respective Provisional Tolerable Weekly Intake (PTWI)
set by Food and Agriculture Organization (FAO)/World Health Organization (FAO/WHO, 2007),
which are also estimates based on long-term exposure. Tables 1 show the estimates of As, Cd and
Pb intakes for the general Serbian adults through consumption of selected foodstuffs. The intake of
each elements is expressed as a percentage of the PTDI proposed by the FAO/WHO (1988, 1999,
2005) to be 2.1 pg/kg/day for As, 1 pg/kg/day for Cd and 3.6 pg/kg/day for Pb. As can be seen from
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Table 1, the intakes of As, Cd and Pb by adults through investigated foodstuffs consumption were
generally estimated to be below the respective PTDIs.

Total intake of As through the selected foodstuffs was 11.64% of PTDI, and similar total intakes
through the selected foodstuffs were estimated for Cd (9.45% of PTDI). The selected food
commodities gave little contribution to As and Cd intake levels, when compared to PTDIs.
However, higher total intake was estimated for Pb (22.17% of PTDI). The highest contribution to
the total intakes of all three elements gave the bread due to its highest consumption rate. Moreover,
in the case of Pb the significantly higher intake through bread was also a consequence of the
markedly higher concentration found in this foodstuffs.

Few researchers have made some progress on the determination of heavy elements in different
foodstuffs from ,,national market basket“, (SCOOP, 2004; Leblanc et al., 2005; Becker et al., 2011).
However, several factors have an impact on the validity of the intake estimation in different study
and their comparison. The most important is different choices of analyzed food groups. Other
confounding factors are differences in the sampling strategies, applied analytical methods, humber
of samples, calculation methodology.

According to the comprehensive SCOOP study, fish and other seafood are the main source of As;
fruit, vegetables, cereals, meat and fish are the main sources of Cd; none of the most consumed
foodstuffs throughout Member States (MSs) are generally high in Pb, however due to high
consumption rates, fruits and vegetables accounted for about 42% of PTDI, and ready-to-eat food
for about 20% of PTDI in the diet of the mean adult population.

Hence, comparison of intakes estimated in different studies should be used only approximately and
with great caution.
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Table 1. Average intakes of toxic elements through consumption of daily portions of the selected foodstuffs and the contribution to the PTDI for adults

© = Intake for adults in pg/kg/day E 2 |
5|53 (in % of PTDI) % >0
S e 2 £ S 4
< | % mushroo| _ . _ _ soft 1 E2T
= | potato ms onion | apple | prunes oil |margaring cookies|chocolat§g candy | meat milk cheese bread | paprika | 2 &
As | 21 0.041 | 0.002 | 0.024 | 0.02 | 0.002 | 0.01 | 0.004 | 0.002 | 0.0005| 0.0005| 0.021 | 0.05 | 0.007 | 0.06 | 0.0004 | 0.244
(1.97) | (0.08) | (1.14) | (0.92) | (0.01) | (0.55) | (0.19) | (0.11) | (0.02) | (0.02) | (1.02) | (2.32) | (0.34) | (2.99) | (0.02) | (11.64)
cd | 10 0.02 | 0.0005 | 0.0009 | 0.002 |0.00007| 0.0005 |0.00001| 0.002 | 0.001 | 0.0009 | 0.0002 | 0.002 |0.00007| 0.062 | 0.0024 | 0.0945
' (1.53) | (0.05) | (0.09) | (0.22) | (0.007)| (0.05) | (0.001)| (0.18) | (0.10) | (0.09) | (0.02) | (0.27) | (0.007)| (6.18) | (0.24) | (9.45)
pb | 36 0.003 | 0.002 | 0.0007| 0.02 | 0.005 | 0.009 | 0.0014 | 0.001 | 0.004 | 0.009 0.03 0.03 | 0.0007 | 0.68 0.003 0.80
(0.08) | (0.05) | (0.02) | (0.63) | (0.15) | (0.25) | (0.03) | (0.04) | (0.12) | (0.27) | (0.87) | (0.78) | (0.02) | (18.76)| (0.05) | (22.17)

®Provisional Tolerable Daily Intake (PTDI) has been calculated from Provisional Tolerable Weekly Intake (PTWI) set by Food and Agriculture

Organization (FAO)/World Health Organization (WHO).

bA body weight (bw) of 70 kg was assumed for adults intake.
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Conclusions

It could be concluded that, this is the most comprehensive study presenting the heavy element levels
in foodstuffs frequently consumed by Serbian inhabitants. The study highlights the fact that levels
of analyzed contaminants in investigated foodstuffs collected from the local markets in Novi Sad
were in compliance with the current Serbian and EU legislation. It also emphasizes that there was
no concern about intake of the heavy elements through different foodstuffs by adult consumers.
Still, regular monitoring is essential, to prevent the excessive build-up in the food chain.
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MPOLIEHKA HA BHECOT HA Pb, Cd u As IPEKY HCXPAHATA CO KOH3YMUPAIBE
HA ITOBA’KHHU ITPEXPAHBEHHU ITPOAYKTH O KOINHUIIATA HA CPIICKHOT
IMA3APOT

Bunjana lIxp6uk, Jenena L{Bejanos, 3naruma [Ipenojesuk, Hartama Mpwmom, Jenena JKuanues

AncrpakTt

IlenTa Ha oBaa cTyaMja € 1a ce NPOLEHM BHECOT HA TPU TOKCHUYHHM TELIKH EJIEMEHTH MpeKy
HCXpaHaTa CO KOH3yMUpame Ha JHEBHU JO3U OJ TNIaBHUTE MpexXpaHOCHU MPOAYKTU O] CPICKUOT
nasap Kako Jieb, Meco, MJIEKO, 3eJeHuyK, oBoiije, uTH. CoapxuHara Ha 0110Bo (Pb), kagmuym (Cd)
u apceH (As) ce oOmpeleNeHH BO Pa3IMYHM NPUMEPOIM O XpaHa CO aTOMCKa arcCopIIUCcKa
CHEKTpOMETpHja co TpaduTHA Meyka IO Bapeme BO KHCEIMHA BO MHKPOOpaHOBa IEUKa.
[Ipumepornure ce cobpann ox cynepmapkerute Bo HoBu Caxn, CpOuja. BHecoT Ha enemMeHTHTE €
IIPECMETAaH 3a MPOCEYHN BO3PACHH IOTPOIIYBAYH BP3 OCHOBA HA MOJATOLMUTE 32 KOH3YMHPAmkE O
CpPIICKHOT Ta3ap. PematmBHOTO yuecTBO Ha mpoueHeTHoT BHec Ha Pb, Cd m As Bo omHOC Ha
COOJIBETHHOT NPHUBPEMEH TOJEpaH THEBEH BHEC C€ ANCKYTHPAaHW M CHOPEICHH CO IOJATOLUTE
JIOCTaIlHU BO JIMTEpaTypaTa co Liell Jla ce yKa)Ke Ha NpexpaHOeHHUTE MPOAYKTH OJi CPIICKUOT Ia3ap
IITO C€ BHECYBAAT MPEKY MCXpaHaTa CO HajBUCOK MOTEHIHjaJICH PH3HK 10 3PaBjeTo.

Kayunu 300poBu: Tokcuunu enementd, GFAAS, nogaronu Bo ucxpasara.
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COMPARATIVE ANALYSIS OF SELECTED TOXIC ELEMENTS IN FOOD SAMPLES
FROM SPANISH AND SERBIAN MARKETS
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Abstract

A survey was carried out with the aim to comparatively assess the level of some toxic elements (As,
Cd, and Pb) in food commodities collected from the Serbian and Spanish supermarkets. The
following items were considered: milk, cheese, liquid yogurt, meat, sweets like cookies, chocolate,
walnut, raisins, prunes, etc. The elements were extracted from their matrix by using nitric acid and
hydrogen peroxide in a closed-vessel microwave digestion system for their subsequent detection by
graphite furnace atomic absorption spectrometry (GFAAS). The method was validated by using a
certified reference material and an in-house method. In majority of the samples, arsenic was not
detected, while the highest levels of about 0.306-0.323 mg/kg were found for lead in candy samples
from both countries. In general, the elements were present in the Serbian products in similar ranges
as in the corresponding food items from the Spanish market. The results were compared with the
maximum levels set by the European Commission and the Serbian regulation, and they were
discussed in a light of the relevant data available in literature.

