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PE3IOME

CypoBaTkata OT KO3€ MMSKO €
WHTepecHa 3a notpebutenute Ha
30paBOCIOBHA M (DYHKUMOHANHa XpaHa.
XpaHutenHata CTOMHOCT Ha
cypoBartkara, no-gobparta ycBosieMOCT Ha
npotTemHa OT Ka3euwHa, y4yacTueto B
aKTMBMPAHETO Ha WMyHHaTa CcucTema,
OakTepyuUMOHNTE XapaKTEPUCTUKKU, KaKTO
N MONOXWUTENHOTO  BfUSIHUE  BBLPXY
WHXMOMPAHETO Ha anepruyHnTe peakumm

npaBaT Tasn HanuMTKa TbpceHa Ha
nasapa. MneyHuTe WHAYCTPUMU, KOWUTO
npoussexaat ronsiMo KONMYeCTBO

cypoBaTka, TpsabBa Oa BbBegaTt npolecu
3a Bb3CTAHOBSIBAHE Ha BCUYKM MIIEYHU

TBbpAM BelwlecTBa M Te3an npoLecu
TpsibBa pa OboaT peHTabunHM w”
ekonormyHu. Llenta Ha HacTosAWOTO

SUMMARY
The goat milk whey is interesting

for the consumers of healthy and
functional food.
Whey nutritive value, better protein

digestibility then the casein, participation
in immune system activation, bactericide
characteristics as well as positive
influence in allergic reaction inhibition
makes this beverage to be in demand in
the market.

The dairy industries that create large
amount of whey have to introduce
processes to recover all of the milk solids
and this processes need to be cost-
effective and environmental friendly. The
aim of the present study was to evaluate
the nutritional characteristics of



uscnegBaHe e ga ce  OUeHsT
XpaHUTENHUTE  XapaKTepUCTUKU Ha
TbproBckaTa Ko3s cypoBaTka W HeWHus
aHTUMKKpoOeH noTeHuman cnen
depmeHTauma ¢ kedumpHM  3bpHa.
MpobuTte OT kO35 cypoBaTka ca B3eTu OT
nasap. ®PepmeHTaumsTa e nposedeHa
npu crarHa TemnepaTtypa (25 C) 3a 24
yaca. 3a U3BbpLLBaHE Ha
depmMeHTaUmMaTa Ha cypoBaTkata ca
n3nonssaHu pPasnunyHm Konu4yecTBa
kKetpmpHu 3bpHa (2%, 5% wun 10%).
CrtonHocTTa Ha pH, TuTpyemata
KMCEMWUHHOCT n NPOLEHTHOTO
CbObpXaHWe Ha MIlevyHa KucenuHa ce
npoMeHAT 3HaunTenHo (p<0.05) crneg
npoueca Ha depmeHTauusa, [okato
ApyruTe u3cnegBaHu  (PU3MKO-XMMUYHU
XapakTepUCTUKM NokasBaT HEe3HaAYMTENHU
NPOMEHN. AHTUMUKPOBOHUAT MOTeHuman
Ha  depmeHTupanaTta HanuTka e
yCTaHOBEH ypes OOMblHUTENHA
MHOKyNnauusa Ha Kyntypu oT wam E.coli
ATCC 8739 1 koarynasa nosnoXxuTeneHHn
Staphylococcus  aureus  ATCC9610.
Cnep 24 vyaca uHkybaums npu 37 C, B
cypoBaTtka, epmeHTMpana c¢  10%
KedupHM 3bpHa, HE € perucTpupaH
pacTex Ha nobaBeHM LLiaMoBe.
AHTUOKCUAAHTHUAT KanauuTeT Ha
depMmeHTUpanata cyposaTka CbLO €
aHanusvpaH. Pesyntatute oT aHanusa
Ha obwwusa 6pon Ha MUKpPOOpraHusMmTe
(TPC), peoykumMoHHaTta cuna wn 2,2-
Aandenunn-1-nukpunxugpasun (DPPH),
nokassaT aHTUOKCMOAHTHMSA MOTeHuMan
Ha depmMeHTMpana Ko3a cypoBaTka MU
Bb3MOXHOCTTAa M 3a 3awuta oOT
cBobogHMTE paavKanu.

KnoyoBu aymu: ko3s cypoBaTtka,

KebupHU 3bpHa, aHTUMUKPOGEH
noTeHumarn, PU3NKO-XUMUYHM
XapaKTepUCTUKK, aHTUOKCMOAHTEH
KanauuTeT

yBoOa4

Koseto Mnsiko u npoayktnute ot
Hero ce c4yutaTt 3a 4acT OT KayeCTBeHa,
6anaHCMpaHa XpaHa, KOATO npuBIInYda

commercial goat whey and its
antimicrobial potential after fermentation
with kefir grains.

The samples of goat whey were collected
from a market. The fermentation was
carried out at a room temperature (257C)
in time of 24 hours. Different quantities of
kefir grains (2%, 5% and 10%) were used
to perform the fermentation of the whey.
The pH value, titratable acidity and
percentage of lactic acid changed
significantly (p<0.05) after the
fermentation process while the other

examined phisico-chemical
characteristics shows insignificant
changes.

The antimicrobial potential of fermented
beverage was performed by additional
inoculation of strain cultures E.coli ATCC
8739 and coagulase positive
Staphylococcus aureus ATCC9610. After
24 hours incubation at 37C, in whey
fermented with 10% kefir grains, no
growth of added strains was recorded.

The antioxidant capacity of fermented
whey was also analyzed. The results of
TPC, reducing power and DPPH, show
antioxidant potential of fermented goat
whey and its possibility of protection
against free radicals.

Key words: goat whey, Kkefir
grains, antimicrobial potential, physico-
chemical characteristics, antioxidant
capacity

INTRODUCTION
The goat milk and its products are
considered as a part of a quality,
balanced food which draws attention



BHMMaHMETO Mopagu CBOS pasfnu4yeH
CbCTaB B CpPaBHEHWE C KPaBETO MIISIKO.
OcHoBHaTa XpaHWTerHa CTOMHOCT Ha
KO3eTO  MNSKO  (CbObpXaHue Ha
NpoOTEWHW, MasHWHW, nakTo3a, obLwo
KOnM4ecTBO TBbPAM BELLECTBA)
usrnexga nogobHa Ha KpaBeTO MISKO,
HO CTpyKTypata Ha XpaHuTenHute
BellecTBa e pasnuyHa. Cnopep Lima et
al., (2018) n Campos et al., (2022) ko3eTo
MIISIKO CbAbpXa KbCU N CPEeOHN MacTHU
KMCEenWHKU  (KanpoHoBa, Kanpunosa MU
KanpuHOBa KuWcenuHa), OTrOBOPHU 3a
XapaktepHata My MupuaMa U BKYC.
MacTtHute rnobynmM B MNSKOTO ca Mo-
MasnkM OTKOJIKOTO B KpaBEeTO MISKO U
MoraT OUPEKTHO [a ce M3mnons3BaTt kaTo
M3TOYHMK Ha eHeprus, 6e3 ga ce oTnarar
B MacTHaTa TbkaH. OT gpyra cTpaHa
aBTopute nogyeprasar, ye
NPOTENHOBUAT CbCTAB Ha KO3ETO MIISIKO €
TakbB, Y€ CbAbpXa NoBeve aS, KaseuH,
OTKONKOTO OS;, KOMTO Ce cuyuTa 3a efHa
OT OCHOBHUTE TMpPUYMHU 33 MIIEYHU
aneprum. CypoBaTkaTa OT KO3€ MMSKO
npyBnMYa BHMUMaHMETO KaTo noaxopsiia
mMaTpuua/ocHoBa 3a Cb3gaBaHe Ha
HanuTKK, bW KaTo npuTexasa
©naronpusTHU BG1oNorMyHM "
XPaHUTEMHK XapaKTepucTUKm "
TEXHOMNOrMYEeH KanauuTeT 3a THAXHOTO
cb3gaBaHe u passuTne (Lopes et al,
2012). Tasu HanuTka pgonpuHaca 3a
noaabpXaHeTo Ha AoBpo PM3NMONOrMyHO
W 30paBOCIMOBHO  CbCTOsIHME Ha
opraHuama M Moxe pJa ro nogobpw.
Cnopen Hernandez-Ledesma et al.
(2011) cbcTaBbT Ha Ko3ATa cypoBaTka
MOXe [a Moaynupa akTMBHOCTTa Ha
dmsmonornyHata yHKLMA U MOXe Jda
Obe B CbCTOSIHME A Hamanu pucka ot
XPOHWYHWN 3abonsBaHWs, KOeTO MpaBu
Tasnm Hanutka ,pyHKkuMoHanHa xpaHa“.
CypoBaTb4Hute NpoOTENHU cropeg
Mangano et al. (2019) ce cuuTaT 3a no-
[00Bbp U3TOYHMK Ha MPOTEWH OT ApyruTe
M3TOYHMLUM KaTO KaseuH, Anla, cos UIu
MEeco, KOeTO [MoKa3Ba XpPaHWUTEITHOTO
KayecTBO Ha cypoBaTkaTa.KaTo ocHoBeH
CTpaHM4YeH MNpPOAYKT Ha  MIevHaTta

