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Abstract: The healing potential of wild raspberries from the Region of North Macedonia
was investigated through fermentation and production of healing vinegars. For the production of
homemade vinegars, wild raspberries were collected from the forest region of Berovo and
Robovo, Republic of North Macedonia. The fresh wild raspberries were selected, washed, dried
and cuted. About 1400 g of wild raspberries were subjected for maceration process in the period
of 1-3 min. During this period, the extraction process of natural antioxidants as polyphenols
(anthocyanins, tannins, proanthocyanidins) as well as organic acids, Vitamin C and other natural
antioxidants were performed. The puree of raspberries was then distributed into 5-6 L glass
vessels and 4.8 L of water and 500 g of sucrose were added. The fermentation process was
conducted at room temperature, ranging between 21 and 26 °C, for a time period of 41 days in
the absence of starter cultures like yeasts and acetic acid bacteria. Once the acetic fermentation
was completed (41 days), the experimental vinegars were filtered, pasteurized (15 min at 80 °C)
and transferred, under aseptic conditions, into 100 mL glass airtight containers to reduce the risk
of microbial contamination. Results obtained from evaluation of vinegar from wild raspberries
showed significant amounts of polyphenols (459.28 mg/L vinegar) and total anthocyanins
(399.21 mg/L vinegar). The presents of high level of natural antioxidants in wild raspberry
vinegar produced by spontaneous fermentation was directly linked with high value of antioxidant
potential determined by DPPH radical (0.49 mg/L as equivalent for Vitamin C).

Keywords: wild rasberries, spontanous fermentation, healing vinegars, total polyohenols,

total anthocyanins, antioxidant potenttial, DPPH assay

INTRODUCTION

The first vinegar was obtained by the native fermentation of wine, almost 10.000 years
ago. From then on, its name “vinegar” originates, which comes from the French word “vinaigre”
meaning “sour wine”. After people learned about the properties of vinegar, its production spread
throughout the world. The history of vinegar and its application can be traced back centuries,
through various eras and civilizations. The earliest knowledge of the use of vinegar dates back
more than 10.000 years. Flavored vinegar was produced and sold as a commercial product as
early as 5.000 years ago, namely the Babylonians produced and sold vinegars flavored with fruit,

with a taste of honey and malt until the 6th century. References from the Old Testament and
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Hippocrates indicate that vinegar was used for medicinal purposes for healing wounds.
According to Sung Tse, who attributed the development of forensic medicine in the 10th century
to the Chinese, sulfur and vinegar were used as hand washes to prevent infection. In the United
States, in the 18th century, doctors used vinegar to treat a variety of ailments, including poison
vy, sore throats, stomachaches, fevers, and edema. Vinegar is mentioned several times in the
Bible, and there is an English version of the Bible known as the Vinegar Bible.

In 1717, the Clarendon Press of Oxford published a new edition of the Bible in which the
word "vinegar" was used instead of the word "vineyard," which is why this Bible was called the
Vinegar Bible. In 1778, Durande concentrated vinegar to obtain glacial acetic acid, and in 1814,
Berzelius developed a procedure for analyzing acetic acid. In 1823, Schutzenbuch developed a
vinegar production process known as the generator process, which allows vinegar to be produced
in 2-7 days. In 1955, Hromatka developed a vinegar production process called submerged
acetification, which uses improved aeration and mixing to produce vinegar quickly (Budak,
Aykin, Seydim, Greene, Guzel-Seydim, 2014).

Vinegar production in France began in the 16th century, when vinegar was produced from
grapes for domestic consumption and export, and in England, vinegar was produced from malt
and beer, from where production spread to several countries around the world.

Although vinegar was long considered a fermented product of lower quality than other
fermented products, it has found its place primarily as a food preservative, and in some countries
as a health drink (Gullo & Giudici, 2008).

Fruit vinegars in our country and around the world occupy a special place in the trend of
healthy eating. They have pleasant flavors, attractive colors and aromas, and contain a number of
nutrients that have passed into them during the processing of fruit into vinegar, which is why
today they are one of the most commonly consumed products in everyday and dietary nutrition.
Their characteristic properties are responsible for the range of health benefits they possess and
are considered to contribute to the prevention of various diseases of modern man. The production
of vinegar at home is carried out according to traditional procedures in small quantities.
However, it is considered that the resulting vinegar is of better quality compared to white
industrial vinegar obtained synthetically and commercial fruit vinegars, because in its
production, which is a spontaneous process, no additional ingredients are used except for the

basic raw material, fruit pulp or concentrated natural fruit juice. Another advantage of fruit

111



vinegars obtained by traditional procedures is that they can be produced from organically grown
fruit, which ensures a special quality and healthy product. Worldwide research has shown that
vinegars derived from natural fruit juice or other fermentable raw materials are abundant in
quality nutritional ingredients (Matloob, 2014).

Vinegar is a fermented product from fruit which contains water, acetic acid from 5 - 20%,
small amounts of amino acids, sugars, alcohols and organic acids, and significant amounts of
vitamin C and polyphenols as natural antioxidants. The amount of polyphenols increases during
the process if acetification the ageing of vinegars (Aguiar, Nascimento, Ferretti, Gongalves,
2005; Chochevska et al., 2021; Dogaru, Hadaruga, Trasca, Jianu, C., Jianu, I., 2009; Garcia-
Parrilla, Torija, Mas, Cerezo, Troncoso, 2017; Tesfaye, Morales, Garcia-Parrilla, Troncoso,
2002; Vikas Bhat, Akhtar, Amin, 2014). Aroma and flavor of different vinegars is mainly a
consequence of the traditional method of vinegar production, based on a slow acetification and
aging in oak barrels (Budak et al., 2014; Cerezo et al., 2010; Hidalgo, Estibaliz, Cerezo, Jesus,
2010). One of the most used traditional procedures for vinegar production is Orleans method,
performed commonly at home by using a larger amount of fruits resulting in high-quality
vinegars (Collins, 2014).

Significant research efforts have been focused on antioxidant capacity of traditional and
commercial vinegars such as apple cider, fruit and balsamic, wine and grape vinegars as the most
consumed ones globally (Budak & Giizel-Seydim, 2010; Davalos, Bartolome, Gomez-Cordove,
2005; Dogaru et al., 2009; Galvez, Barroso, Perez-Bustamante, 1994; Heikefelt, 2011; Silva et
al., 2024; Tagliazucchi, Verzelloni, Conte, 2008).

The main object of this study was production of high-quality raspberry vinegars with
spontaneous fermentation and without addition of any starter cultures. The quality of the
produced vinegar was examined by determining physicochemical parameters (pH, dry matter,
total acids and alcohol) as well as determining total polyphenols, anthocyanins and antioxidant

activity determined by DPPH radical (expressed as ascorbic acid equivalent).