Key words: toxic elements, GFAAS, Serbian and Spanish food.

Introduction

The presence of heavy elements in the environment and food chain represents a serious problem,
which is recognized in most of the countries around the world. Humans have traditionally been
exposed to low concentrations of elements mainly via water and foods. In fact, food consumption
has been identified as the major pathway of human exposure to toxic elements, compared with other
ways of exposure such as inhalation and dermal contact. Arsenic (As), cadmium (Cd) and lead (Pb)
are elements with highest toxic potential among those present in foods.

In this sense, there is need to obtain data on toxic heavy element levels in foods and determination
of the element concentrations with high accuracy and precision has recently become a national
challenge in many countries. Concerning the element occurrence in Serbian food there is scarce data
available literature.

Thus, the main aim of the present study was to determine As, Cd and Pb concentration in food
commodities collected from the Serbian market, as well as in the same or similar type of foodstuffs
from Spain in order to comparatively assess the food safety status in Serbia.
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Material and methods

Instrumentation

For analysis of heavy elements atomic absorption spectrometer with deuterium background
correction, equipped with a graphite furnace (GFAAS) for electrothermal atomization (Varian
AA240/GTA120, USA) was used. An automatic sampler was employed for injecting of the solution
into the furnace. The assembly was operated from an interfaced computer running SpectrAA
software.

Chemicals

For heavy element determination, concentrated 69 % nitric acid (ccHNOs3) (“trace metals analysis”
grade) and 30 % hydrogen peroxide (H,O,) were both from J.T.Baker. All plastic and glassware
were cleaned by soaking in a 20% hydrochloric solution overnight; then in 20 % nitric acid
overnight and finally rinsed with Milli-Q water. The As, Cd and Pb stock standard solution (1000
pg/ml) were supplied by J.T.Baker. The working standard solutions of 1 pg/ml for each element
were obtained by diluting stock solutions in 3 % nitric acid. The calibration curve was prepered
using the so-called bulk solution prepared by mixing the standard solutions and the subsequent
dilution. Automix option of the GFAAS is applied enabling automatic preparation of the calibration
standard. Paladium nitrate was used as modifier during analysis. Ultra-pure deionized water type
Milli-Q with a specific resistivity of 18.2 MQ/cm was used for preparation of the standard and the
sample solutions.

Samples

In 2012, 15 food items from supermarkets in Novi Sad, Serbia, and 14 food items from Barcelona,
Spain were collected. The following food items were investigated: fruit, vegatable, bread, cookies,
chocolate, candy, oil, margarine, meat, milk and dairy products, soft cheese and paprika. The
samples were stored in their original packs at 4°C until analysis was carried out.

Sample preparation

Milestone Ethos One microwave with segmented rotor of high pressure (HPR-1000/10S) and
internal temperature sensor (Milestone, Italy) was used for digestion of the samples. About 0.5 g of
previously homogenised samples were weighted inside high-pressure Teflon (TFM) vessels and 7
ml of ccHNO; (69 %) and 1 ml of H,O, (30 %) were added. The operational conditions and the
heating program used were carried out according to the conditions recommended by the
manufacturer. After cooling, digests were diluted with Milli-Q water to 25 ml glass flask and
finally, transferred to previously acid-cleaned and labelled polypropylene vessel for further analysis.
From each kind of food samples three digestions were prepared and analysed using three replicates.
A blank digest was carried out in the same way in every batch of digest samples.

Method validation

Appropriate quality assurance procedures and precautions were carried out to ensure the reliability
of the results. Firstly, the developed method was validated by in-house quality control procedure.
Parameters taking into account were: instrumental linearity, limit of detection (LOD) and limit of
quantification (LOQ), recovery, precision (repeatability as relative standard deviation (RSD) in %).
Calibration curves were obtained with aqueous standards of the metals and the elements content
were quantified by external calibration procedure except in the case of meat samples, when standard
addition methods was applied. The regression coefficients obtained were all greater than 0.9950.
The limit of detection (LOD) and limit of quantification (LOQ) were calculated as the mean blank
signal plus three or ten times, respectively, its standard deviation. In all cases, LODs and LOQs
were lower than LODs and LOQs established by European Union (EC, 2007). Validation of the
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analytical method was carried out by determination of element recoveries from spiked samples.
Different types of foodstuffs (potato, onion, mushrooms, apple, prunes, oil, margarine, cookies,
chocolate, candy, milk etc.) were used for spiking at maxumum residul levels set by EC or Serbian
regulation. All of the obtained recovery values were acceptable being in the range 66-132%. The
certified reference material (CRM), wheat GBW 10011, was also used to check the bias of the
method. The recovery of As, Cd and Pb regarding CRM were as follows: 113%, 100% and 96%,
respectivily. Additionally, the accuracy of the method was checked by involvement in proficiency
test (PT) for determination of Pb in chilli powder organized by FAPAS in July-August 2012. The
recovery obtained in PT test was 80%.Thus, all validation data indicated the suitability of the
proposed method for determination of trace concentration of As, Cd and Pb.

Results and discussion

The heavy elements not only affect the nutritive values of food items (i.g. milk, vegetables, fruits)
but also have deleterious effect on human beings using food products. The average data on
occurrence of As, Cd and Pb analyzed in selected foodstuffs samples collected from Serbian and
Spanish supermarket together with maximum allowable concentrations set by the relevant Serbian
(No. 28/11) and EC (1881/2006) regulations are given in Table 2. Samples with the element
concentration between LOD and LOQ were considered to be positive and their levels were included
in the statistical analysis. If element was below LOD in all of the samples, its average value is
reported as “<LOD”; otherwise for calculation of the averages, quantities below LOD were
considered as LOD/2. Arsenic is considered to be the most toxic to human health, which is the
reason why this element was investigated in food items even though the maximum allowable
concentration (MAC) has not been established yet by EU regulation. As shown in Table 1, arsenic
was detected only in oily products (oil, margarin) from Serbian markets, and only in samples of
candy from Spain. Determined level in later item was above the maximum residue level of 0.05
mg/kg set by Serbian regulation (No. 28/11). The results obtained for other food items were below
limit of detection.

The highest Cd content of about 0.118 mg/kg was found in Serbian paprika spice and 0.103 mg/kg
for Spanish candy, whereas the lowest content was found in apple, oil and milk samples collected
from Serbian market. Comparative analysis of the Cd contents in the same type of the products from
Serbia and Spain indicated similar levels, except in the case of candy samples (Table 1).
Nevertheless all analyzed products were in compliance with EU or Serbian regulations regarding
Cd.

Concerning Pb the highest average content was found in candy samples (0.323 mg/kg and 0.306
mg/kg) in Serbian and Spanish product, respectively, whereas the lowest Pb content of 0.005 mg/kg
were in Spanish egg créme caramel. Significant differences in Pb levels between the same Serbian
and Spanish products were observed for prunes and cookies samples. Nevertheless, levels obtained
for Pb in food item from both countries were in line with maximum levels set by EU and Serbian
regulations.

The results of the study for As, Cd and Pb have been compared with the European data collected in
the scientific opinions of SCOOP 3.2.11 that is the keystone of European Union (EU) risk
assessment regarding food and feed safety. Comparison with the relevant data for the same food
items from the EU Member States, indicated that similar or lower levels were obtained for the
Serbian and Spanish products, except in the case of the As content in Serbian oil samples and the
level of Pb in Serbian bread and chocolate (Table 1).
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Table 1. The content of arsenic, cadmium and lead in different types of foodstuffs from the Serbian
and Spanish supermarket (mg/kg)

