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Annotatsiya. Ushbu maqolada uzum sirkasining antifungal xususiyatlarini
o‘rganishning zamonaviy laboratoriya metodlari tizimli ravishda tahlil gilinadi.
Tadqiqotda uzum sirkasining turli konsentratsiyalari (10-100 %) in vitro sharoitda
patogen zamburug‘lar — Candida albicans, Aspergillus niger, Trichophyton
rubrum va Penicillium spp. ga nisbatan antifungal faolligini baholash uchun disk
diffuziya metodi, agar quduq diffuziyasi, bulama suyultirish usuli va minimal
ingibitsiya konsentratsiyasi (MIK) aniglash texnikalari qo‘llanilgan. Tajribalar
natijasida uzum sirkasining asosiy faol komponenti bo‘lgan sirka kislotasi yuqori
konsentratsiyalarda zamburug* hujayra membranasini buzishi va o‘sishni to‘xtatishi
isbotlangan. Shuningdek, sirka ekstraktlarining termal va pH barqarorligi ham
o‘rganilib, ularning tabiiy antifungal vosita sifatida tibbiyot, farmatsevtika va ozig-
ovgat sanoatida qo‘llash istigbollari baholangan. Olingan natijalar uzum sirkasining
sintetik antifungal preparatlarning mugqobili sifatida ishlatilishini ilmiy asoslab
beradi.

Kalit so‘zlar: uzum sirkasi, antifungal xususiyatlar, sirka kislotasi, in vitro
testlar, disk diffuziya metodi, agar quduq diffuziyasi, minimal ingibitsiya
konsentratsiyasi (MIK), Candida albicans, Aspergillus niger, tabily antifungal
vositalar.

Abstract. This article provides a systematic analysis of modern laboratory
methods for studying the antifungal properties of grape vinegar. In the study, various
concentrations of grape vinegar (10-100 %) were tested in vitro against pathogenic
fungi such as Candida albicans, Aspergillus niger, Trichophyton rubrum, and
Penicillium spp. The following techniques were used to evaluate antifungal activity:
disk diffusion method, agar well diffusion method, broth dilution method, and
determination of the minimum inhibitory concentration (MIC). The experiments
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demonstrated that acetic acid, the main active component of grape vinegar, disrupts
fungal cell membranes and inhibits growth at high concentrations. Additionally, the
thermal and pH stability of vinegar extracts was investigated, and the prospects for
using them as natural antifungal agents in medicine, pharmaceuticals, and the food
industry were evaluated. The obtained results scientifically substantiate the use of
grape vinegar as an alternative to synthetic antifungal preparations.

Keywords: grape vinegar, antifungal properties, acetic acid, in vitro tests,
disk diffusion method, agar well diffusion method, minimum inhibitory
concentration (MIC), Candida albicans, Aspergillus niger, natural antifungal agents.

AnHOoTanmsa. B [maHHOM cTaTbe TPOBOAUTCS CUCTEMHBIM  aHAINU3
COBpEeMEHHbIX JIabOpaTOpPHbIX METONOB W3y4YeHMS aHTUTPUOKOBBIX CBOWCTB
BMHOTPAIHOTO yKcyca. B nccmeqoBanmm pasamyHbie KOHIIEHTPAIMM BUHOT' PAAHOTO
ykcyca (10-100 %) TecTupoBaiuch in vitro mpoTuB NaTOreHHbIX rpnboB — Candida
albicans, Aspergillus niger, Trichophyton rubrum wn Penicillium spp. [Ia1s olieHKuU
aAHTUTPMOKOBOM aKTUMBHOCTY IMPUMEHSUIUCH CAeAYIOIINe MEeTOIbl: METOI AVICKOBOM
nuddysun, metron nuddys3un B arapoBbIX JyHKaX, METOJ pa3BeleHMs B OyIbOoHe U
orpenesieHe ~ MMHMUMAaJbHOM  MHTMOMpyouien  KoHueHTpauuu  (MUK).
OKCIIepMMEHTHI ITOKAa3aJjIi, YTO YKCYCHAsI KMCJIOTa, OCHOBHO aKTMBHBIN KOMITOHEHT
BMHOTPAJHOTO YKCyCa, MpM BBICOKMX KOHILIEHTpaUMSIX HapyllaeT MeMOpaHbl
IPUMOKOBBIX KJIETOK M OCTaHaBiuBaeT uxX pocT. Kpome Toro, 6mnuia m3ydyeHa
TepMuueckasi ¥ pH-CTaGMIBHOCTH 3KCTPAKTOB YKCyCa, a TaKXKe OlleHeHbl
MepCIeKTUBbI X MPUMEHEeHMs B KaueCTBe HaTypabHbIX aHTUTPMOKOBBIX CPEJICTB B
MenuiiMHe, ¢apMaleBTMKe ¥ TUINEBOM MpOMbIUIeHHOCTH. [losiyueHHbIe
pe3yJibTaTbl HAay4YHO OOOCHOBBIBAIOT MCIIOJb30BaHME BMHOTPAZHOIO YKCyca B
KayecTBe aJIbTepHATUBbI CUMHTETUUECKMM aHTUTPUOKOBBIM ITperapaTam.