because of their composition that is
divergent compared to the cow milk.
Basic nutritional value of goat milk
(content of proteins, fat, lactose, total
solids) seems similar to cow milk but the
structure of these nutrients is different.

According to Lima et al.,, (2018) and
Campos et al., (2022) goat milk contains
short and medium fatty acids (caproic,
caprilyc and capric acid) responsible for
its characteristic odor and flavor. The milk
fat globules are smaller than in the cows’
milk and can be directly used as a source
of energy, without their deposition in
adipose tissue.

On the other hand authors emphasized
that the protein composition of the goat
milk is such that contains more as,
casein then as; which is considered as
one of the major cause of milk allergies.

The goat milk whey draw attention as a
good matrix to create beverages,
because possess favorable biological and
nutritional characteristics and
technological capacity for their creation
and developing (Lopes et al., 2012).

This beverage contributes in maintaining
good physiological and health body
condition or can improve it. According to
the Hernandez-Ledesma et al. (2011) the
composition of goat whey can modulate
the activity of physiological function and
can be capable to reduce the risk of
chronic diseases making this beverage a
“functional food”.

The whey proteins according to Mangano
et al. (2019) are considered as a better
protein sources then the other sources
like casein, egg, soy or meat indicating
the nutritional quality of the whey.

As a major byproduct of dairy industry the



NMPOMULLNIEHOCT, CypoBaTkaTa pPsAKko ce
m3non3ea B TeyHa dGopma U ce
obpaboTBa OOMB/HUTENHO NPEAMMHO B
u3Bapa, CcypoBaTka Ha npax WM
CypOBaTbYyHM €EKCTpakTu (NPOTEVMHU U
nakrtosa). llpepaboTkaTta Ha cypoBaTka
3ano4yBa npes3 70-Te rogMHM Ha MUHanNug
BEK W 00 OHecC ca pa3paboTeHn pasnuyHn
HaMMTKM Ha OcCHoBaTa Ha cypoBaTka
(Jelicic¢ et al., 2008).

B MakenoHusi, ko3dta cypoBaTka
ce npousBexga npu Npov3BOACTBOTO Ha

cupeHe (6siNo  canamypeHo  CUpeEHe,
KalukaBan unm 6uto cupeHe) B MrevHaTa
NPOMULLSIEHOCT UNU  BbB  hepmMuTe.
CypoBaTtkaTta ce npepaboTea

AONMBbIHWUTENHO MNaBHO B M3Bapa Wnu ce
usnonaea kato gobaBka KbM XpaHa 3a
XMBOTHW. Hanocnegbk TO3u BTOpPWYEH
NpoayKT Ce NOsIBU KaTO CBexa HanuTka
Ha nasapwure. Mo Bpeme Ha
Npon3BOACTBOTO Ha cupeHe B
AOMaKMHCTBaTa n MneyHaTa
npoMuneHocT ce obpa3yBa ronsiMo
KONMM4ecTBO cypoBaTka. BaxHo e T03u
BTOPUYEH MPOAYKT [a He Ce WU3XBbpIis,
3alLlOTO MpUYMHABA 3aMbpcsiBaHe Ha
oKonHaTa cpefa (boraT Ha opraHuWyHU
BeLlecTBa) n ce npenopb4Ba
AOMbITHUTENHa obpaboTka nnu
ynotpeba. TexHonoruaTa Ha npepaboTka
TpsabBa pa Obae peHTabunHa M
ekonornyHa (Londero et al., 2011), Taka
Ye (bepmeHTauusATa Ha TeyHa cypoBaTka
C Ke(pmpHun 3bpHa € egHa  OT
Bb3MOXHOCTMTE 3a npepaboTka Ha
cypoBaTtka B kadyecTBeHa (DyHKUMOHanHa
HanuTKa.

XapaKkrepucTukute Ha
depmMeHTUpanaTa cypoBaTka C nomoLita
Ha KedUpHM 3bpHa ca u3cregBaHu OT
pasnuyHm astopu (Londero et al., 2011,
2012; Balabanova and Panayotov, 2011;
Megalhdes et al, 2011; Shukla and
Kushwaha 2017), koeTo nokasBa, u4e
HanUTKNTe OT (bepMeHTUpana cypoBaTtka
MoraT ga 6baaT uHTepecHa antepHaTusa
3a M3non3BaHe Ha CypoBaTka OT CUMpEHE.
KedpmpHute 3bpHa ca cumbuoTU4yHa
acoumnauma Ha MreYHokucenn Gakrepuu,

whey was rarely used in liquid form and it
was additionally processed mostly to
cottage cheese, whey powder or whey
extracts (proteins and lactose). The whey
processing started during the 1970’s and
until  today different whey based
beverages have been developed (Jeli€i¢
et al., 2008).

In Macedonia the goat whey is
produced during cheese manufacturing
(white brined cheese, kashkaval or
beaten cheese) in dairy industry or
farmhouses. The whey is further
processed mainly in cottage cheese, or is
used as supplement in animal feed.
Lately this byproduct has appeared as a
fresh beverage in the markets.

During cheese production in households
and dairy industry large amount of whey
has been created. It is important this
byproduct not to be discarded because
causes environmental pollution (rich in
organic matter), and further processing or
use is recommended.

The technology of processing need to be
cost-effective and environmental friendly
(Londero et al, 2011), so the
fermentation of liquid whey with kefir
grains is one of the possibilities of whey
processing into a quality functional
beverage.

Characteristics of the fermented
whey using kefir grains has been
investigated by different authors (Londero
et al.,, 2011, 2012; Balabanova and
Panayotov, 2011; Megalhées et al., 2011;
Shukla and Kushwaha 2017) indicating
that fermented whey beverages can be
interesting alternative for cheese whey
utilization.

Kefir grains are symbiotic association of
lactic acid bacteria, yeasts and acetic



ApoXan n oueTHa KucenuvHa,
3a00uKoneHn OoT  kedupaH,  KOWTO
npeacTaBnsBea BOAOPa3TBOPMMM

nonusaxapugn (Megalhaes et al., 2011).
KedpmpHute 3bpHa OOMKHOBEHO ce
cbetoaAT oT  Lactobacullus  delbrueckii
subsp bulgaricus, L. helveticus,
L.kefiranofaciens subsp. kefiranofaciens,
L. kefiranofaciens subsp. kefirgranum, L.
acidophilus, L.fermentum, L. brevis, L.
kefir and L. parakefiri. Ot BugoBeTe
Lactococcus npucbctBat: L. lactis
subsp.lactis, L. lactis subsp. cremoris n
nonynauusata ot ApOXAW Ce CbCTOM OT
Sacharomysec cerevisiae, Kazachstania
exigua, K. turicensis, Kliveromyces
marxianus, Pichia fermentans,
Debariomyces occidentalis (Londero et
al., 2012, de Oliviera Leite et al., 2013).
MukpoopraHmammute oT kempHUTE 3bpHa
Ca OTrOBOPHU 3a XMMUYHWUTE MPOMEHMU Ha
cypoBaTtkaTta no Bpeme Ha hepmeHTaLmns
KaTo npoTeonu3a, KOHCyMauuss Ha
nakTosa, MpPoOW3BOACTBO Ha NeTnvBU
CbeOVHEHUS] W OPraHWYHU  KUCESTUHU
(Megalhaes et al., 2010). Te cbwo umart

NpoGMOTUYHU XapaKTepUCTUKN,
nogobpseawm 3[1paBOCMOBHOTO
CbCTOSHME Ha noTpebuTenute, KaTo
Hanpumep: nogobpseBaT paBHOBECUMETO
Ha JpeBHaTa (pnopa, 3awwuTasar

nuraeuuaTa, obnekyaBaT CUMNTOMUTE Ha
HEMOHOCMMOCT KbM NakTo3a, CTumynmpart
UMyHHaTa cuctema " nokasear
aHTubakTepuanHa aKTUBHOCT 7]
aHTuokcuaaHteH noteHuman (Megalhdes
et al., 2011; Weschenfelder n gp., 2018).