MATERIAL AND METHODS
Materials

Chemicals and reagents
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ABTS (2,2'-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid), acetic acid, potassium
chloride (KCI), ammonium persulfate ((NH4)2S20g), a-tocopherol, trolox (6-Hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid), ascorbic acid, and gallic acid were obtained from Sigma,
Fluka, and Merck. Folin-CiocCalteu reagent, iron and vanillin were obtained from Merck,
Germany. The stock solutions were prepared in water and stored at 4 °C, protected from a
daylight. Aqueous solutions were appropriately diluted with double distilled water before being

used as working solutions.

Harvesting and selection of plant material

Home-made raspberry vinegar (Rubus idaeus), produced by spontaneous fermentation
was investigated. The raspberries were collected from the region of Berovo, the east region of
North Macedonia, during the harvesting season (August, September and October, 2024). All
samples were kept in closed sterile bottles at —18 °C. Before the analysis, the samples were kept

at room temperature, centrifuged and filtered.

Production of vinegar from wild raspberries by spontaneous fermentation

The vinegar from wild raspberry was produced by spontaneous fermentation in glass
barrels with a total volume of 5 to 6 liters. The fermentation process was conducted at room
temperature at 21 - 26 °C for a time period of 41 days, excluding the starter cultures and yeasts
for fast fermentation. Spontaneous fermentation includes alcoholic fermentation for 24 days and
spontaneous acetic fermentation, where acetic acid bacteria produce acetic acid, at dark, from
24" till 41st day. Once the acetic fermentation was completed, the vinegars were filtered,
pasteurized for the period of 20 min. at 72 °C, and transferred to airtight containers to reduce the

risk of spoilage (Fig. 1).
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B ol el

Fig. 1. Production and analysis of vinegars from wild raspberries

Methods
The content of alcohol in HMV samples was determined by using a Liebig condenser

according to AOAC Official Method 942.06. Acetic acid, as a major organic acid, was
determined by titration according to AOAC method (Official Methods of Analysis of the
AOAC), 1980, XIII th Edition, 30.071. For the titratable acidity (TA), 10 mL of a sample was
diluted with 20 mL of distilled water and 2 - 3 drops of phenolphthalein indicator were added.
Acids were titrated with 0.1 M NaOH. The formula to calculate total acid (%) is as below:
%T A(acetic acid) = (1 M sol.ofNaoH * 0.6 / vol.of sample (ml)) x 100. The total acids were expressed
as g/L and were calculated using the factor for acetic acid 0.06. The soluble dry matter content
was determined with refractometer (OIR type 32/930050-Bulgaria). pH variation of HMV during
fermentation process was measured by pH meter SCHOTT LAB 850 model. Total polyphenols
(TPs) were estimated by Folin-Ciocalteu reagent reduction to blue pigments caused by phenols
in alkaline solution. Concentrations of total polyphenols were determined using a calibration
curve as (+)-catechin in mg kg ! fresh berry weight (FW) (Wildenradt & Singleton, 1974). Total
anthocyanins (TA) were determined based on the maximum absorbance in the visible range
(536542 nm). They were quantified in mg kg—1 grape FW assuming average absorption of the
raspberry mixture (average MW = 500 Da, € = 18 800 M—1 cm—1 in 70:30:1 ethane:water:HCI
solution) (Lee and Wrolstad, 2004).

DPPH antioxidant assay

Chen and Ho (1995) method was used with slight modifications to determine DPPH free
radical scavenging capacity of dates' vinegar. Concisely, 0.2 ml of sample was added to 3.8 ml
ethanol solution of DPPH radical (0.1 mM). The mixture was left to stand for 30 min in dark

after mixing well by vortex for 1 min. The absorbance of the sample (4 sample) Was determined
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against standard solution of ascorbic acid (Vitamin C) through the UV 160 spectrophotometer at

517 nm (Fig. 2).
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Fig 2. Calibration curve of DPPH radical against standard solution of ascorbic acid (Vitamin C)

RESULTS AND DISCUSSION

The aroma of wild raspberries is more pronounced than some cultivated raspberry species.
This is due to the presence of the acid 3-methyl-3-butanoic acid, which is present only in wild
raspberry varieties (Pichler, 2011). Minerals are important cofactors for enzyme activity, for the
regulation of alkalinity in cells and outside the cells, stimulate the formation of blood cells,
regulate blood pressure and prevent atherosclerosis and manifest a number of other important
physiological functions (Verzelloni, Tagliazucchi, Conte, 2007). The berry fruit accordingly has
a red, pink-violet, purple, and violet-blue color, which is due to the presence of anthocyanins.
The main anthocyanins in blueberries are: delphinidin 3-glucoside, delphinidin-3-galactoside,
cyanidin-3-glucoside, cyanidin-3-galactoside, petunidin-3-glucoside, pelargonidin-3-rutinoside,
malvidin-3-glucoside, malvidin-3-galactoside, in blackberries they are cyanidin-3-glucoside and
cyanidin-3-xyloside, in raspberries they are cyanidin-3-glucoside and cyanidin-3-rutinoside
(Hafzan, Saw, Fadzilah, 2017). Different types of anthocyanins are present in fruit, in different
quantities: in apples from 0-60 mg/100g fresh fruit, in blueberries from 300-698 mg/100g fresh
mass, in blackberries from 82.5-325.9 mg/100g fresh fruit, in raspberries from 20-687 mg/100g.
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Results presented in Table 1 are published in the literature and explain the quality of wild
and domestic raspberries (Akimov, Koltsov, Zhbanova, Akimova 2021; Yu et al., 2022). As can be
seen, raspberries are a rich source of minerals (especially potassium) and vitamins (especially

Vitamin A and C).

Table 1. Nutritional composition of raspberries (Akimov, Koltsov, Zhbanova,

Akimova 2021; Yu et al., 2022)

Composition Vitamins Minerals
(mg/100g) (mg/100g)

Dry matters (%) 7-11 Vitamin C 20 Ca 40
Carbohydrates (%) 8,8 Thiamin Bl 0.02 Mg 22
Sugars (%) 3.5-5.5 Riboflavin B2 0.04 P 15
Sucrose (%) 0.7-3.0 Niacin B3 0.5 K 224
Total acids (%) 0.9-1.8 Vitamin A(UE) 90 Na 10
pH 3.0-3.7

Proteins (g/100g) 0.7

Lipids(g) 0.1

Before the fermentation process began, the raspberries were crushed and turned into a
puree. The chemical composition of the raspberry puree was analyzed and the results presented

in Table 2 were obtained.

