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SYNTHESIS AND PHYSICO-CHEMICAL CHARACTERIZATION OF ECOLOGICAL CHITOSAN FROM APIS
MELLIFERA HONEYBEE CHITIN
Annotation

This article presents the results of synthesizing ecological chitosan from Apis Mellifera honeybee chitin by an improved alkaline
deacetylation method and its comprehensive physico-chemical characterization. Three synthesis methods were compared:
conventional alkali, microwave-assisted (1.5 h, 90% deacetylation degree), and ultrasound-assisted methods. FTIR spectroscopy
confirmed characteristic bands: N-H/O-H at 3350 cm™, C=0 at 1655 cm™. TGA showed stability up to 200°C. The synthesized
chitosan (DD 85-90%, MW 150-250 kDa) shows high potential as an ecological additive for biodiesel fuel.

Key words: chitosan, Apis Mellifera, chitin deacetylation, FTIR spectroscopy, thermogravimetric analysis, biodiesel, ecological
additive, deacetylation degree, molecular weight.

CHUHTE3 U ®U3UKO-XUMHUYECKASA XAPAKTEPUCTUKA KOJOI'MYECKU YUCTOI'O XUTO3AHA U3
XATHUHA ITYEJ APIS MELLIFERA
AHHOTanUs

B nmanHOl craThe mpencTaBlIeHBI pe3yNbTAaThl CHHTE3a SKOJOTMUECKH YHCTOTO XWUTO3aHA W3 XHTHHA MEIOHOCHBIX IMYENT Apis
Mellifera. CpaBHeHBI TpH MeTOJa: TpPAAUNHUOHHBINA, MHKpOBOMHOBEIM (1,5 4, cremens peamerwnmpoBanust 90%) u
yieTpa3BykoBoid. FTIR-criekTpockonus moaTBepamia xapakrepuctiuueckue mojocsl. TGA mokasana crabmibHOCTE 10 200°C.
CunresupoBaHHbII xuT03aH (85-90%, 150-250 k/la) mepcrieKTHBEH Kak SKOJOTHYecKast MPUCaIKa K OMOANU3EIIO.

KniwoueBble ciaoBa: xwuro3aH, Apis Mellifera, neanermnupoBanme xwutuHa, FTIR-cmekrpockomus, TGA, Ownoanzens,
9KOJIOTHYECKasl PUCAIKA.

APIS MELLIFERA ASALARI XITINIDAN EKOLOGIK TOZA XITOZANNING SINTEZI VA FIZIK-KIMYOVIY
XOSSALARI
Annotatsiya

Mazkur magolada Apis Mellifera asalari xitinidan takomillashtirilgan ishqoriy deasetillash usuli bilan ekologik toza xitozanning
sintezi natijalari bayon etilgan. Uchta sintez usuli giyoslangan: an‘anaviy (82—85%), mikroto‘lqinli (90%) va ultratovushli (87%).
FTIR spektroskopiyasi 3350 sm™' da N-H/O-H va 1655 sm™ da C=0 absorbsiya polosalarini tasdiqladi. TGA 200°C gacha
barqarorlikni ko‘rsatdi. Sintez qilingan xitozan (85-90%, 150-250 kDa) biodizel uchun istigbolli ekologik qo‘ndirmadir.
Kalit so‘zlar: xitozan, Apis Mellifera, xitin deasetillanishi, FTIR spektroskopiya, termogravimetrik tahlil, biodizel, ekologik toza
go‘ndirma, deasetillash darajasi, molekulyar massa.

Kirish. Xitozan - D-glyukozamin va N-atsetil-D-glyukozaminning tabiiy aminopolisaxaridi bo‘lib, tabiatda ikkinchi
o‘rinda tarqalgan biopolimer xitin ning ishqoriy gidroliz mahsuloti hisoblanadi [1]. Apis Mellifera asalarilarining qobiglari xitin
olishning yangi, arzon va ekologik jihatdan toza manbai bo‘lib, dengiz qisqichbagasimonlariga nisbatan past allergik xususiyatga
ega [2, 3]. O°zbekiston Respublikasi Prezidentining PF-165-2022-son farmonida mahalliy xomashyo asosida ekologik materiallar
ishlab chiqgish ustuvor vazifalar qatorida belgilangan. Shu sababdan, Apis Mellifera xitinidan xitozan sintez usullarini giyoslash
va fizik-kimyoviy xossalarini to‘liq tavsiflash ushbu tadgigotning magsadi hisoblanadi.

Mavzuga oid adabiyotlar tahlili. Younes I. va Rinaudo M. [4] dengiz manbalaridan xitozan olish va xossalari bo‘yicha
keng sharh magolasida D-glyukozamin birliklarining B(1—4) glikozid bog'lari orqali birikishini, deasetillash darajasi 80-90%
bo‘lganda kislotali muhitda eruvchanligi xususiyatini ko‘rsatgan. Khoushab F. va Yamabhai M. [5] asalari xitinining dengiz
xitiniga nisbatan pastroq molekulyar massaga va yuqori tozalikka ega ekanligini aniglagan. Kaur S. va Dhillon G.S. [6] uchta
sintez usulini giyoslab, mikroto‘lqin usulida jarayon vaqti 60—70% gisgarishini aniglagan. Dash M. va boshgalar [7] xitozanning
biologik parchalanuvchanligi, biomuvofigligi va kimyoviy modifikatsiya imkoniyatlarini tahlil gilgan.

Tadgigot metodologiyasi.