LlenTa Ha HacCTOALLETO
unscnegsaHe ©6e pga ce onpegenar
XpaHuTenHuTe XapaKTepucTUuKku,
aHTUMUKPOOHWMS noTeHumarn "
aHTUOKCUOAHTHUSA KanauuTeT Ha
TbproBckata Ko3f cypoBaTka cnef
depmMeHTauUmnsa C pasnUYHO KOIMYECTBO
KempHU 3bpHa. Bewwe

npean3BuKkaTericCtBo Aa ce onpepnenar
Bb3MOXHOCTUTE  3a npuroTeAHe Ha
Ka4vyecTBeEHa HanuTtka 4ypes3 npocCT
TEXHONOrM4yeH npouec, Kakto M pga ce
oueHun HenHaTa €BeHTyallHa

acid surrounded by kefiran, water soluble
polysaccharide matrix (Megalhaes et al.,

2011).

Kefir ~ grains usually consist of
Lactobacullus delbrueckii subsp
bulgaricus, L. helveticus,

L.kefiranofaciens subsp. kefiranofaciens,
L. kefiranofaciens subsp. kefirgranum, L.
acidophilus, L.fermentum, L. brevis, L.
kefir and L. parakefiri. From Lactococcus
species contains: L. lactis subsp.lactis, L.
lactis subsp. cremoris and the yeasts
population consists of Sacharomysec

cerevisiae, Kazachstania exigua, K.
turicensis,  Kliveromyces  marxianus,
Pichia fermentans, Debariomyces

occidentalis (Londero et al.,, 2012, de
Oliviera Leite et al., 2013).

The microorganisms from kefir grains are
responsible for chemical changes of
whey during fermentation like proteolysis,
lactose consumption, production of
volatile compounds and organic acids
(Megalhaes et al., 2010).

They also have probiotic characteristics
improving the health state of the
consumers like: improving intestinal flora
balance and mucosal defense, relief of
the lactose intolerance symptoms,
stimulation of immune system, and shows
antibacterial activity and antioxidant
potential (Megalhdes et al.,, 2011;
Weschenfelder et al., 2018).

The aim of this study was to
determine  nutritional  characteristics,
antimicrobial potential and antioxidant
capacity of commercial goat whey after
its fermentation with different amount of
kefir grains.

It was challenging to determine the
possibilities of making quality beverage
using simple technological process and
also to evaluate its possible antibacterial
activity.



aHTnba KTepuarnHa akKTUMBHOCT.

MATEPUAINTU U METOOU

O06eKT Ha HacToAWeTo n3cneasaHe
e cypoBaTka, MoryyeHa OT nasapure,
KOATO ce mpogasa B rotoea 3a ynotpeba
dopma, npoussegeHa OT ABE pPasfIMyHK
MaHgpu. [lpobute oT cypoBaTka [0
npoueca Ha depmeHTaums ca
CbXpaHsiBaHW B XNaaunHuK npu
Temnepatypa 4C n ca depmeHTUpanu B
paMKMTe Ha Ccpoka Ha TroAHOCT Ha
npogykta.  depmeHTMpanute  npobw,
KOMTO He moraT ga 6baaT aHanMaupaHu
BedHara, ca CbXpaHeHU npu
TemnepaTtypa oT -18C.

3a bepmeHTauudaTa Ha cypoBatka
ca wum3nonssaHn 500 ml npoaykT.
CypoBaTkaTta ce NnocTtaesi B e4HONUTPOBU
CTEPUINHW  CTbKNeHn OyTunkM wun ce
nHokynupa ¢ 2%, 5% un 10% kedupHu
3bpHa B cTepunHu ycrnosusi. CypoeaTtkaTta
€ ocTaBeHa fa epmeHTupa 24 yaca npum
cranHa TemnepaTtypa (23-25 °C). Cnep
depmeHTaumaTa, Npobute oT cypoBaTka
ce duntpupat npes CTEepPUIHO
nnacTtMacoBo cuto W ce cbbupaT B
CTEPUIHM eprieHmarepoBm Konow.
MukpoburonornyHmTe aHanmau Ha
NPOAYKTUTE Cca U3BBLPLUEHM CbLUMS AeH, a
XUMUYHWUTE aHanu3n 1 aHTUOKCUAaHTHaTa
aKTUBHOCT Ha HedepmeHTUpanata u
bepMeHTUpana cypoBaTka ca U3BbpLUEHMN
npes cregpawmute gHUM  unm - Gaxa
3amMpaseHu.

AHTUMUKPOOHNTE  XapaKTEPUCTUKU
Ha depMeHTUpanaTa cypoBaTka ca
nscnegBaHu c OONMbIHUTENHA
WHOKynauua ¢ wamoBe Escherichia coli
ATCC 8739 wu Staphylococcus aureus

ATCC 9610, cnep oTcTpaHsiBaHe Ha
KempHUTE 3bpHa.

Xumuyecku aHanu3s Ha
cyposamkama

HedepmeHTupana "
depmeHTUpanarta cypoBartka ca

NOAMNOXEHN Ha OOMbITHUTENHU XUMWUYHM
aHanmau: onpegensiHe Ha  obuwo
KONMMYECTBO CYXW BELLECTBa Ype3 CyLleHe
npu Temnepatypa 105°C pgo pgocturaHe

MATERIALS AND METHODS

The object of this study was the
whey obtained from markets which is
selling in ready to use form, produced
from two different dairies.

The whey samples until the fermentation
process were kept refrigerated at a
temperature of 4C and fermented within
the shelf life of the product. The
fermented samples that couldn’'t be
analyzed immediately were kept at a
temperature of -18C.

For the whey fermentation 500 ml
of product was used. The whey was put
out in one-liter sterile glass bottles and
inoculated with 2%, 5% and 10% kefir
grains in sterile conditions. The whey was
left to ferment 24 hours at room
temperature (23-25C).

After the fermentation, the whey samples
were filtered through a sterile plastic sieve
and collected in sterile Erlenmeyer flasks.

The microbiological analyses of products
were performed the same day and the
chemical analyses and antioxidant activity
of non-fermented and fermented whey
were performed in the following days or
were frozen.

Antimicrobial  characteristics  of
fermented whey were examined with
additional inoculation with Escherichia coli
ATCC 8739 and Staphylococcus aureus
ATCC 9610 strains, after removing kefir
grains.