Table 2. Chemical composition of raspberry pulp

Fruit pulp Soluble dry | Total acids | pH Total Total phenolic
matter (g/100 | (g/100 mL) sugars compounds
mL) (g/100 mL) (mg/mL)
Raspberries 9,2+0,1 1,17+£0,04 | 3,01 | 7,82+0,1 1,721 £0,49

During the fermentation of raspberries into vinegar, a decrease in the content of total
phenols and anthocyanins was determined. It is believed that the main reason is their adsorption
on yeast cells or due to their condensation reactions with acetaldehyde (Aguiar, Menezes, Rogez,
2013). More precisely, the cells of spontaneously grown strains of Saccharomyces have a greater

tendency to adsorb these molecules than inoculated strains (Coelho, Genisheva, Oliveira,
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Teixeira, Domingues, 2017). Condensation reactions are the reason for the decrease in the
content of aldehydes and anthocyanins during alcoholic fermentation. Losses of anthocyanins
and total phenols are greater during acetic fermentation than during alcoholic fermentation. It has
been noted that the production of vinegar in a semi-piotr plant ensures the production of vinegar
with the highest content of phenols and antioxidant activity (Ubeda et al., 2013). The
polysaccharides, phenolic compounds and proteins present in vinegar production and during
aging undergo changes that include the formation of colored high-molecular fractions —
melanoids (Masino, Chinnici, Bendini, Montevecchi, Antonelli, 2008). It has been established
that aging increases the content of melanoids in vinegar and its reducing power, antiradical
DPPH activity and radical scavenging potential. Data on antioxidant activity support the concept
that melanoids formed during vinegar production may possess health-promoting activity

(Capozzi et al., 2017).

The antioxidant capacity of raspberry fruit pulp was determined by the DPPH method. It
was determined that raspberry puree has an antioxidant activity with a value of 0.601+0.15
mg/mL equivalent of Vitamin C. The lowest sugar content in raspberry samples was 13.33%.
The temperature at which this fermentation took place reached a maximum of 26 °C, which is
the optimal temperature for this type of fermentation (Ferreira, 2004). Namely, it is known that
lower temperature is the cause of slower fermentation, but also obtaining a final product with
better sensory characteristics and overall quality (Heikefelt, 2011), which is a desired and

expected characteristic of fruit vinegars.

In the pulp of raspberries, the acid content gradually increases to 0.72 g/100 mL by the
10th day, and then the growth process is very slow and after 41 days it is only 0.84 g/100 mL.
Namely, according to Tackedhige and Ouchi (1995) yeast invertase is a significant factor in the
regulation of osmolarity and the speed of fermentation. In the pulp of raspberries, the sucrose
content decreases rapidly until the 17th day, after which the changes are very slow or
insignificant until the 41st day (Bakir, Toydemir, Boyacioglu, Beekwilder, Capanoglu, 2016).
The highest content of total phenols during the vinification of raspberry vinegar reached a value
of (0.99 mg/ml). For raspberries in the first phase, a certain increase in the total antioxidant
capacity is observed until the 8th day, and then on the 10th day it significantly decreases. In the

further course of fermentation and after storage, it continuously increases.
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Table 3. Chemical composition of vinegar of wild raspberry produced from
spontaneous fermentation (without starter cultures)

Raspberry vinegar produced from spontaneous
fermentation (without starter cultures)
Dry matter (%) 3.0£0.7
pH 2.9+0.1
Total acids (g/L) 9.0+0.8
Ethanol (% v/v) 4.24 +0.08
Total polyphenols 459.28 £15.28
Total anthocyanins 399.21+21.31
Antioxidant activity determined by DPPH radical (as 0.49+0.09
equivalent of ascorbic acid mg/L)

CONCLUSION

This study evaluated the quality of vinegar from wild raspberries produced by
spontaneous fermentation (without addition of starter yeasts). The results obtained from this
study showed significant amounts of polyphenols (459.28 mg/L vinegar) and total anthocyanins
(399.21 mg/L vinegar) in vinegar from wild raspberries. The presents of high level of natural
antioxidants in wild raspberry vinegar produced by spontaneous fermentation was directly linked
with high value of antioxidant potential determined by DPPH radical (0.49 mg/L as equivalent
for Vitamin C).

Note: The manuscript was presented under the same title as a poster presentation at the
scientific conference "Third conference about medicinal and wild-growing edible plants" in

Pirot, June 26-28, 2025.
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AncrpakT: JIEKOBUTHOT MOTEHIMjaJl Ha JUBUTE MAJIMHM Of pernoHoT Ha CeBepHa
Makenonuja Oerie wcnuTaH MpeKy (epMeHTanuja W MPOM3BOJCTBO HAa JICKOBHUTH OIETH. 3a
MIPOM3BOJICTBO Ha JOMAIIICH OLIET, AUBUTE MAJIMHU Oea cOOpaHH O] ITYMCKHOT peruoH bepoBo u
Po6oBo, Peny6nuka CeBepna Makenonuja. CBe:KuTe AMBU MaJIMHU Oea CENEeKTUPaHH, H3MHCHH,
cymenu u ucutHetu. Okony 1400 r nuBu ManuHM Oea MOIJIOKEHH Ha MPOIIeC Ha Malrepaliija Bo
nepuon on 1-3 munytn. Bo 0BOj mepumon, Oeimie H3BPIICH MPOIECOT HA EKCTpakKiHja Ha
MPUPOJHA AHTHUOKCUIAHCH KaKO MONMH(EHOIN (aHTOIMAHWHH, TAHWHU, MPOAHTOIVMjaHHUINHU),
KaKO Y OPTaHCKU KUCEIUHU, BUTaMuH L[ 1 apyru npupoanu anTrHokcunancu. [lupeto on Manuau
moToa Oemre TUCTpUOyHpaHO BO CTAKJICHU CAOBH 011 5-6 muTpu u Oea nonajaeHu 4,8 muTpu Boja
u 500 r caxapo3sa. [Ipomecor Ha pepmenTanmja 6erre cripoBeieH Ha COOHA TeMreparypa, moMery
21 n 26°C, Bo BpemeHCkH nepuoa oA 41 neH BO OTCYCTBO Ha CTapTep KYJITYpH Kako KBacIH U
Oakrepun Ha ouerHa KkucenuHa. OTkako 3aBpmu orerHata ¢epmeHtanuja (41 nen),
eKCIIEpUMEHTAITHUTE O1eTH Oea (uirpupanu, macrepuzupanu (15 mua Ha 80°C) u npedprieHn,
O] ACENTUYHU YCIIOBH, BO CTaKJIEHH XepMeTuuku canoBu oA 100 mL 3a na ce Hamanu pu3MKOT
0Jl MUKpPOOHOJIOIIKa KOHTaMuHaIMja. Pesynaratute mobueHu oj eBaimyanujaTa Ha OLIETOT O
VB MaJIMHM TIOKa)kaa 3HAUYMTENTHU KoJndecTBa Ha noiudenonu (459,28 mg/L ouer) u BKynHH
agrormjanuad (399,21 mg/L  omer). IIpucycTBOTO Ha BHCOKO HHBO Ha MPUPOJIHH
AQHTUOKCHUJIAHCH BO OIIETOT OJI JWBH MaJIMHHM TPOU3BEIEH CO CIOHTaHa (epMeHTanuja Oere
JUPEKTHO MOBP3aHO CO BHCOKATa BPEIHOCT HAa aHTUOKCHUIAHTHHUOT MOTEHIIMjall OMPENEICH CO

DPPH paaukan (0,49 mg/L xako ekBuBajeHT 3a BUTaMuH C).