KnwoueBble c/10Ba: BMHOTPAAHbIM YKCYC, AaHTUIPMOKOBBIE CBOMCTBA,
YKCYyCHasl KUCJIOTa, TeCTHI in vitro, MeTon auckoBon nuddysun, meton nuddysun B
arapoBbIX JIYHKaX, MMHMMaIbHasl MHTMoupytoias KoHentpauust (MUK), Candida
albicans, Aspergillus niger, HaTypaJbHble aHTUT'PMOKOBBIE CPeICTBA.

KIRISH

So‘nggi yillarda ozig-ovqat mahsulotlarini saglashda tabiiy konservantlardan
foydalanish masalasi ozig-ovqat texnologiyasi va biotexnologiya sohalarida dolzarb
ilmiy vyo‘nalishlardan biri hisoblanadi. Meva va sabzavotlarning saglanish
jarayonida ularning sifatini pasaytiruvchi asosiy omillardan biri mikroskopik
zamburug‘lar hisoblanadi. Xususan, Botrytis cinerea, Penicillium expansum,
Aspergillus niger va Rhizopus stolonifer kabi zamburug ‘lar mevalarning chirishiga
sabab bo‘lib, mahsulotning saglanish muddatini sezilarli darajada qisqartiradi. Shu
sababli ushbu mikroorganizmlarga garshi tabiiy antimikrob vositalarni izlash muhim
ilmiy vazifalardan biri hisoblanadi.

Tabiiy fermentatsiya mahsuloti bo‘lgan uzum sirkasi tarkibida sirka kislotasi,
boshqga organik kislotalar, fenolik birikmalar va antioksidant moddalar mavjud
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bo‘lib, ular mikroorganizmlarga qarshi faollik ko‘rsatishi mumkin. Tadqiqotlar
shuni ko‘rsatadiki, sirka tarkibidagi organik Kkislotalar mikroorganizmlar
hujayrasining membranasiga ta’sir gilib, hujayra ichki muhitining pH muvozanatini
buzadi va metabolik jarayonlarni izdan chiqaradi. Natijada mikroorganizmlarning
o‘sishi va rivojlanishi inhibe gilinadi (Budak va boshg., 2014; Chen va Chen, 2016).
Bir gator ilmiy tadqgiqotlarda turli xil meva sirkalari, jumladan uzum sirkasi,
antibakterial va antifungal xususiyatlarga ega ekanligi aniglangan. Masalan,
Ousaaid va hammualliflar (2020) meva sirkalarining mikroorganizmlarga qarshi
faolligini o‘rganib, ularning patogen bakteriyalar va zamburug‘larning o‘sishini
sezilarli darajada inhibe qilishini aniglagan. Kelebek va Selli (2011) tadqgiqotlariga
ko‘ra, uzum sirkasida fenolik birikmalar va flavonoidlarning mavjudligi uning
antioksidant va antimikrob xususiyatlarini kuchaytiradi. Shuningdek, Sengun va
Karabiyikli (2011) sirkaning ozig-ovqat xavfsizligini ta’minlashdagi ahamiyatini
ta’kidlab, uni tabiiy konservant sifatida qo‘llash mumkinligini ko‘rsatgan. Shu
sababli uzum sirkasining antifungal xususiyatlarini o‘rganish ozig-ovgat
mahsulotlarini saglash texnologiyasini takomillashtirish nuqtai nazaridan muhim
ilmiy ahamiyatga ega. Ushbu tadgiqotda uzum sirkasining zamburug‘larga qarshi
faolligi mikrobiologiyada keng qo‘llaniladigan agar diffuziya usuli hamda minimal
inhibitiv konsentratsiyani aniglash (MIC) usullari yordamida o ‘rganildi.

MATERIALLAR VA USLUBLAR

Uzum sirkasining zamburug‘larga qarshi faolligini aniglash uchun
mikrobiologiyada keng qo‘llaniladigan agar diffuziya usuli (agar diffusion method)
va minimal inhibitiv konsentratsiyani aniqlash (MIC) usullaridan foydalanildi.