Chemical analyses of whey

The not-fermented and fermented
whey were subject of further chemical
analyses: determination of total solids by
drying on temperature of 105°C till
constant weight; determination of crude
proteins by Kjeldahl method (Nx6.38);
determination of lipids by method of



Ha TMOCTOSIHHO Terno; onpegensiHe Ha
CypoBM npoTemHn no meTtoga Ha Kjeldahl
(Nx6.38); onpegensHe Ha nunMan no
meToga Ha Gerber; onpegensHe Ha
nenen ypes usrapsHe B NPOL4bIIKEHME Ha
8 wyvaca npu Temnepatypa 600°C;
nakrosaTa e onpegerneHa no metoga Ha
Lane-Eynon. Pesyntatute ca wuspaseHu
kKaTo npoueHTn. pH e mnamepeHa c pH-
MeTbp, a TuTpyemaTa KWUCENWHHOCT €
onpegeneHa u4pe3 Soxhlet-Henkel, ¢
TutpyBaHe ¢ n/10 NaOH. PesyntatuTe ca
nspaseHn kato SH°®. [lpoueHTbT Ha
MIIeYHa KMcenuHa e nsymcrneH no Mmetoga
Ha Purnomo u Muslimin, (2012) no
cnegHata doopmyna:

mINaOHx0.009/TerJsio Ha cypoBaTka (g)x10(

Mukpobuornoauy4Hu aHanu3u

MukpobuonornyHute aHanusm Ha
depmeHTupana un  HedepmeHTUpana
cypoBartka ca N3BbpLUEHN ypes
onpegensiHe Ha obLu aepobHu
OakTtepun,  koarynasa  MOMOXWUTENHU
Staphilococcus, Escherichia coli, gpoxam
n nneceHn n Lactobacillus sp. AHanusute
ca HanpaBeHu No crnegHuTe metoaun: O6LW
Opon aepobHn 6Gaktepun (ISO 4833:
2013), Koarynasa NONOXUTENHM
Staphylococcus (ISO 6888-1:1999), E.coli
(ISO 16649-1,2:2017), opoxan 1 NneceHn
(1S021527) -1,2:2008), Lactobacillus
Bbpxy Porosa arap npu 30°C. Crnepg
JonbriHuTenNHa uHkybaums ¢ E.coli ATCC
8739 u Staphylococcus aureus ATCC
9610, npobute oOT cypoBaTka ca
KynTusupar CbOTBETHO BBbPXY
XpPOMOreHeH konudop arap M arap Ha
Bbbpa-lapkbp, cneg KoeTo ca
WHKYOGMpaHu 3a 24 vaca npu 37°C.

UNsmepsaHe Ha o06WO GhEHOMHO
cbvObpxaHue (OOC)

OPC Ha BCcAka npoba e
onpegeneHo cnopen Metoga Ha Folin-
Ciocalteau (Sabokbar and Khodalyan,
2016). Hakpatko 0.2 mL paspegeHa
HanuTka e gobaBeHa kbM 1 mL peareHT
Folin-Ciocalteau (npenBaputenHo

paspegeH 10-kpaTHO C gecTunupaHa

Gerber; determination of ash by
incineration for 8 hour at temperature of
600°C; lactose was determinate by Lane-
Eynon method.

The results were expressed as percent.
pH was measured by pH-meter and the
titratable acidity was determinate by
Soxhlet-Henkel titrated with n/10 NaOH.
Results were expressed as SH°.
Percentage of lactic acid by method of
Purnomo and Muslimin,
(2012).Calculation of lactic acid was
performed according to formula:

mINaOHx0.009/weight of whey (g)x100%

Microbiological analyses

Microbiological analyses of
fermented and not-fermented whey were
performed by determination of total
aerobic bacteria, coagulase positive
Staphilococcus, Escherichia coli, Yeasts
an moulds and Lactobacillus sp. Analyses
were made according following methods:
Total number of aerobic bacteria (ISO
4833: 2013), Coagulase  positive
Staphylococcus (ISO 6888-1:1999), E.coli
(ISO 16649-1,2:2017), Yeasts and moulds
(1ISO21527-1,2:2008), Lactobacillus on
Rogosa agar at 30°C.
After additional incubation with E.coli
ATCC 8739 and Staphylococcus aureus
ATCC 9610 whey samples were
cultivated on Chromogenic coliform agar
and Baird-Parker respectively and
incubated 24h at 37°C.

Measurement of total
content (TPC)

The TPC of each sample was
determined according to Folin—Ciocalteau
method (Sabokbar and Khodalyan, 2016).
Briefly 0.2 mL of diluted beverage was
added to 1 mL of Folin—Ciocalteau
reagent (prediluted 10-fold with distilled

water) and shaken well. Mixture was

phenolic



BOAa), cnep KoeTo ce pasknawa pobpe.
Cmecta ce ocTaBa ga npectoM npu
cTanHa TemnepaTypa 3a 8 muHyTu. Cneg
ToBa 0.8 mL HaTpmeB kapboHaT (7.5 %)
ce gobaBa KbM CMecTa, paskrnaiia ce U
ce oCTaBd Mpw CTalHa TemnepaTtypa 3a
30 muHyTM. AGcopbumaTta ce wusmepsa
npu 765 nm B cnektpocpotometsp. TPC e
M34ncrieH 4Ype3  HayepTaBaHe  Ha
KanMbpaumoHHa KkpuBa Ha ranosaTta
KACENVMHA U e u3pas3eH kaTo Munurpamu
OT ranoBaTa KucenvHa eKBMBaneHTHWU Ha
nMTbP npoba. Ocem pasnu4yHu
paspexgaHus (B guanasoHa ot 0.22 mg
GA/L-80 mg GA/L) ca nsnonseanu, 3a ga
ce nmomnyyu kanubpauuoHHaTa KpvBa Ha
rarnosarta KncenvHa.

PedykyuoHHa cuna

PenykuunoHHata cuna Ha
HanUMTKUTEe e M3MepeHa Mo MeToda Ha
Oyaizu (Sabokbar and Khodalyan, 2016).
2.5 mL ot BCsika HanuTka ce cmecBar C
2.5 mL GydepeH pa3TBOp Ha HaTpueB
docdart (0.2 M, pH=6.6) n 2.5 mL kanves
depoumnanmg (1%). Cmecta ce nHkybupa
npu 50 °C B npogbimkeHne Ha 20 MUHYTMW.
Cnep ToBa KbM Hesi ce gobasaTt 2.5 mL
TpuxnopoueTHa  kucermmHa (1%) w
nonyyeHarta cMmec ce LeHTpodyrnpa npu
1400 g 3a 10 MuHyTW. [OpHUAT crnon oT
pastBopa (5 mL) ce cmecea ¢ 5 mL
agectunupaHa Boga M 1 mL >xeneseH
xnopug (0,1 %). Abcopbuusata Ha cmecTa

e wusmepeHa npu 700 nm B
CNeKkTpooTOMETHP. Mo-ronamaTta
abcopbuuns nokassa no-ronsma

peayKUMOHHa cuna.
2,2 — QugpeHun-1-nuxkpunxudpasurn
DPPH padukarn-ynagsawa akmugHocm
Mpobute ca aHanuaupaHu Mo
Metoga Ha Deeseenthum wun Pejovic,
(2010). MpwuroTtea ce pastsop ot 0.004%
(w/v) DPPH pagukan B 95% etaHon. Tpu
MUNUNMTPa eTaHonoB pa3TBop Ha DPPH
ce cmeceatr ¢ 0.1 ml npoba mnn 95%
eTaHon (kaTo KoHTpora), pa3dbpkeBaT ce
pobpe un ce wuHkybupat 30 MuHYTM B
TbMHa CTas MNpu CTalHa TemnepaTypa.
MamepBa ce abcopbumsita Ha Bcsika
npoba npu 517 nm. AHTMOKCMOAHTHaTa

allowed to stand at room temperature for
8 min.

Then 0.8 mL of sodium carbonate (7.5 %)
was added to mixture, shaken and left at
room temperature for 30 min. Absorbance
was measured at 765 nm in a
spectrophotometer.

The TPC was assessed by plotting the
gallic acid calibration curve and
expressed as milligrams of gallic acid
equivalents per liter of sample. Eight
different dilutions (in the range of 0.22 mg
GA/L-80 mg GAJ/L) were used to get the
gallic acid calibration curve.

Reducing power

The reducing power of beverages
was measured according to the Oyaizu’s
method (Sabokbar and Khodalyan, 2016).
2.5 mL of each beverage was mixed with
2.5 mL of sodium phosphate buffer (0.2
M, pH=6.6) and 2.5 mL of potassium
ferricyanide (1 %). The mixture was
incubated at 50 °C for 20 min. Then 2.5
mL of thrichloroacetic acid (1%) was
added to the mixture and mixture was
centrifuged at 1400 g for 10 min. The
upper layer of solution (5 mL) was mixed
with 5 mL of distilled water and 1 mL of
ferric chloride (0.1 %). The absorbance of
the mixture was measured at 700 nm in a
spectrophotometer. Greater absorbance
shows greater reducing power.