Kayunu 300poBu: 11MBH MaluHU, COpOHTaHa (epMEeHTalllja, JEeKOBUTH OLETH, BKYITHU

noauQeHoNu, BKYITHH aHTOIMjaH!, aHTHOKcuaaTuBeH norenujan, DPPH tect

BOBE/]]
Co HaruBHaTa ¢epMeHTaIMja Ha BUHOTO € JOOMEH MPBUOT OIET, YIITE MPEI peUrucH

10.000 rommuu. Op Toram MOTEKHYBa M HETOBOTO HME ,vinegar®, Koe IpOou3JeryBa O
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dbpanIycKuoT 300p ,,vinaigre® mrTo 3Ha4YM ,,kuceao BHHO. OTKako JyreTo TH 3aro3Hae
CBOjCTBAaTa Ha OLIETOT HErOBOTO MPOM3BOJCTBO C€ PALIMPUIIO IIUPYM cBeToT. McTopujata Ha
OILIETOT U HEroBaTa MpUMEHa MOKe JIa Ce CJIeU HU3 BEeKOBU, HU3 PA3HUTE €MOXU U ITMBUIIH3AIIHH.
Hajpanute co3Hanuja 3a ynorpebara Ha OIETOT gatupaar of mpexa noseke oa 10.000 roxunu.
ApomMaTtusupaH oneT OW Ipou3BenyBaH U MPOAaBaH Kako KOMEpLHjaJieH MPOU3BOJ YIITE MPEJ
5.000 roguHu, UMeHO BaBuioHIMTE NpoW3BEeAyBaje W MPOJAABaJE OLETH APOMATH3UPAHH CO
OBOIIIje, CO BKYC Ha MeJl U ManT ce 10 6. Bek. Pedepenu oq CrapuoT 3aBeT u 01 XHUIIOKpAT
YKa)XyBaaT JIeKa OIETOT € KOPUCTEH BO MEIUITMHCKH IIEJIH 3a 3a1riellyBamke Ha panu. Cropen Sung
Tse koj pa3Bojor Ha cyackara meauinmHa Bo 10 Bek, uM ja mpunumryBa Ha Kunesute
ynotpedyBan cyiadyp M OLET Kako CpPeICTBO 3a MHUEHE Ha palere co Led Ja Ce CIpeyu
unoekja. Bo CAJl Bo 18. Bek Jiekapure ro KOpPHUCTEIE OLETOT 3a TpeTHpame Ha MOBEKe
3a0onyBama BKIYYYBajKU TPyeHE CO OpIUIeH, OOJKH BO TPIOTO, CTOMAuHU OOJKH, BHCOKA
temreparypa u enema. OLIETOT HEKOJKY IMaTh ce CIoMeHyBa M Bo bubnujara, a moctou u
aHTJIMCKa Bep3uja Ha bubnujara mo3nara kako bubnuja Ha OLeToOT.

Nmeno Bo 1717 rox. m3naBaukata kyka Kmapenmumon Ilpec ox Okcdopa mymTuna Bo
npopax06a HOBO wM3maHue Ha bubnujata Bo Koja Hamecto 300poT ,vineyard“ (io3je-Ha
AHTJIMUCKH), OMJI UCKOPUCTEH 300poT ,,vinegar* (OlleT-Ha aHTJIMCKW) MOopaau mTo oBaa bubmnuja
Owrta HapeueHa bubnmja Ha omeroT. Bo 1778 Durande ro KoHIIEHTpUpa OLETOT 3a Ja 100ue
rianyjagHa oneTHa kucenuHa, a Bo 1814 rom Berzelios pa3Bun mocramka 3a aHanm3a Ha
ouerHara kucenuHa. Bo 1823 rox. Schutzenbuch ja pa3Bun mocramkara 3a H00HMBame OIET
MO3HaTa KaKo TeHEpaTop Mpoliec KOj OBO3MOXYBa OIIETOT Ja ce aodue 3a 2-7 neHa. Bo 1955
ron. Hromatka pa3Bwir mocramnka 3a qoOuBame OIeT HapeueHa cyOmep3Ha anerudukaiyja Koja
KOPHCTH MO00peHa aepaliija u Meliame co 1en 6p3o aa ce qodue ouet (Budak, Aykin, Seydim,
Greene, Guzel-Seydim, 2014).

[TpousBoacTBOoTO Ha omer Bo PpanHmnuja 3amoyHaio Bo 16. Bek kora oj rposje Oui
MIPOM3BEJICH OIET 3a IOMAIITHa TOTPOITyBayKa, HO U 32 U3B0O3, a BO AHTJIM]a OIET OMII TOOUEH O]
ClIaJ] ¥ IUBO, O] KaJie MPOU3BOJICTBOTO CE MPOIIUPHIIO BO TIOBEKE 3€MjU HU3 CBETOT.

Nako 3a o1eToT I0JIro ce CMeTalo Jieka € (hepMEHTUPAH MPOU3BO CO TOHU30K KBAIUTET
0]l ocTaHaTtuTe (epMEHTHPAHH MPOU3BOIU CETaK TOj IO HAIION CBOETO MECTO MPBEHCTBEHO KaKO
J0JIaTOK 332 KOH3E€PBUpAKkE HAa XpaHa, a BO HEKOW 3eMju | Kako 3apaB nujanak (Gullo & Giudici,

2008).

125



OBoNIHUTE OIETH Kaj HAC M BO CBETOT 3a3eMaar MoceOHO MECTO BO TPEHJOT Ha 3/paBara
nucxpana. Tue moceayBaaT MPUJaTHH BKYCOBH, MPUMaMJIMBA OOM M apoOMH, W COJp)KAaT HHU3a
XpaHJIMBU MaTepUU KOU MPEMHUHANIC BO HUB BO TEKOT Ha MpepadoTKaTa Ha OBOIIjETO IO OIET,
Mopajy INTO JCHEC Ce €AHHM OJf HAajuecTO KOH3yMHpAHUTE MPOM3BOAM BO CEKOjIHEBHATA H
TUETEeTCKa HucXpaHa. HUBHUTE KapaKTEpUCTHYHH OCOOMHHM C€ OITOBOPHM 3a HH3aTa
31paBCTBEHUTE OCHE(PUTH KOU TH TIOCEIyBaaT U Ce CMeTa JieKa MPHUIO0HECYBaaT BO NMPEBEHIIMjaTa
Ha pa3HH 3a00JTyBamka HA COBPEMEHHOT YOBEK.