Average Average b .
Analyte Type vaIue"’" of value"i‘ of ?ggﬁjcl:at’iir?r?l\ll? MAC®, EU EU°
Serbian Spanish (1881/2006)
28/11)
products products
potato <0.03 0.3 0.002
onion 0.04 0.3
mushrooms <0.03 0.3 0.09
apple <0.03 0.3 0.006-0.014
prunes <0.03 <0.03 0.5 <0.02
rasines <0.03 0.5 <0.02
oil 0.03 0.1 0.003-0.005
margarine 0.03 0.1
cookies <0.03 <0.03 0.5 <0.1
chocolate <0.03 <0.03 0.5 0.0128
candy <0.03 0.09 0.05 0.005-0.0018
milk <0.03 0.1 <0.005-0.003
As }logurt <0.03 0.1
jell <0.03 0.1
egg creme <0.03 0.1
caramel
cream <0.03 0.1
soft cheese <0.03 <0.03 0.1 0.002-0.021
bread <0.03 0.5 0.005
meat <0.03 <0.03 0.1 0.003-0.023
paprika <0.03 5.0
(powder)
walnuts <0.03
peanuts <0.03
sanflower <0.03
seeds
potato 0.009 0.1 0.05 0.010-0.0686
onion 0.003 0.1 0.05 0.002-0.1288
mushrooms 0.005 0.2 0.2 0.016-0.081
apple 0.001 0.05 0.05 0.0029-0.2025
prunes 0.003 <0.0003 0.3 0.01
rasines <0.0003 0.3 0.01
oil 0.001 - - 0.006
margarine <0.0003 -
cookies 0.013 0.012 0.05 0.1
chocolate 0.034 0.034 0.2
cd candy 0.028 0.103 -
milk 0.001 0.01 - 0.0002-0.006
yogurt <0.0003 0.02
jell <0.0003
egg creme <0.0003
caramel
cream <0.0003
soft cheese <0.0003 0.0003 0.1 0.003-0.034
bread 0.013 0.05 0.0284-0.04
meat <0.0003 0.0042 0.05 0.05 0.001-0.051
paprika 0.118
(powder)
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walnuts 0.003 0.198

peanuts 0.069 0.198

sanflower 0.146 0.198

seeds

potato <0.003 0.1 0.1 0.001-0.34

onion <0.003 0.1 0.1

mushrooms 0.006 0.3 0.3 0.016-0.026

apple 0.013 0.1 0.1 0.029-0.647

prunes 0.263 0.065 3.0 0.61

rasines 0.069 3.0 0.61

oil 0.023 0.1 0.1 0.005-0.089

margarine 0.014 0.1

cookies 0.010 0.097 04 0.2

chocolate 0.143 0.055 1.0 0.031

candy 0.323 0.306 0.5

milk 0.011 0.02 0.02 0.004-0.05
Ph yogurt 0.039 0.4

jell <0.003 0.4

egg creme 0.005 0.4

caramel

cream 0.009 04

soft cheese <0.003 0.008 1.0 0.031-0.058

bread 0.142 0.40 <0.040-0.025

meat 0.02 0.065 0.1 0.1 0.01-0.77

paprika 0.08 -

(powder)

walnuts 0.181 0.120

peanuts 0.012 0.120

sanflower 0.068 0.120

seeds

8If the element content was below LOD in all the samples, its average value is reported as
,,<LOD*“;otherwise for calculation of averages, quantities below LOD were considered as
LOD/2."Maximum allowable concentration; “Concentration range of mean levels of heavy elements
in particular food item from different Member States; “fruits.

Conclusions

This study provides information on elements such as As, Cd and Pb, in food items collected from
Serbian and Spanish markets. To the best of our knowledge, this is first time that food items from
Serbian and Spanish markets were studied and compared. Generally, the results suggested that
analysed food items are complied with current Serbian and EU legislation and that majority of
samples contained similar levels of these three toxic elements.
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KOMIIAPATUBHA AHAJIM3A HA U3BPAHU TOKCUYHHU EJIEMEHTH BO
MNPUMEPOIIN O] XPAHA O[] IITTAHCKHUTE U CPIICKHUTE ITA3APU

Bunjana [Ikp6uk Mapunena ®appe, Hatama I'yprmnk-Mmagenosuk, Jenena L{gejamos

AncTpakr

HcTpaxkyBameTo € CIIPOBEAEHO CO I Jja Ce HalpaBU CHOpeadeHa MPOLeHKa Ha KOJIMYECTBOTO Ha
HeKou TokcuuHH eneMeHTH (As, Cd, u Pb) Bo npexpaHOeHM NPOU3BOAM 3€MEHH O] CPIICKHTE U
LIMTaHCKUTE CylepMapKeTH. 3a Taa Ll Ce€ 3€MEHH CIEAHUBE MPOAYKTH: MIIEKO, CUPEHE, TeUeH
JOTypT, Meco, CJIaTKH KaKo KOJa4Miba, YOKOJIal0, OPEBHU, CYBO I'po3je, CIIMBH, UTH. Enemenrture ce
€KCTpaxMpaHU O] HUBHATa MaTpUIla CO TOMOII Ha a30THA KHUCEIMHA M BOAOPOJ HEPOKCUA BO
3aTBOPEH CHCTEM CO MUKPOOPAHOBO II€YKa, a II0TOA ITOCIIEI0BATEIHO CE ONPEIEICHN CO TOMOII Ha
aTOMCKa amCopIIUcKa crekTpoMmerpuja co rpadurHa neuka (GFAAS). Meromor 3a aHammsza e
pa3paboTeH W BamUIUpaH CcO KOpPHUCTeHE Ha cepTuduuupad pedepeHTeH Marepujail. Bo
MIOTOJIEMHOT JIEN OF TIPUMEPOLUTE HE € JIETEKTHUpPaH apceH, 07eKa HajBHCOKH KOHLEHTPALMH OJ
oxoxy 0,306-0,323 mg/kg, ce mpoHajaeHH 3a 0JIOBO BO MPUMEPOIH 01 OOHOOHM 01 IABeTe 3eMju. Bo
MIPOM3BOJIUTE CO CPIICKO MOTEKJIO, MCHUTYBaHUTE €JEMEHTH Oea NMPHUCYTHH BO CIMYHU TPAHULA
KakKo ¥ BO COO/IBETHUTE MPEeXpaHOCHU NPOIYKTH O IIMaHCKUOT Ta3ap. Pesynrarture ce criopeneHu
CO MakCHMaJHHTE KOJIMYeCTBAa YTBPJCHU OJf CTpaHa Ha EBporckaTa KomucHja M CpIicKara
perynatiBa, a c€ IUCKYTHPaHH BO COIVIACHOCT CO pEJICBAHTHUTE MOJATOLU [OCTAIlHH BO
JIuTepaTypaTa.

Kuryunu 300poBu: Tokcuunu enemenT, GFAAS, cprcka u mmnaHcka xpaHa.
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Abstract

The aim of the research was to determine the microbiological characteristics of yogurt from three
leading Macedonian milk-processing facilities supplied by retail centers, as changes that occur
during storage of 20 days. Finished packaged products were stored at 4 and 8°C during 20 days, and
analyzed on 1%, 10", and 20" day. However, in three iterations the following parameters were
analyzed: total number of bacteria and lactic acid bacteria, and then the presence of yeasts and
pathogens. With the microbiological tests, the best quality on the first day was set in brand 1.
Namely in this variant on the first day it didn’t establish the presence of total number of bacteria,
nor pathogens. After 20 days of storage at 4°C, the greatest changes in microbiological quality
brand showed in brand 3 (V3) where it was determined constant large number of yeasts from 5 x
10* to 7.3 x 10* CFU/mI and total bacteria, followed by brand 2 (V2) where yeasts were in the range
between 4,3 x 10% and 5,3 x 10* CFU/mI. Slightly smaller number of yeasts was determined in
Brand 1 (V1) (2,5 x 102 2,5 x10° CF /ml,). All three variants showed an increased number of total
bacteria. The products storage at 8°C had poorer microbiological quality. Yogurt which was the
subject of analysis did not satisfy the requirements in terms of number of yeasts, with the exception
of brand 1 (V1), and on the first day, which partially fulfilled the requirements.

Keywords: yogurt, quality, temperature, storage.

Introduction

Fermented dairy products are traditional products in Macedonia, present in milk-processing
facilities, markets and our table and yogurt is one of the most consumed dairy products. Yoghurt
implies to a product which is obtained by fermentation of pasteurized milk with appropriate lactic
acid starter cultures. The technology is adjusted according to the traditional sour milk which as a
fermented dairy product derives from these areas and in the sales is like liquid yogurt and yogurt.
The quality and safety of yogurt can be defined with a large a number of criteria which include:
microbiological, chemical, physical and nutritional characteristics. As a result of all this, the quality
and safety can be determined by a number of tests of different degrees of objectivity, but all are
aiming to determine that the product is:

- Safe for human consumption (especially in terms of microbiological and chemical pollution);

- In accordance with all legal requirements;

- Able to achieve the assigned shelf life without being spoiled;

- With high sensory standards.