2,2 — dyphenil-1-pycrylhydrazyl
DPPH radical scavenging

The samples were analysed
according method by Deeseenthum and
Pejovic, (2010). The 0.004% (w/v) DPPH
radical solution in 95% ethanol was
prepared. Three mililiters of ethanolic
DPPH solution was mixed with 0.1 ml of
sample or 95% ethanol (as a control),
vortex well and incubated 30 minutes in
dark room at room temperature.
Absorbance of each sample at 517 nm
was measured. The antioxidant activity



aKTMBHOCT € JdajdeHa KaTo MNpPOLEHT oT
DPPH pagukan-ynaeswarta akTUBHOCT,
M34yncreHa kato

1

PerynupaHe Ha abcop6uusiTa — a6CopOLMs HAa eKCTPaK|

was given as percentage od DPPH
scavenging, calculated as:

1 -

Control absorbance - extract absorbance
x100

PerysrpaHe Ha a6cop6uusiTa

x100

Cmamucmuyecku aHanu3

CrtaTuctnyeckuaT aHanus Ha
nonyvyeHuTe pesyntatu € W3BbLPLIEH C
nomMoLyTa Ha KOMMKTbpPHa nporpama
Excel 2007. CtatucTuyeckaTta 3Ha4MMoOCT
Mexay rpynute e onpegeneHa 4pes
€OHOMOCOYEeH  AUCNEePCUOHEH  aHanus
(ANOVA). CtonHocTuTe ca npeactaBeHu
KaTto cpegHa(un) £ ctatucTnyecka rpeLuka

3a BCAKa nNpoMeHImBea

PE3YNTATU U OBCBXOAHE

PesyntaTute, nony4eHun oT
XUMUYECKN aHanmam Ha
HedepMeHTMpana wn  depmeHTupana
cypoBatka, ca npegacrtaBeHu B Tabnuua
1. CypoBuTe MpoTEMHU Hamansaeart,
KOrato NpouUEeHTBLT Ha KedupHUTE 3bpHA,
n3non3eBaHn 3a dQepmeHTaums, ce
yBernuvyasa (0.94+0.05-0.71+0.01).
KoHueHTpauumaTa Ha obwuTte nunuam He
Ce TMPOMEHSI 3HAYUTENHO, KakKTo U
NpoLEeHTbT Ha obLnTe Ccyxu BellecTBa
(6.43+0.06 - 6.88+0.01) n obwarta nenen
(0.40+£0.01-0.48+0.01). lNMocnegHute aee
nokasesaT TeHOEHUMS Ha HamansiBaHe C
yBenMYaBaHe Ha KOHUEeHTpauusita Ha
KedupHMTE 3bpHa, W3NON3BaHW 3a
depmenTaumsa (Tabnuua 1). Benpekn ye
NMPOLIEHTHOTO CbAbPXaHME Ha JNakTo3a
HamansBa  (4.2410.01-4.021+0.03), B
pesynTaT Ha hepMeHTaLmaTa NPpOMeHUTE
B HeMHaTa CTOMHOCT He ca 3Hayumu. 3a
pasnuka oT Tesu nokasaTenu,
CTOMHOCTTa Ha pH, TUTpyemara
KACENWHHOCT U MPOLEHTBLT Ha MredvHa
KACENMHA Ce MNPOMEHAT  3HAYMTErNHO
(p<0.05) cneq npoueca Ha
depmeHTauus. CrtomHocTtTa Ha pH
HamansBa oT 6.3310.07
(HedbepmeHTUpana cypoBartka) o
3.64+0.02 (cypoBaTka, hepmeHTMpana ¢
10% kedupHM 3bpHA) U CTOMHOCTTA Ha

Control absorbance

Statistical analyses

The statistical analysis of the
obtained results was performed using the
computer program Excel 2007. The
statistical significance between the groups
was determined by one-way analysis of
variance (ANOVA). The values are
presented as mean(s) * statistical error
for each variable

RESULTS AND DISCUSSION

Results obtained from chemical
analyses of not-fermented whey and
fermented whey are presented in Table
1. The crude proteins were decreasing as
percent of kefir grains used for
fermentation increased (0.9410.05-
0.71+0.01).

The concentration of total lipids didn’t
change significantly as well as the
percent of total solids (6.43+0.06 -
6.881£0.01) and total ash (0.40+0.01-
0.48%0.01). The last two shows tendency
of decreasing as a concentration of kefir
grains used for fermentation increased
(Table 1).

Although the percentage of lactose was
decreasing (4.24+0.01-4.021+0.03) as a
result of fermentation the changes of its
value were not significant. Unlike this
parameters the pH value, titratable acidity
and percentage of lactic acid changed
significantly (p<0.05) after the
fermentation process.

The pH value decreased from 6.331£0.07
(not fermented whey) to 3.64+0.02 (whey
fermented with 10% kefir grains) and the
value of titratable acidity (2.87+0.11 SH°-
20.67+1.33 SH°) and lactic acid
(0.065+0.003%-0.46+0.03%) increases



TUTpyemarta KucemnuHHocT  (2.87+0.11
SH°-20.67+1.33 SH°) wun MnevHaTa
kncenvHa (0.065 +0.003%-0.46+0.03%)
ce yBennyaBa B pesyntar  Ha
aKTMBHOCTTA Ha MIIe4YHOKMCenmTe
OakTepyn Ha kedUpHWUTE 3bpHa. Tesun
pesyntatn ca B cboTBeTCcTBME C Levkov
et al., (2021), Bbnpekn 4ye npoy4BaHeTo
Ha aBTOpWUTE € BbPXY HenacTbopmusmpaHa
KpaBe cypoBaTka.CTonmHocTTa Ha pH u

TUTpyemara KMCENUHHOCT Ha
cypoBatkata, depmeHTupana ¢ 5%
KedUpHM 3bpHaA, € MNo-HUcka OoT
pesyntatute Ha Shi et al, (2018),
BEPOSITHO  MopaauM  pasfuKknTe BbB
PepMeHTUPanoTo BELLECTBO (kose
MISIKO) M MUKPOOHMS  CbCTaB  Ha

KedupHuTe 3bpHa. KoHueHTpauuaTa Ha
obLKM npoTenHn, nNuUnuan 1 nenen e no-
HUCKa B CpaBHEHWe C pesynTaTtute Ha
Londero et al., (2011), Weschenfelder et
al., (2018) n Levkov et al., (2021). Vima
Bb3MOXHOCT 3a npegBapuTenHa
obpaboTka Ha Ko3daTa cypoBaTka B
MaHOpWTE Npean NyckaHeTo M Ha nasapa
kaTo ceexa HanuTka. Cnopea Megalhaes
et al., (2010) cbcTaBbT Ha cypoBaTkaTa
3aBMCM  OT  XapaKTepucTukuTe  Ha
MIISIKOTO, TexHonorusaTa Ha
NPON3BOACTBO Ha CUMPEHE W MoACMpBaHe
n ycnosusTa Ha depmeHTauuss Ha
cypoBaTkara.

as a result of activity of kefir grains lactic
acid bacteria.

These results are in accordance with
Levkov et al., (2021) although the ast
authors survey  was on cow
unpasteurized whey. The pH value and
titratable acidity of whey fermented with
5% kefir grains is lower than the results of
Shi et al., (2018) probably due to the
differences in the fermented matrix (goat
milk) and microbial composition of kefir
grains.

The concentration of total proteins, lipids
and ash are lower compared to the
results of Londero et al, (2011),
Weschenfelder et al., (2018), and Levkov
et al.,, (2021). There is a possibility of pre-
processing of the goat whey in the dairies
before its releasing on the market as a
fresh beverage.

According to Megalhaes et al., (2010) the
whey composition depends of the milk
characteristic, technology of cheese
making and renneting and the whey
fermentation conditions.