[Tpou3BOACTBOTO Ha ONET BO JOMAIIHU YCJIOBH C€ HU3BEIyBa IO TPaJAUIHOHATHU
MOCTanKK BO MayM kKosimuecTBa. Ho, ce cMera meka JOOMEHHOT OIET € CO Mo100ap KBaJIUTET BO
cropenda co OETMOT MHAYCTPUCKH OLIET TOOMEH IO CHHTETCKHU MaT U KOMEPIH]jaTHUTE OBOIIIHH
OIIETH, 3aTOa WITO TMPU HETOBOTO MPOM3BOACTBO, KO€ € CIIOHTaH MpOIeC, HE CE€ KOPHCTECHU
HUKAKBU JIOTIONHUTEIIHH COCTOJKM OCBEH OCHOBHATa CypOBWHA, OBOIIHA IyJNa WA
KOHIICHTpUpAH TPHUPOJIEH OBOIICH COK. Jlpyra MpemHOCT Ha OBOIIHHUTE OILETH JOOHUEHHU IO
TpagUIIMOHAIHA TTOCTANKa € M Toa JIeKa THe MOXKe Ja OuaaT MpOW3BEIyBaHHU OJ OPTaHCKH
OArJenaHo oBollje, ImTo o00e30enyBa eIeH IMOce0eH KBAJUTET U 3/paB  IMPOU3BOJ.
HcTtpaxxyBamaTa BO CBETCKU paMKH, MMOKAXKAIE JeKa OIETH JOOMEHH O] MPUPOJICH OBOIICH COK
unu apyra QgepMeHTaOWiIHa CypOBHHA H300MIIyBaaT CO KBAJUTETHU HYTPUTHBHU COCTOJKH
(Matloob, 2014).

Omnetor e pepMeHTHPAH TIPOU3BOJ] OJ] OBOIIj€ KOj COAPKHU BOJA, OIETHA KHCEIUHA Of 5
10 20%, Many KOJIMYMHU Ha aMUHOKHUCEJIMHU, IIEKEPH, AJIKOXOJIM U OPraHCKU KUCEIUHU, KaKO U
3HAUUTEJIHW KOJWYMHU Ha BUTaMUH 1| W mommdeHonmn Kako TPUPOAHH AHTHOKCHIAHCH.
Konnumnata Ha monumdeHonM ce 3rojemMyBa 3a BpeMe Ha MPOIECOT Ha aneTrudukamnuja Ha
cTapeemeTo Ha o1eToT (Aguiar, Nascimento, Ferretti, Gongalves, 2005; Chochevska et al., 2021;
Dogaru, Hadaruga, Trasca, Jianu, C., Jianu, L., 2009; Garcia-Parrilla, Torija, Mas, Cerezo,
Troncoso, 2017; Tesfaye, Morales, Garcia-Parrilla, Troncoso, 2002; Vikas Bhat, Akhtar, Amin
2014). Apomara U BKYCOT Ha pa3IMYHUTE OLETH CE IJIABHO IMOCJICANIA HAa TPATUIMOHATHUOT
METOJl Ha MPOM3BOJACTBO Ha OIET, Oa3upaH Ha OaBHa aneTu(UKAIMja U CTapeeme BO JabOBU
Oypuma (Budak et al., 2014; Cerezo et al., 2010; Hidalgo, Estibaliz, Cerezo, Jesus, 2010). Enna
0J1 HQJKOPUCTEHUTE TPATUIIMOHAIHH TIPOIIEIYPH 3a MTPOU3BOJCTBO Ha oIeT € MeToaoT OpIeaHc,
KOj HaJueCcTO ce M3BEayBa JOMa CO yrnoTpeOa Ha rmorojieMa KOJWYWHa OBOIIIje, IIITO PE3YJITHPaA CO

BrucokokBanuteTau oretu (Collins, 2014).
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3HaYajHU MCTPAKYyBAYKH HANOpW ce (POKYCHpaHHW HA aHTHOKCHJIAHTHHOT KallallUTeT Ha
TPAAUITMOHATHUTE ¥ KOMEPIMjATHUTE OIETH KakKo INTO ce jabOJKOB, OBOIIEH M 0aJcamHKo,
BUHCKM W TPO3JIOB OLET Kako HajkoH3ymHupanu riobamHo (Budak & Giizel-Seydim, 2010;
Davalos, Bartolome, Gomez-Cordove, 2005; Dogaru et al., 2009; Galvez, Barroso, Perez-
Bustamante, 1994; Heikefelt, 2011; Silva et al., 2024; Tagliazucchi, Verzelloni, Conte, 2008).

I'maBHaTa menm Ha oBaa CTyJuja Oemie MPOU3BOJCTBO HA BUCOKOKBAJIMTCTHH MAaJTMHOBU
OLIETH CO CHOHTaHa ¢epMeHTanuja U 0Oe3 JoAaBamke Ha KakBU OWJIO crapTep KyJITYypH.
KBanuTeToT Ha MPOW3BEACHHUOT OLET O€IIe MCIUTAaH CO ONpeAeNyBame Ha (HU3MUYKO-XEMHUCKH
napamrtepu (pH, cyBa MaTepuja, BKYITHU KUCEIMHU U aJIKOXOJ1) KaKO M OTpe/IeITyBamke Ha BKYITHH
nonud)eHOIM, AHTOIMjaHW ¥ AaHTUOKCHJATHBHA aKTUBHOCT opezaeneHa co DPPH pammkan

(M3pa3eH KaKko €KBUBAJICHT Ha aCKOPOMHCKA KUCEIHHA).

MATEPUJAJIA 1 METOIN
XeMHMKaJIUU U peareHcu

ABTS (2,2'-a3uH0-0mc  (3-eTmiiOeH3UTHA30MMH-0-CyIDOHCKA  KHCENWHA), OlLeTHA
kucenmnHa, kamuyM xyopun (KCI), amonnym niepcyndar (NH4)2S208), a-Toxodepod, TpoIoKce
(6-xunpokcu-2,5,7,8-reTpaMeTHIIXpOMaH-2-KapOOKCHITHA KHUCEIHNHA), aCKOPOMHCKA KHCETHHA U
rajiHa kucenuHa Oea noouenu ox Sigma, Fluka m Merck. OcHOBHHTE pacTBOpU Oea MOATOTBEHH
BO BoJa M ckiamupanu Ha 4°C, 3alITHTEHW O] JIHEBHA CBeTiAWHA. BomHurte pactBopu Oeca
COOJIBETHO pa3peliecHH CO JBOJHO JECTHJIMpaHa BoJa Mpei Ja ce KOpPUCTAaT Kako paboTHHU

pacTBopH.

bep0a u ceslekumja Ha pacTUTEJIeH MaTepujaJl

HUcnuran e pomamien omer oA ManuHa (Rubus idaeus), TpOW3BEACH CO CIIOHTaHA
¢depmenTanuja. Manunute 6ea coOpaHu ol pernoHOT Ha bepoBo, ucrounnot peruon Ha CeBepHa
Makenonuja, 3a BpeMe Ha ce3oHara Ha OepOa (aBryct, centeMBpu M OKTOMBpH 2024. roauHa).
Moctpure 3a ananmu3u Oea u30paHM 3a BpeMe Ha NEPUOAOT HA AaJKOXONHA M OLETHA

dbepmeHTanuja, T.€., BO TeKOT Ha 2-pH, 4-TH, 6-TH, 8-Mu, 10-TH, 24-TH, 31-BU U 41-BU JeH OA

127



dbepMmeHTanMjaTa U Mo 2 MeECEIW; CUTE NpUMepolnHu Oea YyBaHH BO 3aTBOPEHU CTEPIIHH
mumumka Ha —18 °C. Ilpen anmanumzara, mpuMeporuTe Oca 4yBaHM Ha cCOOHa Temrmeparypa,

HEHTPUPYTHPAHH U PUITPUPAHU.