Tadgiqot obyekti. Tadgigot ob’ekti sifatida quyidagi sirka namunalaridan
foydalanildi: tabiiy fermentatsiya yo‘li bilan olingan uzum sirkasi va kimyoviy usul
bilan olinggan uzum sirkasi . Tadqiqot davomida mevalarda keng tarqalgan quyidagi
mikroskopik zamburug® turlari test mikroorganizmlar sifatida tanlandi:

1-jadval
Zamburug‘larning mevalarga ta‘sir turlarining sxematik ko‘rinishi
Zamburug* turi Zararlaydigan mahsulot
Botrytis cinerea uzum, qulupnay
Penicillium expansum olma
Aspergillus niger quritilgan mevalar
Rhizopus stolonifer yumshoq mevalar

Uzum sirkasining antifungal faolligini aniglash uchun mikrobiologiyada keng
qo‘llaniladigan agar diffuziya usulidan foydalanildi. Bu usulda aniglsh uchun
quyidagi materiallar kerak bo‘ladi: PDA (Potato Dextrose Agar) oziqa mubhiti , Petri
likopchalari, steril pipetkalar, termostat, zamburug® kulturasi, uzum sirkasi
namunasi.
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Tajriba o‘tkazish tartibi:

1. Mevalar mos konsentratsiyadagi sirka eritmasida 5 minut davomida yuvildi.

2. Keyin quritilib saglash kameralariga joylashtirildi.

3. Saglash harorati 4-6 °C darajada ushlab turildi.

4. Kuzatuv muddati 15-20 kunni tashkil etdi.

Tajriba davomida quyidagi ko ‘rsatkichlar baholandi: chirigan mevalar ulushi

(%), mikroorganizmlar soni , organoleptik sifat ko ‘rsatkichlari, massa yo‘qotilishi.
Tadgiqot natijalari statistik wusullar yordamida qayta ishlanib, quyidagi
ko‘rsatkichlar hisoblandi: o‘rtacha giymat (M), standart og‘ish (SD), tahlili
(ANOVA) hisoblandi.

NATIJALAR VA MUNOZARA

Natijalar hosil bo‘lgan inhibe zona uzunligiga ko‘ra faollik darajasi past
(<5mm), o‘rtacha (5-10mm), yuqori (>10mm) deb baholanadi. Minimal inhibitiv
konsentratsiya (MIC) — mikroorganizmlarning o‘sishini to‘xtata oladigan eng past
sirka konsentratsiyasi hisoblanadi. Minimal inhibitiv konsentratsiyani aniglash
quyidagicha amalga oshirish tartibi: Uzum sirkasining quyidagi konsentratsiyalari
tayyorlandi: 0,5 % , 1,0 %, 2,0 %, 3,0 %, 5,0 % . Har bir eritmaga zamburug®
suspenziyasi qo‘shildi. Namunalar 25-28 °C haroratda 48 soat davomida
inkubatsiya qilindi. Inkubatsiyadan so‘ng zamburug® o‘sishi vizual ravishda
baholandi. MIC giymati zamburug® o‘sishi kuzatilmagan eng past konsentratsiya
sifatida qabul qilindi. Uzum sirkasining mevalarni saqlashdagi samaradorligini
aniqglash uchun quyidagi mevalar tanlandi: uzum, olma, qulupnay.

Uzum sirkasining
zamburug’ o'sishiga ta'siri
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PDA oziga muhiti tayyorlanib Petri kosachalariga quyildi.

Muhit yuzasiga zamburug® sporalarining suspenziyasi teng tagsimlandi.

Steril disk yoki quduqcha usuli yordamida uzum sirkasi namunasi muhitga

kiritildi.

4. Petri kosachalari 25-28 °C haroratda 48-72 soat davomida inkubatsiya
qilindi.

5. Inkubatsiyadan so‘ng zamburug‘ o‘sishining to‘xtagan zonasi — inhibisiya
zonasi diametri o‘lchandi.

AN
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2-rasm. Sirka konsentratsiyasi, tashqi ko‘rinish ballari va saqlanish
samaradorligi

XULOSA
Uzum sirkasining antifungal xususiyatlarini o‘rganish uchun agar diffuziya
usuli va minimal inhibitiv konsentratsiyani aniqlash usullari samarali metodlar
hisoblanadi. Ushbu usullar uzum sirkasining zamburug‘larning o‘sishini inhibe
qilish darajasini aniglash imkonini beradi. Bundan tashqari, uzum sirkasi eritmalari
bilan ishlov berish mevalarning saqlanish muddatini uzaytirish va ularning
mikrobiologik xavfsizligini oshirishda muhim ahamiyatga ega.
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