Storage of the yogurt at temperatures lower than 10°C and maintaining these temperatures until the
sale of the product, allows slowing down the microbiological and biochemical reactions that are
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occurring in yogurt. Negative changes that may occur in the yogurt are as a result of non-
compliance with the prescribed measures and rules for storage of the yogurt.

Material and methods

Studies were conducted on samples of yoghurt placed on the mark packed in carton boxes of 1litre,
immediately after production. The survey included three yoghurts produced by different
manufacturers (Brand 1, Brand 2 and Brand 3) that were stored for a period from 20 days at a
temperature of 4°C (Brand 1-4, Brand 2-4 and Brand 3-4) and 8°C (Brand 1-8, Brand 2-8 and
Brand 3-8). Microbiological tests were carried out in three repetitions. The samples were examined
and analyzed in the Institute of Public Health - Bitola.

Microbiological methods were investigated by the following methods:

- Total Bacteria Count TBC - (MPA-agar) cultured 7 days at 28°C.

- Total Coliform bacteria — (ENDO-agar), detection of Salmonella appeared red colonies, while the
detection of Escherichia coli appeared green colonies. The planted pad was incubated for 24-48
hours at a temperature of 35-37°C.

- Total number of Lactic Acid Bacteria - LAB. - MRS-agar under anaerobic conditions at a
temperature of 37°C for a period of 24-48 hours.

- Total number of yeasts -SABURO- incubated 24-48 hours at a temperature of 37°C.

Results and discussion

In Table 1 are presents results for microbiological characteristics of yogurt from three leading
Macedonian milk-processing facilities supplied by retail centers. All samples at the first day showed
microbiological parameters in agreement with official standards regarding number of LAB and
these entire presenting LAB counts higher than 10’CFU/ml (Table 1). This is in correlation with
Macedonian standards (Official gazette 96/2011) and Codex standard (CODEX STAN 243-2003).
According the results, pathogenic bacteria was not defined in the variants yogurts present on
markets, except E. coli in Brand 2 and Brand 3 (from 5 to 80 CFU/ml in Brand 2 and from 18 to 40
CFU/ml in Brand 3). Coliforms detection or enumerating are often used as parameters for
evaluating the yoghurt quality in different countries (Con et al., 1996; Nogueira et al., 1998; Tamine
and Robinson, 2007). The obtained results are similar when compared to other studies in Lebanon
(Al-Kadamany et al., 2003), and Portugal (Nogueira et al., 1998). However, there have been
instances where much higher counts of coliform group were found in yoghurt samples, with
frequency varying from 35 to 80% (Con et al., 1996). While, Massa (1996) did not noticed the
presence of Salmonella in yogurt, but Rodrigues (2010) found Coliform bacteria with levels higher
than 0.3 MPN/g in yogurt placed on Brazil’s markets. Varga et al. (2007) in samples of yogurt did
not noticed the presence of Salmonlla and S. aureus., and Okpalugo et al (2008) investigated dairy
products on Nigeria market noticed the presence of Coliform bacteria as follows: Enterococcus spp.
4.2 x 10% and E.coli 1.2 x 10%. According the results, yeasts were present at first day in all variants
in range of 2x10° to 2x10’CFU/ml.

During storage on different temperatures 4°C and 8°C, total number of bacteria in all brands
gradually increased. Based on the results presented in Table 2 it can be concluded that the total
number of bacteria in Brand 1 increased on the 10th day. Namely the 20th day the total number of
microorganisms has increased 2x10’ CFU/ml. While in Brand 2 and Brand 3 total number of
microorganisms is greater than Brand 2. Namely the 20th day the total number of microorganisms
has increased from 2x10° CFU/ml up to 2x10" CFU/mI. (Brand 2), whereas in the Brand 3 total
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number of bacteria is greatest and ranges 1x10° CFU/mI. up to 8x10’ CFU/mI. Higher storage
temperature increased total number of bacteria and it ranges from 2x10° up to 2x10" CFU/m.
(Brand 1), 2x10” CFU/m. (Brand 2) and 8x10° up to 8x10" CFU/ml. (Brand 3).

Table 1. Microbiological quality of different Brands of yogurt on Macedonian markets

Bacteria Brand 1 Brand 2 Brand 3
CEU/mI Batch | Batch | Batch | Batch | Batch | Batch | Batch | Batch | Batch
1 2 3 1 2 3 1 2 3
TBC*! 4x10° | 2x10° | 5x10° | 6x10° | 2x10" | 2x10" | 6x10° | 2x10° | 3x10°
LAB*? 1x10°% | 1x10® | 1x10® | 2x10" | 7x10° | 3x10° | 3x10° | 3x10° | 5x10°
Yeasts 2x10° | 2x10° | 2x10° | 5x10* | 4x10* | 5x10* | 7x10* | 5x10* | 5x10*
E.coli nd nd nd 5 80 20 18 40 20
Salmonella nd nd nd nd nd nd nd nd nd
Shigela nd nd nd nd nd nd nd nd nd
Staphylococcus nd nd nd nd nd nd nd nd nd
S.piogenus nd nd nd nd nd nd nd nd nd

*ITBC - Total Bacteria Count *2 |_AB — Lactic Acid Bacteria

All samples at the first day showed LAB counts higher than 10" CFU/ml. During storage period of
20 days LAB count decreased due to the accumulation of ambient lactic acid. Different temperature
storage of yogurt no major changes in the total number of lactic acid bacteria. Their number varied
in the interval from 5x10"up to 5x10° CFU/m. (Brand 1), 1x10° up to 7x10° CFU/ml. (Brand 3) and
3x10° up to 7x10° CFU/ml.

The yoghurt shelf-life can also interfere in the quality of this product. Associated to this, when
yoghurt is kept in inappropriate conditions the LAB from starter cultures tends to increase their
development provoking high acidity. and consequently the killing of themselves (Tamine and
Robinson, 2007).

Table 2. Microbiological changes during Brand 1 yogurt storage at temperature of 4°C and 8°C for
the period of 10 and 20 days

Brand 1
Batch 1 Batch 2 Batch 3
4°C 8°C 4°C 8°C 4°C 8°C
10 | 20 | 10 | 20 | 10 | 20 | 10 | 20 | 10 | 20 | 10 | 20
days | days | days | days | days | days | days | days | days | days | days | days
TBC nd |4x10°|3x10%| 2x10°| Nd |2x10°| 2x10°| 2x10"| nd |5x10° 2x10°|2x10°
LAB 1x10%| 1x10%| 5x107 | 1x10°%| 1x10°| 1x10°| 3x10° | 1x10°| 1x10°| 1x10° | 5x10° |1x10°
Yeasts 610 | 2x10°| 950 |2x10°| 500 |2x10°| 710 |2x10°| 500 |2x10°| 900 |2x10%

Bacteria
CFU/mlI

In the research of Rotar et al (2007) the lactic acid bacteria at the beginning of storage are moved in
the range of 3.07 - 7.8 x 107, in the middle of expiration date of 1.5 - 7.5 x 10° and at the deadline of
the durability of the yogurt from 3.9 x 10° to 2.6 x 10*. The research of Rodrigues et al. (2009) the
number of lactic acid bacteria was traveling at an interval of 5.81 - 9.67 x 10°, while the number of
lactic acid bacteria according to Michaela et al. (2007) was 1.5 - 7.8 x 10". Certain deviations were
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defined, due to differences in the quality of the raw material and different technological line for the
production of yogurt.

Table 3. Microbiological changes during Brand 2 yogurt storage at temperature of 4°C and 8°C for
the period of 10 and 20 days
Brand 2

. Batch 1 Batch 2 Batch 3
Bacteria

4°C 8°C 4°C 8°C 4°C 8°C
10 20 10 20 10 20 10 20 10 20 10 20
days | days | days | days | days | days | days | days | days | days | days | days

CFU/ml

TBC 1x10°| 2x10°| 9x10°| 2x107 | 2x10°| 6x10°| 2x10°| 2x10"| 1x10°| 2x107| 7x10°| 2x10’

LAB 4x10°| 3x10°| 6x10°| 1x10°| 3x10°| 7x10°| 4x10°| 7x10°| 3x10°| 3x10°| 5x10°| 1x10®

Yeasts | 1x10%| 5x10% 4x10%| 5x10%| 2x10*| 4x10*| 1x10*| 8x10*| 1x10*| 5x10*| 5x10*| 9x10*

Yeasts as natural contaminant of yoghurt at the first day was in between 2x10° in Brand 1 to 7x10*
in Brand 3. The total number of yeast in all variants gradually increased during the storage of 20
days but higher storage temperature significantly influence on increasing number. The highest total
number of yeast were defined in Brand 3 (7x10*), while Brand 1 (2x10°) has the lowest number of
yeasts in relation to the other two Brands.