HpOH3BO}ICTBO Ha OBOLIICH OLET 01 TUBH MAJIMHHA

JloMamrHUOT O1eT o MajruHa Oerle MPOor3BeIeH CO ClIOHTaHa (hepMEeHTaIHja BO CTAKJICHU
Oypuma co BKyNeH BolyMeH of 5 10 6 nutpu. [Iporecor Ha ¢pepMeHTaimja Oerre cripoBeieH Ha
cobna Temmeparypa o1 21 — 26 °C Bo BpemeHcKkU nepuos ox 41 neH, co UCKIy4YOK Ha cTapTep
KYJATYpUTE U KBacIuTe 3a Op3a ¢pepmenTamnuja. CrioHtanara epMeHTaImja BKIyqyBa aIKOXOJIHA
dbepMmeHTaIja BO Tpacwke 01 24 JIeHa U CIIOHTaHa OlleTHa ¢epMeHTaIr]a, Kaje MTOo OaKTepuuTe
Ha OLIETHA KHCEJIMHA MpPOM3BEAyBaaT OIETHA KUCEIMHA, Ha TeMHO, ol 24-tu 10 41-Bu jeH.
Ortkaxo Oerrie 3aBpIeHa oneTHara pepMeHTaluja, oueTuTe 6ea GUIATpUpaHu, MacTepu3upPaHu BO
nepuoa ox 20 munytu. Ha 72 °C u npedpieHH BO XEPMETUYKH 3aTBOPEHH CaJOBH 3a Ja CE

HaMaJli PU3UKOT O] pacuityBame (cnuka 1).

Crnuka 1. [Ipon3BoACTBO M aHAIHM3HW HA OLIET OJ JUBU MaJTHHHI

Metoan
ConpxxuHaTa Ha ajJKOXOJ BO MPHUMEPOIIMTE O] OIET OJf MajuHa Oelie ompejaesieHa Co

ynoTpeba Ha koHaeHzaTop Liebig cnopen odumnujanamor meton 942,06 nva AOAC. OmnerHaTa
KHCEJIMHA, KaKO IJIaBHA OpPraHCKa KHUCENHHA, Oelle OmpeseseHa co TUTpalfja CIopel] METOIOT
AOAC (Odummjanman metonu Ha anamm3a Ha AOAC), 1980, XIlI-to msmanue, 30,071. 3a
tutpanmona kucenoct (TA), 10 mL ox mpumepokot Gerie pa3peacHa co 20 mL mectuiupana

Bojia 1 Oea momaneHu 2-3 kanku uHaukarop denondranend. Kucenunure 6ea tutpupanu co 0,1

128



M NaOH. ®opwmynara 3a mpecMeTyBambe Ha BKymHata KucenuHa (%) € Kako IITO CcliedyBa:
%TA(Ouerna kucenuna) = (1 M con. ox NaOH - 0,6 / Bon. ox mpumepokot (ml)) x 100.
Bxymnuute kucenuuu 6ea u3paseHu kako g/L u Oea mpecMeTaHu CO KOPUCTEHE Ha (PaKTOPOT 3a
ouerHa kucenuna 0,06. CoxpkuHaTa Ha pacTBOpJIMBa CyBa MaTepHja Oelie ompezeneHa co
pedpakromerap (OIR tum 32/930050-byrapuja). Bapujanujata na pH Bpegnocra na HMV 3a
BpeMe Ha TporiecoT Ha ¢epmenTanuja 6eme nzmepena co pH merap SCHOTT LAB 850 monen.
Bxymnuute nonudenonu (TPs) 6ea npoueneTu co penykiyja Ha pearencotr @onun-Yuokantey 10
CHHM NMUTMEHTHU NPEIU3BUKAaHU 0] (HEHOIHN BO ajKaleH pacTBOp. KoHIIEHTpaluuTe Ha BKYITHUTE
nonudeHon 6ea ONpeeIieHn CO KOPUCTEHhEe Ha KaInOpalucka KpuBa Kako (+)-KaTeXuH BO mg
kg—1 Ttexuna Ha cBexxu OoO6uHkM (FW) (Wildenradt & Singleton, 1974). Bxkymaute
anTouujanuuu (TA) Oea ompeneneHu Bp3 OCHOBA Ha MaKCHMajHaTa arcopIiyja BO BHIJTUBUOT
orcer (536542 nm). Tue Gea kBanTuuMpanu Bo mg kg—1 FW Ha rposje, npernocraByBajku
MPOCEYHa arcopriyja Ha MemaBuHaTa o ManuHu (mpoceuna MW = 500 Da, € = 18 800 M—1

cm—1 Bo pactBop ox etan:Boga:HCI 70:30:1) (Lee et al., 2004).

DPPH Tect 3a onpeejiyBambe HA AHTHOKCHIATUBHA AKTUBHOCT HA OLET 0 MAJIMHA

Meronor Chen u Ho (1995) Geme xopucTeH co Manu MoauduKanuy 3a Ja ce yTBPAU
kanaruteToT Ha DPPH 3a orcTpanyBame Ha cio00HU pauKaiy o1 YPMUHUOT oret. HakpaTko,
0,2 ml ox mpumepokoT Oemre noxaneH Bo 3,8 ml pactBop ox eranon Ha DPPH panukan (0,1
mM). Cmecara Oemie ocraBeHa 1a oTcTou 30 MUHYTH BO TEMHHUIIA OTKAaKO 10OpO ce MemIalie co
BPTJIOKEH BO3AyX | MHUHyTa. ATCOpHijaTa Ha MPUMEPOKOT (A MpuUMEpoK) Oerie onpeseneHa
BO OJHOC Ha CTaHJApIHU PACTBOPEHH O] ackopOwHCKa kucenuHa (ButamuH L[) mHa UV 160

cnektpodoromerap Ha 517 nm (cnuka 2).