Tabnuua 1. XuMnyeH cbCTaB Ha cypoBaTka crnep depMeHTauusi ¢ pasfiMyHo

KonuyecTBo KepupHU 3bpHa

Table 1. Chemical composition of whey after fermentation with different amount

of kefir grains

O6Lwo
Konuye Tutpye
CTBO Cypos sz MneyHa
nporeun JlakTo3 Menen,
cyxu W ﬂli/!ny:jnm a % Ny KMUCENWH KMEenr_lH
BellecT ipids p HoCT a Lactic
Ba Crude % La%}ose Ash, % Titratabl acid
Total prc())}em ’ e acidity %
solids 0 SH°
%
CypoBatk 5.56 0.94 0.23 4.24 0.40 6.33 2.87 0.065
a Whey +0.10 +0.05 +0.06 +0.01 +0.01 +0.07a +0.11a | #0.003a
CypoBatk
0,
ac gA’ | 643 0.84 0.27 411 0.43 412 10.07 0.23
Whe - +0.06 +0.01 +0.06 +0.01 +0.01 +0.01b +0.30b +0.01b
y with
2% k. g.




CypoBartk
0,
ac i/" K. 6.61 0.76 0.27 4.04 0.47 3.74 15.27 0.34
Wheswi +0.01 +0.01 +0.06 | 20.02 | 20.02 | $0.02b | +221b | +0.05b
ey with
5% k. g.
CypoBatk
0,
ac 13 RK | 688 0.71 0.23 4.02 0.48 3.64 20.67 0.46
. +0.01 +0.01 +0.06 | 20.03 | 20.01 | $0.02b | +1.33c | %0.03c
Whey with
.10% k. g.
[
CTOMHOCT n.s n.s n.s n.s n.s <0.05 <0.05 <0.05
P value

K. @. - kecpupHM 3bpHa; SH® - Soxlet Hencel degrees, n.s. 6e3 3HauMmocT
k.g. - kefir grains; SH° - Soxlet Hencel degrees, n.s. not significant

MukpoopraHuammnTe, NpUCHLCTBALLMN
BbB hepMeHTUpana n HepepmeHTMpana
cypoBaTka, oborateHa ¢ wamose E.coli
ATCC 8739 wu Staphylococcus aureus
ATCC 9610, ca nokasaHu Ha Pur.1. B
HedepmeHTUpanarta cypoBaTtka GposiT Ha
obwuTte aepobHu bakTepum,
naktobauunu, gpoxan u nnecexHn e 4,76,
4,90 n 4,89 log CFU/g. TeHaeHUMsA KbM
HamansiBaHe Ha 6pos um ce Habniogasa
npu cypoBaTka, epmeHTMpana c
pasnu4yHo CbabpXaHue Ha kedupHU
3bpHa. Kakto ce ovakBa, Te3u rpynu
MUWKPOOPraHU3mm ca Haw-crnabo
npeacTaBeHm B cypoBartkara,
depmeHTupana ¢ 10% kedupHu 3bpHa
(cvotBeTHO 4,25, 4,30, 4,21 log CFU/Q).
Cnepn pobassiHe Ha wamose E.coli ATCC
8739 wn Staphylococcus aureus ATCC
9610 TexHusaT Gpon B HedepMeHTMpana
cypoBaTka e cboTBeTHO 4,10 n 3,42 log
CFU/g. Cnep 24-yacoBa epmeHTauus
cypoBatkata, depMeHTupana ¢ 5%
kedupHm 3bpHa, cbabpxka 1,85 log
CFU/g E.coli ATCC 8739 n 1,25 log
CFU/g Staphylococcus aureus ATCC
9610. B cypoBatkaTta, epMeHTUpana c
10% kedupHM 3bpHa, Te3an pobaBeHu
LLlamMoBe He ca ycTaHoBeHU ( dur. 1).

MukpoburonornyHmTe aHanmau
nokassaT WHXMOWUTOPHMA MOTeHuMan Ha
depmeHTaumoHHns  npouec. Cnopep
Londero et al., (2011, 2012)
WHXMBUTOpPHAaTAa aKTUBHOCT Ha
depmeHTUpanaTa cypoBaTka Ce ObilKu
Ha OpraHu4yHa KucenuHa, MIeyHa wu
oueTHa KuCenuHa, npousBedeHn OoT

The microorganisms present in
fermented and non-fermented whey
enriched with E.coli ATCC 8739 and
Staphylococcus aureus ATCC 9610
strains are shown in Fig.1. In non-
fermented whey the number of total
aerobic bacteria, lactobacilli, yeasts and
molds were 4.76, 4.90 and 4.89 log
CFU/qg.

A tendency to reduce their number was
observed in whey fermented with different
content of kefir grains. As it is expected
this groups microorganisms were least
presented in the whey fermented with
10% kefir grains (4.25, 4.30, 4.21 log
CFU/qg respectively).

After addition of E.coli ATCC 8739 and
Staphylococcus aureus ATCC 9610
strains their number in non-fermented
whey was 4.10 and 3.42 log CFU/g
respectively. After 24 hour fermentation
the whey fermented with 5% kefir grains
contains 1.85 log CFU/g E.coli ATCC
8739 and 1.25 log CFU/g Staphylococcus
aureus ATCC 9610. In the whey
fermented with 10% kefir grains this
added strains were not determinate
(Fig.1).

From the microbiological analyses
the inhibitory potential of fermented way
can be noted. According to Londero et
al., (2011, 2012) inhibitory activity of the
fermented whey is due to organic acid
lactic and acetic acid produced by the
kefir grains during fermentation
processes or bioactive peptides, which




KepupHUTE 3bpHA MO Bpeme Ha
depMeHTaLNOHHN npovecu unm
OMoaKTMBHU NenTMAKW, KOUTO ca pesynTart
OT npoTeonuTU4HaTa aKTMBHOCT Ha
KedupHuTe 3bpHa. CamMoTO MOHWXKaBaHe
Ha pH cTonMHOCTTa B pes3ynTar Ha
depmeHTauuaTa HaAMa  UHXMOUTOpPEH
edeKT BbpXy naTtoreHHuTe Oakrepun.
Cnopen asTopuTe, pasnagaHeTo Ha
MreyHaTta kucenvHa B OakTtepuanHata
KneTka NOHWXaBa BbTPEKNETbYHOTO pH,
KOETO Bb3AeWCTBa Ha  KNeTbvyHuUTEe
MeTabonMTHU PyHKUUM 1 ocmonapuTeTa
Ha wMeMbpaHaTa. OT pgpyra cTpaHa,
MHXMOWUTOPHaTa aKTMBHOCT CbLLO 3aBWCK
OT nNbpBOHayanHuWs Opon naToreHHu
Oaktepyn. AKO TOM €  MO-HUCHK,
natoreHHuTe OakTepum He MoraT pfa
ouenesar oOT UHXMbupawmsa edekT Ha
depmeHTUpanara cypoBarka.
AHTnbakTepuanHarta aKTUBHOCT Ha
dhepmeHTupanaTa cypoBaTtka BEpOSTHO €
CBbp3aHa C MWKPOBHMA CbCTaB Ha
KedupHMUTE 3bpHa, TsXHaTa cnocobHoCT
Ja npousBexgar GaKkTepuouuMHu wm
OounoakTneHu BellectBa (Weschenfelder et
al., 2018, Biadata et al., 2020).
KayecTBOTO M CbCTaBbT Ha cypoBaTKaTa

KaTo cybctpaT Ha  dhepmeHTaums,
obpaboTkara, OMNaKkoBaHETO "
CbXpaHEHUEeTO Ha KpauHWA NpOAYKT,
XUMUYHUTE  npouecu no BpemMe Ha
depmeHTauuATa BNNAAT BbPXY
aHTm6aKTepmanHaTa aKTUBHOCT n
XapakTepucTtuknTe Ha nacnegBaHuTe

mukpoopranmamu (Weschenfelder et al.,
2018). Cnopen aBTopuTe noBeOeHUETO
Ha MWKPOOPraHU3MUTE B XPaHUTE MOXeE

Aa Obde CBbp3aHO C  NpUCbLUM
XapaKkTepucTUKn Ha XpaHaTa.
XugponuavpaHaTa cypoBaTka uma
aHTubakTepuaneH noteHuuwan, KOWTO
uHxnbupa OGakTepmanHus pacTex B
CpaBHeHue c HexuaponuanpaHaTa

cypoBaTka, nopaan ocBoboxaaBaHeTo Ha
aHTUMUKPOOHU NenTuan, KOUTo MoraTt aa
HaBns3aT B OakTepuanHuTe KNeTkw,
NPUYMHABANKN MU3NC U KINeTbYHa CMbPT
(Fereirra Campos, 2022)

are result of kefir
activity.

grains proteolytic

The reduction of pH value itself, as a
result of fermentation, has not inhibitory
effect on pathogenic bacteria.