Despite such arduous fencing, contamination owing to yeast is still one of the major limiting factors
for shelf life and commercial value of yoghurt (Canganella et al., 1998). For instance under good
manufacturing practices (GMP), the final product should contain not more than one yeast CFU/g at
the time of production (Suriyarachchi & Fleet, 1981) in contrast to this, other studies extended this
limit to less than or equal to 50 CFU (Li & Li, 1998). Different surveys of retail marketed yoghurt
revealed that samples could exhibit counts more than 10° CFU (Rohm et al., 1990; AL-Tahiri,
2005).

Table 4. Microbiological changes during Brand 3 yogurt storage at temperature of 4°C and 8°C for
the period of 10 and 20 days

Brand 3

Batch 1 Batch 2 Batch 3

CFU/mI 4°C 8°C 4°C 8°C 4°C 8°C

10 20 10 20 10 20 10 20 10 20 10 | 20
days | days | days | days | days | days | days | days | days | days | days |days

TBC |1x10° |6x10° |3x10° |8x107 | 1x10" | 2x10° | 2x10° | 8x10° | 2x10° | 3x10° | 3x10° |8x10’

LAB |8x10%|3x10° | 1x10® | 1x10° | 4x108 | 7x10° | 1x108 | 1x10° | 4x10® | 5x10° | 1x108 |1x10°

Yeasts | 1x10° | 7x10° | 4x10°% | 1x10* | 1x10* | 5x10* | 6x10° | 6x10° | 1x10* | 5x10* | 6x10° |8x10°

The spoilage of yogurts by yeasts is generally recognized by the development of yeasty offflavors,
loss of texture quality due to gas production, and the swelling and eventual blowing off of the
product container (Davis, 1974., Kroger, 1976.). When produced by "good manufacturing practice,"”
yogurts should contain no greater than 1 yeast cell per g and, if correctly stored under refrigeration
(5°C), a product shelf life of 3 to 4 weeks may be expected (Davis, 1974). However, examination of
yogurts randomly purchased at the Macedonian markets showed high number of yeasts which is
partly in correlation with yogurts in United Kingdom and Canada where 25 to 30% of the samples
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contain greater than 10° yeast cells per g. Some samples exhibited yeast counts as high as 10° cells
per g (Kroger, 1976). The mean population of yeast varies from 4.5 x 10' CFU to 2.5 x 10" CFU
having an average of 1.5 x 10° CFU were determinate in yoghurt sold in different localities of
Karachi city (Khan, 2008). The averages of bacterial and yeast counts were significantly lower in
contrast to the ranges reported by Zekai &Erdogan (2003) but are comparable to the counts
observed by Viljoen et al., (2003) and Rohm (1990). In contrast, AL-Tahiri (2005) observed 10°
yeast CFU in locally marketed retail yoghurt which is in agreement with our observations. With
good manufacturing practice, it is possible to obtain yogurts with a yeast count of less than 1 cell
per g at the time of packaging. With proper refrigerated\ storage of the product, the yeast count
should not exceed 10 cells per g after 3 to 7 days (Davis 1974). The yogurts examined in this study
were all studied within 20 days of the date of manufacture, and none variant showed yeast counts
less than 10 cells per g. which suggested an unsatisfactory degree of contamination during
production. Moreover, inadequate refrigeration after packaging and during marketing probably
encouraged yeast growth and accounted for those samples with yeast counts in the range of 10* to
CFU/ml. This extent and level of yeast contamination are somewhat higher than those reported for
yogurts in the United Kingdom (Kroger, 1976) and Canada (Arnott, et all.1974).

Conclusions

Based on the survey results obtained of yogurts placed on Macedonian market can be concluded
following :

- All Brands at the first day showed microbiological parameters in agreement with official standards
regarding number of LAB and all of these presenting LAB counts higher than 10" CFU/ml. During
storage period of 20 days LAB count decreased due to the accumulation of ambient lactic acid.

- Total number of bacteria was not observed in Brand 1-4 in comparison with other variants,
probably as a result of better quality raw milk. While the 10th and the 20th day of storage the total
number of bacteria successively increased but with less dynamics in Brand 1 with respect to Brand
2 and Brand 3.

- Yeasts as natural contaminant of yoghurt at the first day was in between 500 in Brand 1 to 4x10°
in Brand 3. The total number of yeast in all variants gradually increased during the storage of 20
days, but higher storage temperature significantly influence on increasing number. The highest total
number of yeast were defined in Brand 3 (7x10°), while Brand 1 (2x10%) has the lowest number of
yeasts in relation to the other two Brands.

- E. coli were not present in Brand 1 but in Brand 2, and it was in range from 0 to 80 CFU/ml and in
Brand from 3 to 100 GFU/ml.

- Recommended storage of the yogurt is at 4°C, and in exceptional cases up to 8°C.
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MUKPOBHUOJIOIIKHA KBAJIUTET HA JOI'YPTOT BO TEKOT HA CKJIAIMPAIBLETO
Crepja M. CrepjoBcku, Coma 1. CpobuHOoBcka, Bama I'. Marniocka

AncTpakr

IlenTa Ha HCTpaKyBameTO Oelle Ja ce YyTBPAAT MHUKPOOHMOJOMIKUTE KapaKTEPUCTUKH HA jOTYPTOT
OJl TPH BOAEYKH MaKEJIOHCKH MJIEKO-TIPEepadOTyBauKy KanmaluTeTH HaOaBeHU O] MaJONPOIaXKHUTE
LEHTPU, KaKO NMPOMEHH KOM HacTaHyBaaT BO TEKOT Ha ckiamupamero on 20 gena. ['ortoBute
NaKyBaHW THpousBonu Oea ckiaagupann Ha 4 u 8°C Bo Tekor Ha 20 neHa, a aHanu3uTe Oea
cnpoBenyBaHd Ha 1-ot, 10-otr, u 20-ot nen. Ilpu Toa BO Tpu NHOBTOpYyBama c€ aHAIU3UPAHU
CICHUTE MapaMeTPH: BKYMHHOT Opoj HAa OaKTepHUM W MIICYHO-KUCEIH OaKTepuH, a I0TOoa
NIPUCYCTBOTO HA KBacUM M IATOTeHW MHKpoopraHum3Mu. Co MHUKpPOOHMOJIOIIKHTE HCIHTYBabha
Hajgo0ap KBaJWTET Ha MPBUOT JeH Oemie yTBpACH Kaj Opermor 1. MiMeHo kaj oBaa BapHWjaHTa BO
IPBUOT JEH He Oeme YTBPAEGHO IPHUCYCTBO Ha BKyNeH Opoj OakTepuu, HUTY MaTOTCHU
Mukpoopranusmu. [locie 20 geHa narepyBame Ha 4°C, HajroleMu IpOMEHH Mmokaxka Operx 3 (B3)
Kaje Gele YTBPAEHO KOHCTAHTEH TojeM Opoj Ha rabm ox 5x10% mo 7,3x10* CFU/ml n BrymHu
Gakrepuu, motoa cieau Openn 2 (B2) kage rabute Gea Bo rpammumre ox 4,3x10° mo 5,3x10*
CFU/ml. Hemrro moman GpojoT Ha raGu Geme yrspaeH kaj Bpemx 1 (B1) (2,5x10? po 2,5x10°
CFU/ml). Cute Tpu BapHjaHTHU MOKakaa 3rojeMeH Opoj Ha BKymHU Oaxtepuu. IIpomsBomute
narepyBaHu Ha 8°C MMaa 1moJion MUKpOOHOJIONIKH KBaIUTET. JOrypT Koj Oellle mpeaAMeT Ha aHain3a
HE TH 33/I0BOJIM OapamaTa BO OJJHOC Ha OpOjoT Ha KBacIH, co UCKIy4ok Ha Opennot 1 (V1), u Bo
TIPBUOT JICH, KOj IIyMHO TH MCIIOJIHU OapamaTa.