Xomashyo: O‘zbekiston asalarichilik xo‘jaliklaridan yig'ilgan Apis Mellifera asalarilarining qobiglari. Xitin olish: (1) 5%
HCI bilan demineralizatsiya, (2) 4% NaOH bilan ogsildan tozalash, (3) H-0: bilan oqartirish. Deasetillash usullari: an'anaviy
(50% NaOH, 110°C, 4-6 soat), mikroto‘lgin (800 W, 1,5 soat), ultratovush (40 kHz). Fizik-kimyoviy tavsif: FTIR (Shimadzu
IRAfinity-1S, 4000400 sm™), TGA/DSC (25-800°C, 10°C/min, N2), viskozimetrik molekulyar massa, DLS (Malvern Zetasizer
Nano ZS).
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1-rasm. Xitin (chapda) va xitozan (o‘ngda) ning kimyoviy tuzilishi

HO—CH, -
o - OH
OH
H{—O
NH—C—(H; | n Np | ™
- <itin (”) - - xitozan

Manba: dissertatsiya, 1.2-rasm (~40-bet)

2-rasm. Xitinning deasetillanish reaksiya sxemasi (xitin — xitozan)
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Manba: dissertatsiya, 1.3.1-rasm (~42-bet)
Tahlil va natijalar.
l-rasmda ko‘rsatilganidek, xitin tarkibida N-atsetilaminoguruhi (-NH-CO-CHs) saglanib, xitozanda deasetillash
natijasida erkin amino guruh (-NH:) hosil bo‘ladi. Aynan shu erkin amino guruhlar xitozanning kimyoviy faolligini va
funksional xossalarini belgilaydi. 2-rasmda NaOH ta'sirida atsetamid guruhlarning gidrolizlanib amino guruh va natriy atsetat
hosil bo‘lishi ko‘rsatilgan.

1-jadval. Xitozan sintez usullarining giyosiy tahlili

Ko‘rsatkich An’anaviy Mikroto‘lqin Ultratovush Optimal
Jarayon vagti, soat 4-6 15 3 1,5-3
NaOH konsentratsiyasi, % | 50 50 40 40-50
Deasetillash darajasi, % 82-85 88-90 85-87 88-90
Molekulyar massa, kDa 200-280 150-220 170-250 150-250
Unumi, % 78-82 85-90 80-85 85-90

Manba: muallif tadgiqotlari asosida

1-jadvalda uchta sintez usulining qiyosiy natijalari keltirilgan. Mikroto‘lqin usuli eng yuqori deasetillash darajasi (88—
90%) va eng gisga jarayon vaqtini (1,5 soat) ta'minladi - an‘anaviy usuldan 2,7 marta tez.

TGA natijalari (3-rasm) xitozanning uch bosgichli termik parchalanishini ko‘rsatdi: 106°C da 3% (sorbsiyalangan suv),
285°C da 25% (glikozid bog'lar), 427°C da 40% (polimer zanjiri degradatsiyasi). 200°C gacha barqarorlik dizel dvigatel
sharoitlari uchun yetarli.

3-rasm. Sintez gilingan xitozanning TGA/DSC tahlili natijalari

Simultaneous Thermal Analysis Sample Curve
won -

wm
5 1842

Temperature: 106°C
Weight: 11.75 mg
Weight Loss Ptreent: 3%

Temperature: 427°C
Weight: 7.67mg
Weight Loss Ptreent: 40%

Temperature: 285°C
Weight: 8.97mg
Weight Loss Ptreent: 25%

Temperature: 755°C
Weight: 4.2mg
Weight Loss Ptreent: 65%

\

Manba: dissertatsiya, TGA tahlili (~108-bet)
4-rasm. Qo‘ndirmasiz va qo‘ndirmali biodizel yoqilg'isida parafin kristallari (polyarizatsion mikroskopiya, -6°C dan -
17°C gacha)

-321 -




0O¢‘zMU xabarlari Becrnuxk HYY3 ACTA NUUz | GEOLOGIYA 2 2025

@ SN Pem () P [

Manba: dissertatsiya, 3.10-rasm (~112-bet)

Xitozanning 0,1% miqdori biodizel yoqilg'isidagi parafin kristallarini sezilarli maydaladi (4-rasm). Bu xitozanning amino
guruhlarining parafin kristallari yuzasiga adsorbsiyalanib, ularning o‘sishini inhibe qilishi bilan izohlanadi. pH 3 da zeta-
potentsial +35,2 mV bo‘lib, eritmaning kolloid barqarorligini tasdigladi.

Xulosa va takliflar.

1. Apis Mellifera asalari xitinidan mikroto‘lqin usuli bilan ekologik toza xitozan sintez qilindi: deasetillash darajasi 88—
90%, unumi 85-90%, jarayon davomiyligi 1,5 soat (an’anaviy usuldan 2,7 marta tez).

2. FTIR spektroskopiya xitozanning tuzilishini tasdigladi: 3350 sm™ da O—H/N-H, 1655 sm™ da C=0, 897 sm™ da f-
glikozid bog* signallari.

3. TGA/DSC tahlili xitozanning 200°C gacha issiqlikka barqarorligini isbotladi — dizel dvigatel sharoitida qo‘ndirma
sifatida ishlatish uchun yetarli.

4. Polyarizatsion mikroskopiya xitozanning 0,1% da parafin kristallari o‘sishini samarali inhibe qilishini ko‘rsatdi; DLS
bo‘yicha kislotali muhitda kolloid barqarorlik yetarli (+35,2 mV).

Mabhalliy asalarichilik chiqindilari asosida sanoat miqyosida ekologik toza xitozan ishlab chiqarish O‘zbekiston kimyo
sanoatining import o‘rnini bosishga muhim hissa qo‘shadi.
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