According to authors lactic acid
dissociation in bacteria cell lowers the
intracellular pH and that affects cellular
metabolic functions and membrane
osmolarity. On the other hand the
Inhibitory activity also depends of initial
number of pathogenic bacteria. If it is
lower, the pathogenic bacteria can'’t
survive the inhibitory effect of fermented
whey.

Antibacterial activity of fermented whey is
probably associated with  microbial
constitution of kefir grains, their ability to
produce bacteriocins and bioactive
substances (Weschenfelder et al., 2018,
Biadata et al., 2020).

The quality and composition of the whey
as a substrate of fermentation, handling,
packaging and storage of the end
product, the chemical processes during

fermentation influence the antibacterial
activity and the characteristics of
evaluated microorganisms

(Weschenfelder et al., 2018).

According to the authors behavior of the
microorganisms in food can be
associated with intrinsic characteristic of
food.

The hydrolyzed whey have antibacterial
potential  causing bacterial  growth
inhibition compared to non-hydrolyzed
whey, because of releasing antimicrobial
peptides that can enter bacteria cells
causing lysis and cell death (Fereirra
Campos, 2022)
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®ur. 1. MMKpobGuonornyHn xapakTepucTMKu Ha cypoBaTka, hepMeHTUpaHa ¢
Pa3NM4HO KonnyecTBo KethupHU 3bpHaA U gob6aBeHun E. coli ATCC 8739 n
Staphylococcus aureus ATCC 9610
Fig. 1. Microbiological characteristics of whey fermented with different amount
of kefir grains and E. coli ATCC 8739 and Staphylococcus aureus ATCC 9610
added

Mpoy4yBaHusiTa Ha
aHTMOKCUOAHTHMSA KanauuteT Ha
npoaykTUTE OT KO3e MIISIKO ca MnoBedve

CbCpPedoTOYEHN BbPXY MIAKOTO WU
dhepmeHTnpanm MITEYHU NPOAYKTH
(kuceno mnsko, kedup, cupeHe) wu

nokaseart, 4ye Te npuTexasaT pagukan-
ynaesiwa cnocobHoct (Liu et al., 2004,
Pihlanto, 2006, Yilmaz-Ersan et al., 2016,
Shi et al.,, 2018, Chavez-Servin et al.,
2018), HO wvMa Manko [JaHHu 3a
aHTMOKCUOAHTHOTO  Bb3JAENCcTBME  Ha
depMeHTUpana cypoBaTka.
AHTUMOKCUAAHTHUAT KanauuTeT Ha
depmeHTUpana cypoBatka C KedupHU
3bpHa € OLIEHEH Ype3 N3Mon3BaHe Ha Tpu
pasnuyHM  meToga: obwo  dheHomnHo
cbaobpxaHune (TPC), pegykuuoHHa cuna
n DPPH pagukan-ynaesuia akTUMBHOCT.
Mma pasnuka B  aHTUOKCUAAQHTHUS
KanauuteT Mexay Ko3siTa CypoBaTka,
npovseBefeHa B OBe pasfMyHU MaHapu

Lactobacillus sp

W not fermented
2% kefir grains
W 5% kefir grains

10% kefir grains

E.coli Yeast and moulds

The studies of antioxidant capacity
of goats dairy products are more focused
on milk or fermented milk products
(yogurt, kefir, cheese) and indicates that
they possess capacities to scavenge
radicals (Liu et al., 2004, Pihlanto, 2006,
Yilmaz- Ersan et al., 2016, Shi et al.,
2018, Chavez-Servin et al., 2018) but
little data is available for antioxidant
effects of fermented whey.

The antioxidant capacity of
fermented whey with kefir grains was
evaluated by using three different
methods total phenolic contents (TPC),
reducing power and DPPH radical
scavenging activity.

There is a difference in antioxidant
capacity between the goat whey
produced in two different dairies (Table



(Tabnuua 2).

OowmaT BGpont  MUKPOOPraHn3Mm
(TPC), pobbp M3TOYHMK Ha €CTeCTBEHM
aHTMOKCUOAHTN, OTKPUTU B  MIIeYHUTE
NPOAYKTW, MPOU3XOXAaLm oT ypaxuTe,
N TAXHOTO CbAbpXaHue, 3aBUCU OT
rOAMLUHNA CEe30H, pacTUTENHUS CbCTaB
Ha nacuwaTta M CbCTaBa Ha YCBOEHWS
dypax (Chavez-Servin et al.,, 2018).
CobaobpxaHmeTto MM B HedepmeHTupana
cypoBatka e 65.2 mg Ga/L n 98.2 mg
Ga/L (tab.2). Cnen pobaBsHe Ha
kecbmpHu 3bpHa, TPC ce noBuwM BbLB
BCWYKM  npobum  OT  depmeHTMpana
cypoBaTtka, [OOCTUramkm  Han-BMCOKa
ctonHocT oT 197.1 mg Ga/L (maHgpa A) n
87,7 mg Gal/L (maHgpa B) B cypoBaTtka,
depmenTupana ¢ 10% keduvpHM 3bpHa.
Tean pesyntatm ca pas3nuMyHn B
cpaBHeHue ¢ Yilmaz-Ersan et al., (2016),
KOMTO HabmwpgaBaT HamansgsaHe Ha
cTtoriHocTTa Ha TPC upe3 yBenuyaBaHe
Ha BpemeTo 3a epmeHTauusa Ha kedup
OoT Ko3e Mnsiko. lMoBuweHaTa pagukan-
ynaBsLa aKTUBHOCT Ha
depMeHTUpanaTa cypoBaTka BEPOSTHO €
pe3yntaTt oOT MuKpobuoTa Ha Kedwupa,
cnocobHa pfa npou3Bexda OpraHuyHa
KACEMNMMHA W NenTuau 4Ype3 nu3uc Ha
cypoBaTbyHa Mnakro3a W cypoBaTbyeH
npotenH (Suetsuna et al., 2000, Yilmaz-
Ersan et al., 2016).

2).

The TPC, good sources of natural
antioxidants, found in milk products
originated from the feed and their content
depends on year season, plant
composition of pastures and composition
of ingested forages (Chavez-Servin et al.,
2018).

Their content in non-fermented whey is
65.2 mg Ga/L and 98.2 mg Ga/L (Tab.2).
After addition of kefir grains the content of
TPC increased in all samples of
fermented whey, reaching highest value
of 197.1 mg Ga/L (dairy A) and 87.7 mg
Ga/L (dairy B) in whey fermented with
10% kefir grains.

These results are different compared to
the Yilmaz-Ersan et al., (2016), who
observed reduction in TPC value by
increasing the fermentation time in goat
milk kefir.

The increased scavenging activity of
fermented whey is probably a result of
kefir microbiota capable to produce
organic acid and peptides by whey
lactose and whey protein lysis (Suetsuna
et al., 2000, Yilmaz-Ersan et al., 2016).