Kayunu 300poBu: jorypT, KBaJIUTET, TEMIIEPATYpPa, UyBarbe.
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Abstract

The paper deals with proving the illegality of introduction of Codex Alimentarius and from it
developed HACCP system into the legislation of Republic of Serbia. In this paper, comparing
methods of comparison of legal norms with Codex guidelines were used, which are in contradiction
with the Constitution of the RS, Rotterdam and Stockholm Convention, several applicable laws,
while products labeled with Codex Alimentarius and from it derived HACCP standard which is
inconsistent with applicable law, illegally appear on Serbian market.

Key words: Codex Alimentarius, HACCP, healthy food, chemicals, legitimacy of law.

Introduction

Codex Alimentarius (http://www.codexalimentarius.org) is specialized international food
organization which was founded in 1961 by UN Food and Agriculture Organization (UN FAO) and
World Health Organization (WHO). The main objective with adopting similar standards and related
documents (guidelines, codes of good practice, references, etc...) was to protect the health of
consumers and ensure fair practices in food trade. The consequences of these provisions are
breaking the current control standard in the area of food production in the world market; the quality
and safety of food have been imperiled.

In the beginning of 2008, Institute for Standardization of Serbia, through which the cooperation of
Serbia with the Codex Alimentarius Commission is performed, held the initial meeting for the
establishment of a National Codex Committee. This committee aims to improve the country's
participation in Codex overall activities. Ministry of Agriculture, Forestry and Water Management
has developed in late 2010 The Draft Regulation on the establishment of the National Codex
Committee of Serbia. As a draft, it was submitted for a review to all interested institutions and
organizations in the country. Under current regulations in Serbia, there is no obligation of marking,
because the law prohibited the use of GM seeds and foods containing GMOs or produced from
GMOs. In the law of the Republic of Serbia (according to European legislation) the presence of
GMOs in different products up to 0.9 percent is considered as unintended contamination, and so
these products are considered unmodified in case of modifications that are allowed in Europe.

Serbia is a signatory to the Rotterdam (The Law on Ratification of the Rotterdam Convention,
"Official Gazette of the Republic of Serbia - International Treaties" No. 38/2009) and Stockholm
(Law on the Ratification of the Stockholm Convention, "Official Gazette of the Republic of Serbia -
International Treaties", 1998) Convention. The Rotterdam Convention is an appropriate basis for
establishing a system of chemicals management, as well as for the process of giving approval
according to the prior information procedure for certain hazardous chemicals and pesticides in
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international trade. The Stockholm Convention aims to protect health of people and the environment
from persistent organic pollutants. Serbia, as a signatory, would have to abide to these conventions
by its regulations in order to protect human health and the environment from potential harm and to
contribute to the use of chemicals in a way that is environmentally sustainable, facilitating
information exchange about their characteristics, taking care of the decision making process at the
national level on import and export and by disseminating these decisions to Parties.
(http://www.upravacarina.rs)

According to our comparative study we can conclude that the Codex Alimentarius Commission is
contrary to these international conventions that have more power than national legislation, the
Constitution of the RS, and laws in force in the Republic of Serbia. Therefore, the HACCP standard
(Hazard Analysis Critical Control Points), derived from the provisions of the Codex Alimentarius,
which in Serbia came into force on 11 June 2011, has no legal basis in domestic legislation. (Food
Safety Law, "Official Gazette of the Republic of Serbia”, No. 41/09).

What is actually the Codex Alimentarius?

With the set of rules for regulation of agriculture and food control from seed to final product, Codex
Alimentarius Commission imposed new standards that are inconsistent with the Rotterdam and
Stockholm conventions, the RS Constitution and domestic laws and that break all previous control
standards in the production of food, additives and other food supplements.

The aforementioned Codex provides:

- mandatory provisions on the use of synthetic (recombinant) bovine growth hormone and
antibiotics in all kinds of animals whose meat is intended for human consumption, so that all
animals raised for food or milk will have to obtain Monsanto growth hormone and Monsanto
antibiotics;

- the use of genetically modified seeds that are prohibited by law in Serbia (Law on Genetically
Modified Organisms, "Official Gazette of RS" No. 41/2009 from 29th of May 2009);

- all kinds of food products must be radiated in order to last longer;

-the label of eco-products is not required to specify the ingredients of non-organic origin.

- vitamins, herbs (teas), useful minerals are prohibited in retail;

- more than 300 different additives (mostly synthetic) have been approved as safe; - from 12
banned herbicides as the most dangerous chemicals for the protection of agricultural products,
Codex Alimentarius brings back seven substances on the allowed list, including DDT which is in
our country (SFRY) prohibited from 1 January 1972.

The research results on the emersion of GM soy and corn, prohibited by law and allowed by the
Codex Alimentarius

According to the data from the Customs Administration (http://www.upravacarina.rs) GM soybeans
were first discovered on our fields in year 1998. In the year 2001, Ivana Duli¢ Markovié, Minister
of Agriculture, Forestry and Water Management RS has allowed the import of soybean meal from
GM soybean. After that, in the year 2001, the agricultural inspection revealed in the area Cenej,
near Novi Sad, seven hectares of "mutated" crops. It is a so-called "Roundup" soybean, resistant to
total herbicide "Roundup”. As previously stated, the GM soybean seeds were purchased at Novi Sad
Najlon market and the market in Sremska Mitrovica, and were sold under a false name, as domestic
sort "ravnica".

Otherwise, GM soybeans are found each year in our fields. During 2006, about 11 tons of
genetically modified soy illegally entered the country. Owing to the inspection, the soy was seized
before sowing. But, in spite of strict controls, in the year of 2005, genetically modified soy was
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discovered in Mac¢va on 370 hectares of 270 manufacturers, and in Sur¢in area - on 55 hectares. The
measure was to take that soy and under strict control take it to be processed to soybean meal, in
order for that seed not to be found next year in the crops. The total of 7,800 tons of GM soybeans
was retrieved from peasants at that time, about 2,500 tons of which in the area of Vojvodina. In
2008, the parcels with modified soybeans were discovered in Magva, about 40 hectares, in the
municipalities Sabac and Bogati¢ and in the area of Srem, about 30 hectares. In the year 2006, about
8,400 kilograms of GM soybeans were destroyed in a power plant "Nikola Tesla A", that were
seized by the inspection in Mac¢va and Srem. The soy was kept for the new sowing and if it had been
completed, with 82 hectares we would get new 300,000 kilograms of soybean.

According to the statement of the director of the Institute for Plant Protection, during the control
over parcels under soybean in South Backa District of Vojvodina, Serbia, in the year 2011, from the
number of controlled parcels, 92% were under GM soybean, and in Banat 88% were under GM
soybean.

From 16 May 2007, the MK Group became the exclusive importer of Monsanto sunflower seed,
rapeseed and sorts of maize that were prohibited in some European countries and in particular, that
were not examined, approved or registered in the Register of agricultural plants seed (Phytosanitary
Border Inspection Certificate of import of Monsanto corn seed by MK Group). The parcels under
corn, sunflower and rapeseed were never controlled by phytosanitary inspection.

During 2011 and 2012, the Monsanto Company has twice announced a competition for workers in
Serbia which would sell Monsanto seeds and herbicides "at the level of Serbian farmers" with direct
offers on the field, outside legal stream of seed sale.

Organochlorine insecticides

Pesticides are chemical substances intended for preventing, destroying or controlling pests,
including vectors of human and animal diseases, unwanted species of plants (weeds) and species of
zoogenic origin (insects, mites, snails, nematodes, rodents) that cause damage during growth,
production, processing, storage, transportation of agricultures and food items etc. (Law on
production and trade of toxic substances, "Official Gazette SFRY", No. 15/95, 28/96 and 2002 and
"Official Gazette RS", No. 101/2005 — oth. law).