129



Gl

S0 4 Vv=1821x-0.755
R = 0,994

40
an 4

20 4

[] T T T 1
] | 2 3 4
ACKOPOIHCE EICeTmHa (gL )

"o DPPH peTvImpaH

Crmuka 2. Kamubparnmona kpua Ha DPPH pamukaiioT co ackopOuHCKa KUCeTrHa KaKo CTaHaap

PE3VJITATU N JUCKYCHUJA

Apomara Ha TMBUTE MaJIMHH € MMOU3pa3eHa OJ] HEKOW KYJITUBUPAaHHU BHIOBH MaanHH. OBa
ce OJDKM Ha TPUCYCTBOTO HA KHCEIHWHATA 3-METWII-3-OyTaHOMYHA KHCEIIMHA, KOja € MPUCYTHA
camo kaj amBute coptu ManuHu (Pichler, 2011). Munepanute ce BakHH KO(QaKTOpU 3a
€H3MMCKaTa aKTUBHOCT, 32 PETyJIUpamke Ha allKaTHOCTa BO KIETKUTE M HAJBOP O]l KJIETKUTE, TO
CTUMYJIUpaaT (OPMHUPABETO HA KPBHU KIIETKH, IO PETYIMPAaT KPBHUOT MPUTHCOK U CIIpedyBaar
aTepockiiepo3a u Mmanudectupaar royiem 6poj apyru Baxkau ¢uzuonomku Gynkiuu (Verzelloni,
Tagliazucchi, Conte, 2007). I[ImogoT ox 600MHKaTa COOBETHO MMa LIPBEHA, PO30BO-BHOJIETOBA,
BHOJICTOBA M BUOJIETOBO-CHHA 00ja, IITO ce JOJHKH Ha MPUCYCTBOTO HA aHTOLMjaHUHU. | TaBHUTE
AHTOIIMjaHUHU BO OOPOBUHKHUTE ce€: NeNPUHUIUH 3-TUIYKO3UA, AcH(PUHUANH-3-TaTaKTO3MUI,
[IUJaHUIUH-3-TIYKO3U/I, ITUjaHUINH-3-TATaKTO3U/, TETYHUIAUH-3-TIYyKO3U/ I, TeIaproHHUINH-3-
PYTHHO3U[, MaJIBUIUH-3-TIYKO3H/I, MATBUINH-3-TalaKTO3U/l, Ka] KallMHUTE TOA CE IIMjaHHIUH-
3-TIyKO3uA M LMjaHUAWH-3-KCHJIO3WJ, Kaj MaJWHUTE TOa C€ IMjaHUAMH-3-TIYKO3UJ H
nujaauauH-3-pytunosun (Hafzan, Saw, Fadzilah, 2017). Paznuuan BUAOBH aHTOLMjaHUHU CE
MPUCYTHH BO OBOIIJE€TO, BO Pa3IMUYHU KOJWYWHU: Kaj jabomkara ox 0-60 mg/100 g cmexo
oBoije, kaj 6opoBuHKuTe 01 300-698 mg/100 g cBexxa maca, kaj kanuHure of 82,5-325,9

mg/100 g cBexo oBoje, kaj manuauTe o 20-687 mg/100 g.

Bo Ttabenmara 1 ce mpe3eHTHpaHM pe3yiTaTUTE MyOJMKyBaHH BO JUTEpaTypara 3a

KBaJIUTETOT HA AUBHTE U TuToMuTe Karmuau (Akimov, Koltsov, Zhbanova, Akimova 2021; Yu et
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al., 2022). Kako mTo Moxe aa ce 3a0elexu, MaJuHUTE ce OoraT W3BOp Ha MUHEpaIH (IOCeOHO

KaJIMyM) ¥ BUTaMUHHU (11oceOHo BuTamuH A u 11).

TaGena 1. Hyrputusen cocras Ha manunau (Akimov, Koltsov, Zhbanova,

Akimova 2021; Yu et al., 2022)

CocraB Buramuan (mg/100g) Munepanu
(mg/100g)

Cysa maca (%) 7-11 Bumamun C 20 Ca 40
Jarmexunpatu (%) 8,8 Tuamun Bl 0,02 Mg 22
lekepu (%) 3,5-5,5 Pubogprasun B2 0,04 P 15
Caxapo3a (%) 0,7-3,0 Huayun B3 0,5 K 224
Kucemnau (%) 0,9-1,8 Bumamun A(ME) 90 Na 10
pH 3,0-3,7
IIporennu (g/100g) 0,7
Jlunan(g) 0,1

[Ipen na 3amo4He MporecoT Ha (pepMeHTaIHja, MATUHUTE Ce 3TMEYEHU U MPETBOPEHU BO
nupe. AHAIM3UPAH € XEMUCKHOT COCTaB Ha MHUPETO OJ MAJUHHUTE U JIOOWEHU ce pe3yiTaTuTe

MPE3eHTHPaHU BO Tabena 2.

Tabena 2. XeMHCKU COCTaB Ha ITyJITNA O] TWBa MaJliHA

OBomrHa PacTBopiuBa BxynHu pH BxynHu BxynHu

myJima CcyBa Maca KHUCEIINHU mekepu (henonun
(g/100 mL) | (g/100 mL) (g/100 mL) (mg/mL)

Manwan 9,2+0,1 1,1740,04 | 3,01 7,82+0,1 1,721 +0,49

Bo Texor Ha (depmeHTanMjaTa Ha MaJIMHUATE JO OIET YTBPJACHO € HaMalyBamke Ha
coapkHaTa Ha BKymHH (peHonum u anTounujanu. Ce cMmeTa Jeka TJlaBHATa NMPUYMHA € HHUBHATA
aJicopmiyja Ha KBACOYHUTE KICTKA WIA TOpaJd HUBHU pEaKIMU Ha KOHJCH3alWja Co
aneranaexunotr (Aguiar, Menezes, Rogez, 2013). IlonpenusHo, Aeka KIETKUTE Ha CIOHTaHO
pa3BHEHUTE COEBH Ha Sacharomyces WMaaT TOrojieMa TEHJEHIM]ja Ja TH aJcopOupaar OBUE
MOJIEKYJTH OTKOJIKY uHOKyHupanute coeBu (Coelho, Genisheva, Oliveira, Teixeira, Domingues,
2017). PeakuuuTe Ha KOHJEH3aIHMja c€ MPUYMHA 32 HAMATYBamkhe HA COAP)KUHATA HA AJICXUIUTE
Y aHTOIMJaHWTE TPH AJIKOXOJHaTa (epMeHTaluja. 3aryOuTe Ha aHTOLMjaHUTE W BKYIHHUTE
(deHonM ce morojeMu Mpu oreTHaTa (epMeHTaIja OAKOJIKY MPH aJKOXoJHaTa. 3a0enekaHo e
JIeKa MPOU3BOJICTBOTO HA OLET BO IMOJY-ITHOT MOCTpOjka 00e30emayBa noOWBame Ha OIET CO