Ta6nuua 2. Bb3gencTBme Ha pasniMyHa KOHUEHTpaLuuMa Ha ke(hupHU 3bpHaA BbPXY
aHTUOKCUAAHTHUSA KanauuTeT Ha cypoBaTb4eH kedup
Table 2. Effect of different concentration of kefir grains on antioxidant capacity

of the whey kefir

CypoBaTtka TPC Pepykuno | uHxubupa | CypoBaTka TPC Penykumo | mHxmbupa
depmeHTHp (mg HHa cuna He Ha depmeHTHp (mg HHa cuna He Ha
aHa c GalL) | (abcopby, DPPH aHa c Gal/L) | (abcopby DPPH
KkedpmpHu 1§ npun DPPH % | kedupHu nsa npu
3bpHa 700 nm) inhibition | 3bpHa 700 nm) DPPH %
Fermented Reducing Reducing inhibition
whey with power Fermented power
kefir grains (absorban whey with (absorban

ce at 700 kefir grains ce at 700

nm) nm)
A B

0% k.3./ 98.2 0.980 81.67 0% k.3./ 65.8 0.794 79.26
Kk.g. k.g.
2% k.3./ 187.3 0.922 88.57 2% k.3./ 83.7 0.816 81.99
Kk.g. k.g.
5% k.3./ 189.1 0.907 94.55 5% k.3./ 80.6 0.782 90.86




Kk.g. k.g.
10% k.3./ 197.1 0.902 92.92 10% k.3./ 87.7 0.804 86.49
k.g. k.g.

K.3. — kecbupHu 3bpHa; A- cypoBaTtka npov3sedeHa B mangpa A; B- cyposaTtka npovssedeHa B maHapa b
k.g. — kefir grains; A-whey produced in dairy A; B- whey produced in dairy B

PesyntaTute, nony4eHun oT
M3MepBaHETO Ha pedykuuoHHaTa cuna
(Tabnmua 2), nokaseaT TeHOEHUUs Ha
noHmwkaBaHe B cypoBaTka (maHgpa A),
depmMeHTUpana ¢ pasfMyHO KONMYEeCTBO
KebMpHU 3bpHa, OOKaTO B CypoBaTka OT
MaHgpa b cnen depmeHTaumsita uma
TeHAeHLms Ha  yBenuyaBaHe  Ha
abcopbumsta npu 700 nm. Cnopea
Oyaizu (1986), noBuweHaTta abcopbums
npu 700 nm nokasBa yBenvyaBaHe Ha
peayKUMOHHaTa cvna. MoBnweHa
pedykuMoHHa curna ce otbenasea creq
depMeHTauns Ha cypoBaTka OT MaHApa
B. Pesyntatute 3a peaykumoHHaTa cuna,
Mofy4YyeHn B HacTOSLLETO Mpoy4BaHe, ca
no-BUCOKM OT pesynTtatute Ha Liu et al.,
(2003), KOMTO nscneasat
aHTUOKCUAAHTHaTa aKTMBHOCT Ha Kedmp
OT k03e Mrsiko. ABTopuTe Mocoysart, ve
MMSIKOTO MOXe fa 6bae M3TOYHMK Ha
OMOaKTUBHU MNpOTEMHW W nenTuam (c
aHTMOKCUOAHTEH KanauuTer), KaTo
nocnegHuTe mMorat ga 6baaTt akTMBMpaHu
ype3  eH3MMHa npoTteonuaa unm
obpaboTka Ha xpaHaTa.

CToiHOCTUTE Ha MWHXMOMpaHe Ha
DPPH (Tabnuua 2.) B HedbepMeHTMpana
cypoBaTka ca Manko MO-BUCOKM B
cypoBaTka OT MaHgpa A, cneg ToBa B
maHgpa B. Cnepn pobassiHe Ha kedupHM
3bpHa B cyposartkata, DPPH pagukan-
ynaBsilla akTUBHOCT Ce yBenn4yaBa BbB
depmeHTUpana cypoBaTka OT [ABeTe
MaHOpW C WU3KIKOYEHUE Ha cypoBaTtkaTa,
depmeHTupana ¢ 10% kedupHu 3bpHa.
Tean pesyntatTu ca  CXogHM C
uscrneasaHuata Ha Liu et al., (2004),
Yilmaz-Ersan et al.,, (2016) u ca no-
BNCOKM B cpaBHeHne ¢ Shi et al., (2018).
ABTOpUTE nogyepTaBaT MoOBULLEHATA
aKTMBHOCT Ha (EepPMEHTUPanoTo MIISIKO
(kecpbyp) no oTHoweHue Ha DPPH
pagvikan-ynasswa aKTUBHOCT B
CpaBHEHWe C HedepMeHTMpano MsKo,

The results obtained  from
measurement of reducing power (Tab.2)
shows tendency of decreasing in whey
(dairy A) fermented with different amount
of kefir grains, while in whey from dairy B
after the fermentation there is a tendency
of increasing of absorbance at 700 nm.

According to Oyaizu, (1986) increased
absorbance at 700 nm indicates an
increase in reducing power. Increased
reducing power was noted after
fermentation of whey from dairy B.
Results of reducing power obtained in
this study are higher than the results of
Liu et al., (2003) who studied antioxidant
activity of goat milk kefir.

The authors indicate that milk can be a
source of bioactive proteins and peptides
(with antioxidant capacity) and the last
one can be activated by enzymatic
proteolysis or food processing.

The DPPH inhibition values (Table
2.) in non-fermented whey are slightly
higher in whey from dairy A, then in dairy
B. After the addition of kefir grains in
whey, DPPH radical scavenging activity
increases in fermented whey from both
dairies with the exception of whey
fermented with 10% kefir grains.

These results are similar with the
research of Liu et al., (2004), Yilmaz-
Ersan et al., (2016) and were higher
compared to the Shi et al., (2018). The
authors emphasized the enhanced
activity of fermented milk (kefir) regarding
scavenging the DPPH radical in
comparison to non-fermented milk
probably as a result of activity of kefir



BEPOATHO B pe3ynTaT Ha akTMBHOCTTa Ha
MukpobuoTaTa Ha kedupa.

Bbnpekn Ye pasnukute B cbCTaBa
Ha KeupHMTE 3bpHaA BNUAAT Ha
AHTMOKCHAAHTHMSA KanauuteT Ha
dhepmeHTUpanaTta cypoBaTka, KakTo 1 Ha
CbOTBETHUTE METoAM 3a MW3MepBaHe,
pe3yntatute noka3BaT aHTUOKCUOAHTHUA
noTeHuman Ha depmeHTMpanaTa Koss
cypoBaTtka M Bb3MOXHOCTTa 1 3a 3awuta
OT cBObOOHUTE paguKanu.

n3soau
MNpoyyBaHeTO rnokassa, ye
TbproBckata KO3 CcypoBaTKa  4pe3

npocta TexHomnorust Ha chepMeHTauua ¢
KebupHM 3bpHa MOXe [a Ce NpeBbpHe B

HanuTka c [o6pu XpaHUTENHU
XapaKkTepUCTUKN. XuMunyHuTE
XapakTepucTuku Ha depmeHTupanara

cypoBaTtka He Ce NPOMEHSAT 3Ha4MTenHo
cnen dpepmeHTaumaTa C U3KINKOYEHNe Ha
pH, TUTpyema KUCEMUHHOCT "
CbObpPXaHMe Ha MrevyHa KUCEenuHa.
CypoBartkaTa, chepMeHTMpana ¢ KedupHm
3bpHa, nokassea aHTMMMKKPOOHa
akTmBHOCT cpewly E. coli ATCC 8739 n
Staphylococcus aureus ATCC 9610.
Te3n wamoBe GakTepum He ca OTKPUTK
cneq npouec Ha depmeHTauma ¢ 10%
KeupHU  3bpHa.  AHTUOKCUOQHTHUAT
noTeHuman Ha depmeHTUpanaTa
cypoBaTka W HeWHaTa 3awmTa OT
csobogHMTEe pagukanuM npasBu  Tasu
HanuTka noTeHumnanex ecTecTBeH
aHTUOKCUAAHT. Heobxogumum ca
JONbIHUTENHW M3CnedBaHusA, 3a da ce
JoKaxe, 4Ye Tasn HanuTKa, Npov3BedeHa
C npocTa TexHonorust Ha epmeHTauus,
e pobpa n bOesonacHa 3a KOHCymMauus u
HEVHUAT aHTUOKCMOAHTEH KanauuTeT e
3aJ0BONUTENEH, Taka 4e MOXe Jda ce
n3nona3ea KaTo XxpaHuTenHa pgobaBka B
XpaHEeHEeTO Ha Xopa U >XUBOTHW.
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