Pesticides from the group of organochlorine insecticides were prohibited in EU in the 1972. This
group consists of DDT, dicofol, metoxychlor, lindane, HCH (mixture of isomers), aldrin, dieldrin,
endrin, heptachlor, camphechlor, endosulfan and kelevan. Previously, they were widely applied in
agriculture, forestry, veterinary medicine and communal hygiene. These compounds slowly break
down in the body, they accumulate in unchanged form or in the metabolites form, especially in
adipose tissue and internal organs (liver, brain, kidney, heart), and are excreted through breast milk
and saliva, and eliminated in an unchanged form or transformed form through urine.

HACCP — Hazard Analysis Critical Control Points

HACCP is designed as a system that supports the principles of Codex Alimentarius Commission on
food safety and it is based on analysis and control of potential biological/microbiological, chemical,
allergenic and physical hazards to which all factors in the food production chain are exposed. That
implies abiding by the standard operating procedures and guidelines that reduce risks to food safety.
The designers of HACCP system integrated with the 1SO standards have designed it as a kind of
deception and outstanding auxiliary means in implementation of the thorough industrial and
technological espionage with the goal of overall globalization in all spheres of life including food as
well. With their assumptions, principles and requirements they seek to establish, assess and control
hazards that could affect food safety, with so called management system based on prevention.
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Thereby, each employee is informed of what, how, when and why something must be done in order
to prevent food risks, but also of his/her personal responsibility, so that the end user would consume
healthy and safe food. The designers of HACCP system are consciously omitting two more
important hazards that are current and, unfortunately, future pestilence of this planet, and are
reflected in GMO food and radiological hazards associated with the food and food origin. The basic
deception is reflected in the suppression of physical, chemical and biological hazards, where authors
of this system are deceived assuming that the people is pretty much uniformed and they believe that
any ordinary housewife DOESN'T KNOW that in the soup she is cooking must not fall any button,
hair (physical hazard), that she must not over salt her lunch (chemical hazard) and that she must not
use defective or unreviewed foods of animal origin (biological hazard).

Trivial examples were listed deliberately, to make it easier to understand the essence of the
situation. Recently, risk of allergens was added to the list of HACCP hazards, it is undeniable, and,
unfortunately, there are many children and adults whose organism is intolerant to certain foods.
However, some organizations adhered to that danger and, for example, soybean that is useful and
recommended for nutrition (unless it was GMO) is proclaimed to be allergen so that they could
replace that soybean as a supplement in food production and favor hydrocolloids (additives) that are
not in any way friends to our organism.

Table 1. Chemicals listed in the Rotterdam Convention (Official Gazette of Republic of Serbia —
International Treatises, 1998)

2,45-T Pesticide Heptachlor Pesticide
Aldrin Pesticide |Hexachlorobenzene Pesticide
Captaphol Pesticide |Lindan Pesticide
Mercury compounds, including inorganic
Chlordane Pesticide | cUTY compounds, alkyl mercury Pesticide
compounds, alkyloxyalkyl and aryl mercury
compounds
Chlordimeform Pesticide [Pentachlorophenol Pesticide
Methamidophos (soluble liquid formulation | Pesticide
Chlorobenzilate Pesticide |of the substance containing more than 600g | dangerous
of active ingredient per liter) formulations
Phosphamidon (soluble liquid formulation of | Pesticide
DDT Pesticide [the substance containing more than 1.000g of | dangerous
active ingredient per liter) formulations
Methyl parathion (emulsifiable concentrate Pesticide
Dieldrin Pesticide (EC) containing 19.5%, 40%, 50%, 60% of dan
2 . - gerous
active ingredient and powder containing formulations
1.5%, 2% and 3% of active ingredient)
Eallrt':)seb and dinoseb Pesticide [Polychlorinated biphenyls (PCB) Industrial
(lEZD%';) romoethane Pesticide [Polychlorinated terphenyls (PCT) Industrial
Fluoroacetamide Pesticide [Tris (2,3- dibrompropyl) phosphate Industrial
HCH (mixture of isomers) | Pesticide
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Table 2. Aldrin and Dieldrin in Codex Alimentarius (http://www.codexalimentarius.org)

Commodity Ma>firr?um Residue Year .of EU gr
Limits (MRL) Adoption Serbia
Bulb vegetables 0.05 mg/kg 1997
Cereal grains 0.02 mg/kg
Citrus fruits 0.05 mg/kg 1997
Eggs 0.1 mg/kg
Fruiting vegetables, Cucurbits 0.1 mg/kg 1997
Garden pea, Shelled (succulent seeds) 1 mg/kg
Leafy vegetables 0.05 mg/kg 1997
Legume vegetables 0.05 mg/kg 1997
Meat (from mammals other than marine mammals) 0.2 mg/kg
Milks 0.006 mg/kg
Pome fruits 0.05 mg/kg 1997
Poultry meat 0.2 mg/kg 1997
Pulses 0.05 mg/kg 1997
Root and tuber vegetables 0.1 mg/kg 1997
Table 3. DDT in Codex Alimentarius (insecticide) (http://www.codexalimentarius.org)
Commodity Maximum Residue Limits Year _of
(MRL) Adoption
Carrot 0.2 mg/kg 1997
Cereal grains 0.1 mg/kg
Eggs 0.1 mg/kg 1997
Meat (from mammals other than marine mammals) 5 mg/kg 2001
Milks 0.02 mg/kg 1997
Poultry meat 0.3 mg/kg 2003
Table 4. Dicofol in Codex Alimentarius (http://www.codexalimentarius.org)
Commodity Maximum Residue Limits Year .Of
(MRL) Adoption

Beans (dry) 0.1 mg/kg 1995
Cattle meat 3 mg/kg 1997
Cattle, Edible offal of 1 mg/kg 1997
Cherries 5 mg/kg 1997
Citrus fruits 5 mg/kg 1997
Common bean (pods or immature seeds) 2 mg/kg 1997
Cotton seed 0.1 mg/kg 1995
Cotton seed oil, Crude 0.5 mg/kg 1997
Cotton seed oil, Edible 0.5 mg/kg 1997
Cucumber 0.5 mg/kg 1995
Eggs 0.05 mg/kg 1995
Grapes 5 mg/kg 1997
Hops, Dry 50 mg/kg 1995
Melons, except watermelon 0.2 mg/kg 1995
Milks 0.1 mg/kg 1999
Peach 5 mg/kg 1997
Pecan 0.01 mg/kg 1995
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Peppers 1 mg/kg 1995
Peppers Chili, dried 10 mg/kg 2006
Plums (including prunes) 1 mg/kg 1997
Poultry meat 0.1 mg/kg 1997
Poultry, Edible offal of 0.05 mg/kg 1995
Prunes 3 mg/kg 1997
Squash, summer 1 mg/kg 1995
Tea, Green, Black (black, fermented and dried) 50 mg/kg 1997
Walnuts 0.01 mg/kg 1995
Table 5. Endrin in Codex Alimentarius (http://www.codexalimentarius.org)

Commodity Maximum Residue Limits Year .of

(MRL) Adoption
Fruiting vegetables, Cucurbits 0.05 mg/kg 1997
Poultry meat 0.1 mg/kg 1997

Table 6. Endosulfan in Codex Alimentarius (http://www.codexalimentarius.org)
Commodity Maximum Residue Limits Year _of

(MRL) Adoption
Avocado 0.5 mg/kg 2007
Cacao beans 0.2 mg/kg 2007
Coffee beans 0.2 mg/kg 2007
Cotton seed 0.3 mg/kg 2007
Cucumber 1 mg/kg 2007
Custard apple 0.5 mg/kg 2007
Egg plant 0.1 mg/kg 2007
Eggs 0.03 mg/kg 2007
Hazelnuts 0.02 mg/kg 2007
Kidney of cattle, goats, pigs and sheep 0.03 mg/kg 2007
Litchi 2 mg/kg 2007
Liver of cattle, goats, pigs & sheep 0.1 mg/kg 2007
Macadamia nuts 0.02 mg/kg 2007
Mango 0.5 mg/kg 2007
Meat (from mammals other than marine mammals) 0.2 mg/kg 2007
Melons, except watermelon 2 mg/kg 2007
Milk fats 0.1 mg/kg 2007
Milks 0.01 mg/kg 2007
Papaya 0.5 mg/kg 2007
Persimmon, American 2 mg/kg 2007
Potato 0.05 mg/kg 2007
Poultry meat 0.03 mg/kg 2007
Poultry, Edible offal of 0.03 mg/kg 2007
Soya bean (dry) 1 mg/kg 2007
Soya bean oil, Crude 2 mg/kg 2007
Squash, summer 0.5 mg/kg 2007
Sweet potato 0.05 mg/kg 2007
Tea, Green, Black (black, fermented and dried) 10 mg/kg 2011
Tomato 0.5 mg/kg 2003
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Table 7. Lindane in Codex Alimentarius (http://www.codexalimentarius.org)