HajBUCOKa COApXMH Ha (eHomn u aHTHokcunmatuBHa akTtuBHOCT (Ubeda et al., 2013).
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[TpucyTHUTE MONMMCcaxapuau, HEHOTHH COCIMHEHUja U MPOTCHHU IPH JOOMBAKETO HA OIETOT
M BO TEKOT HAa CTapeeHETO MPETPIyBaaT NMPOMEHH KOW BKIIydyBaaT J0OMBame Ha OOOCHH
BHUCOKOMOJIEKynapHu  ¢pakiuu—menanouau (Masino, Chinnici, Bendini, Montevecchi,
Antonelli, 2008). YTBpIeHO € eKa CO CTapEeHETO Ce 3roJieMyBa COIPKMHATA HA METAHOUIN BO
OIICTOT M HEroBaTa peayKTUBHA MOK, aHTHpaaukaiHata DPPH akTUBHOCT u moTeHIMjaIoT 3a
JoBewe paaukanu. [lomaTonuTe 3a aHTHOKCUAATHBHATA aKTUBHOCT TO MIOTKPEITyBaaT KOHIICTITOT
nexka (GOpMUPAHUTE MENAHOWAM BO TEKOT Ha JOOWBAKHETO HA OIETOT MOXeOUW MocemyBaat

aKTUBHOCT KoOja ro mormnomara 3zapasjero (Capozzi et al., 2017).

AHTHOKCUAATUBHUOT KallallUTET Ha OBOIIHHUTE MyJmna ojJ MajluHa € oapeneH co DPPH
MeTOJl. YTPIECHO € JeKa MUPETO Off MaJliHA UMa aHTUOKCHUJATHBHA aKTUBHOCT CO BPEIHOCT OJ1
0,601+0,15 mg/mL exBuBanenT Ha ButamuH I[. HajHucka compxuHa Ha MmIekepu BO
npuMeponure oj ManuHu u3Hecysamie 13,33%. Temmeparyparta mpu Koja ce OJBMBAlle OBaa
¢depMenTanuja 1octurua HajMHory 26 °C, mro npercTaByBa OINTHUMaliHa TEMIIEpaTypa 3a OBOj
Bun ¢epmentanuu (Ferreira, 2004). MMeno, mo3HaTto € Jeka MOHHUCKaTa TeMIeparypa €
npuyrHa 3a mobaBHa epMeHTaIM]ja, HO M IOOMBAmkE Ha KPaeH MPOU3BOJ] CO MOA0OPH CEH30PHHU
kapakTepuctuku u ceBkyneH kBanureT (Heikefelt, 2011), mro e mocakyBaHa M odeKkyBaHa

KapaKTCPUCTHUKA HAa OBOIIHUTC OLCTHU.

Bo nynnara Ha manuuute 10 10-THOT AEH MOCTENEHO Ce 3rojeMyBa COJIp)KMHATAa Ha
kucenmunu a0 0,72 g/100 mL, a moToa mporiecoT Ha MOpacT € MHOTY crop u 1o 41 neH Taa
m3HecyBa camo 0,84 g/100 mL. Mmeno cmopen Tackedhige m Ouchi (1995) kBacounara
WHBEpTa3a € 3HadyaeH (akTop BO peryjanuMjata Ha OCMOJapHOCTa W Op3uHaTa Ha
¢depmenTanujata. Bo mynmnarta ox ManuHUTEe COAp)KMHATA Ha caxaposa ce HamainyBa Op3o a0 17-
THOT 1O WTO 0 41-0T JIeH MPOMEHHUTE ce MHOTY CHOpH Win He3HauuTenHu (Masino, Chinnici,
Bendini, Montevecchi, Antonelli, 2008). Hajromema coapkuHa Ha BKyITHU ()€HOJIM BO TEKOT Ha
BUHH(UKAIM]ja HA OLETOT O] MaIWHHU aocturHa BpenHocT on (0,99 mg/ml). 3a manuHUTE BO
npBara ¢a3za ce 3abenexyBa U3BECHO 3rojieMyBambe Ha BKYMHHOT aHTHOKCUIATUBEH KamaluTeT
1o 8-0T 1eH, 3a 1moTtoa Ha 10-0T JeH 3HAYUTENHO Ja ce HaMand. Bo MOHaTaMOIIHUOT TEK Ha

(dbepMeHTanrjaTa 1 Mo CKIaUpameTo KOHTHHYUPAHO CE 3T0JIEMYBa.
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Tabena 3. XeMHCKH COCTaB Ha OLIET O IUBU MAJIMHU TOOHUEH CO CIIOHTAaHAa

dhepmenTarija
OrieT o1 AUBYA MaJIUHA
Cyga matepuja (%) 3.0£0.7
pH 29+0.1
Bxynnu kucenunu (g/L) 9.0+£0.8
Eranon (% v/v) 4.24+0.08
Bxkymau nonudenonu 459.28 + 15.28
BxynHu anTonujaHu 399.21+£21.31
AHTHOKCHUIATUBHA aKTUBHOCT OMpeesieHa CO 0.49+0.09
DPPH pamukan (n3pazeHa Kako eKBUBaJICHT Ha
acCKOpOWHCKA KHCENIHHA)

3AKJIYYOK

Bo 0Boj Hay4eH Tpy. € MpoydyBaH KBAJUTETOT Ha OLET OJ] IUBU MAJIMHU IPOU3BEICH CO
cioHTaHa QepmeHTaiyja (0e3 ynmorpeba Ha craprep KynTypH). Pesynrature noOueHu ol 0BOj
TPy MOTEHLMPAAT 3HAYUTEIHO KOJMUYECTBO Ha moiudenonu (459,28 mg/L vinegar) u BKYITHHU
aaTorujanu (399,21 mg/L vinegar) Bo omneroT oa AWBU MajduHU. Hajroiremo Konmm4ecTBO Ha
NPUPOIHN aHTHOKCHJIAHTH O] KalaTa oJ] INBU MAJIMHU CEe EKCTpaxupa U IIOMHHYBA BO OLIETUTE.
OBa BHCOKO KOJIMYECTBO Ha NMPHUPOJHU AHTHOKCHUIAHTH BO OLIETOT OJf JUBU MAJIMHU € CHIIHO
KOpEJIMpaHO CO BUCOK aHTHOKCHAATHBEH NoTeHuujan ompenenes co DPPH panukan (0,49 mg/L

M3pa3eH KaKo eKBUBAJIEHT Ha BUTaMuH L).

Hanomena: Pakomucor Oemie npe3eHTHpaH IOJ MCT HACIOB KaKO IpEe3eHTalMja Ha
Hay4yHata KoH¢epeHuja , Tpera koH(depeHIMja 3a JIEKOBUTH M IUBOPACTEUKU jaJIMBH
pactenuja‘ Bo rpagot [lIupot, ox 26 mo 28 jynu 2025 roguna.

Baarogapuocr: Co 0BOj HaydeH TpyJ HCKaxyBame OmarogapHoct no DoHAOT 3a
MHOBALlMM W TEXHOJIOIIKKA pa3Boj Ha PemyOnmka CeBepna MakenoHuja 3a (UHAHCUpAmkE Ha

UCTPAXKYBabETO.
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