Commodity Maximum Residue Limits Year _of
(MRL) Adoption
Barley 0.01 mg/kg 2004
Edible offal (mammalian) 0.01 mg/kg 2004
Eggs 0.01 mg/kg 2004
Maize 0.01 mg/kg 2004
Meat (from mammals other than marine mammals) 0.1 mg/kg 2004
Milks 0.01 mg/kg 2004
Oats 0.01 mg/kg 2004
Poultry meat 0.05 mg/kg 2004
Poultry, Edible offal of 0.01 mg/kg 2004
Rye 0.01 mg/kg 2004
Sorghum 0.01 mg/kg 2004
Straw and fodder (dry) of cereal grains 0.01 mg/kg 2004
Sweet corn (kernels) 0.01 mg/kg 2004
Wheat 0.01 mg/kg 2004
Table 8. Veterinary Drugs in Foods
Codex Alimentarius Commission
Updated as at the 34th Session of the Codex Alimentarius Commission (July 2011)
Veterinary Drugs in Foods
Abamectin Gentamicin Albendazole
Imidocarb Avylamycin Isometamidium
Azaperone Ivermectin Benzylpenicillir_1/|_3rf)caine benzyl
penicillin
Levamisole Carazolol Lincomycin
Ceftiofur Melengestrol acetate Chlorte_t racycline/ .
Oxytetracycline/Tetracycline
Monensin Clenbuterol Moxidectin
Closantel Narasin Colistin
Neomycin Cyfluthrin Nicarbazin
Cyhalothrin Phoxim Cypermethrin anc_i alpha-
cypermethrin
Spiramycin Dicyclanil Spectinomycin
Pirlimycin Danofloxacin Porcine somatotropin
Dihydrostreptomycin/Streptomycin Progesterone Dexamethasone
Deltamethrin Sarafloxacin Diclazuril
Diminazene Testosterone Doramectin
Thiabendazole Eprinomectin Tilmicosin
Erythromycin Trenbolone acetate Estradiol-17beta
Sulfadimidine Trichlorfon (Metrifonate) Febantel/Fenbendazole
Oxfendazole Triclabendazole Fluazuron
Tylosin Flubendazole Zeranol
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Table 9. List of emulgators harmful to human health

E 102 - dangerous

E 171 - suspicious

E 241 - suspicious

E 103 - banned

E 173 - suspicious

E 250 - affecting heart pressure

E 104 - suspicious

E 180 - suspicious

E 251 - affecting heart pressure

E 105 - banned

E 210 - cancerogenous

E 311 - causing rash

E 110 - dangerous

E 211 - cancerogenous

E 312 - causing rash

E 111 - banned

E 212 - cancerogenous

E 320 - cholesterol

E 120 - dangerous

E 213 - cancerogenous

E 322 - gastric disturbances

E 121 - banned

E 215 - cancerogenous

E 339 - gastric disturbances

E 122 - suspicious

E 216 - cancerogenous

E 340 - gastric disturbances

E 123 - very dangerous

E 217 - cancerogenous

E 341 - gastric disturbances

E 124 - dangerous

E 221 - intestine disorders

E 407 - gastric disturbances

E 125 - banned

E 222 - intestine disorders

E 450 - gastric disturbances

E 126 - banned

E 223 - intestine disorders

E 461 - gastric disturbances

E 127 - dangerous

E 224 - intestine disorders

E 462 - gastric disturbances

E 130 - banned

E 226 - skin damaging

E 463 - gastric disturbances

E 131 - cancerogenous

E 231 - harmful for skin

E 465 - gastric disturbances

E 142 - cancerogenous

E 232 - harmful for skin

E 466 - gastric disturbances

Trivial examples were listed deliberately, to make it easier to understand the essence of the
situation. Recently, risk of allergens was added to the list of HACCP hazards, it is undeniable, and,
unfortunately, there are many children and adults whose organism is intolerant to certain foods.
However, some organizations adhered to that danger and, for example, soybean that is useful and
recommended for nutrition (unless it was GMO) is proclaimed to be allergen so that they could
replace that soybean as a supplement in food production and favor hydrocolloids (additives) that are
not in any way friends to our organism. On the other hand, the Codex Alimentarius, from which
HACCP system is derived, for the human use recommends the use of GMO and products made
from it, recombinant synthetic bovine growth hormone, the residues of antibiotics and the most
dangerous pesticides in the animal meat which were legally prohibited in Serbia long time ago, as
well as the toxic food additives. In this way, food that is loaded with all mentioned hazards from the
previous paragraph, is not possible to be detained from the import if it has the label of HACCP
standard. The evidence for the above statement is a response from the Ministry of Agriculture,
Forestry and Water Management to the question of whether the imported meat is checked at the
border for the presence of GMO, which are prohibited by law in Serbia, the answer was as follows:
"Control of animal nutrition, when it comes to GMO animal food, is performed during the animal
breed on the farms in the country of origin". Testing for the presence of recombinant synthetic
bovine growth hormone, antibiotics and residues "is performed in accordance with applicable
regulations of Republic of Serbia/EU" (Reply of the Ministry of Agriculture, Forestry and Water
Management number 011-00-17/2012-05, 2012), where it was allowed contrary to the law of
Republic of Serbia.
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Conclusions

Based on the above stated, one can clearly conclude that Codex Alimentarius, as well as from it
derived HACCP system, are contrary to the Rotterdam and Stockholm Convention, RS Constitution
(Constitution of Republic of Serbia), and several laws on force, such as the Law on Ratification of
the Rotterdam Convention (Law on Ratification of the Rotterdam Convention, "Official Gazette RS
- International Treaties" No. 38/2009), Law on Ratification of the Stockholm Convention (Law on
Ratification of the Stockholm Convention, "Official Gazette of the Republic of Serbia -
International Treaties", 1998), The Food Safety Act (Official Gazette of the Republic of Serbia, No.
41/09), Law on Agricultural Land ("Official Gazette RS"™ No. 62 / 2006 ), The Law on
Environmental Protection ("Official Gazette RS" No. 135/2004), Health Care Law ("Official
Gazette RS" No. 107/05), Law on Genetically Modified Organisms ("Official Gazette RS" No.
41/2009).

With consistent application of national laws and regulations, if the regulative is based on traditional
values, of course, the need for introducing and completing the demands and rules of
unconstitutional and illegal Codex Alimentarius and mentioned standards can be excluded. They
have, as already mentioned, one completely different role in the food production system and in
nutrition system. That system excludes balanced and safe nutrition and as we can witness, leads this
planet with human population to unconditional downfall.
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IMPUMEHA HA 3BAKOHUTOCTA HA CODEX ALIMENTARIUS BO CPBHJA
Amna [lepennk, Panosan Kpusokamuk, Hukona Anekcnk

AncTpakr

OBoj TPy Ce 3aHMMaBa CO JIOKaKyBarbe Ha HEJIETATHOCTa Ha BoBemyBameTo Ha Codex Alimentarius
u ox Hero pasBueHnor HACCP-cucteM BO 3akoHOmaBCTBOTO Ha PemyOnmka CpOuja. meno, Bo
0BOj TPYZ c€ KOPHCTEHU METO/IM 3a cropenba Ha MpaBHUTE HOPMU co npenopadannoT Koaeke, kou
ce Bo crnpotuBHOCT co YcraBoT Ha PC, Porepmam m CrokxoiMcKaTa KOHBEHIIHja, HEKOJIKY
NPUMEHJIMBH 3aKOHH, JOJcKa mpou3Bomure o3HaueHn co Codex Alimentarius u onm Hero
npousne3eHnoT HACCP - crannapz Koj He € BO COTJIaCHOCT CO NMPHMEHJIMBUOT 3aKOH, WIIETAITHO Ce
M0jaByBa Ha CPIICKUOT Ma3ap.

Kayunu 360poBu: Kogexc Amnmenrapuyc, HACCP, 3npaBa xpaHa, XeMHKaJINH, 3aKOHATOCT.
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