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MAY QO‘NG‘IZIDAN OLINGAN XITIN VA XITOZAN MODDALARINING TERMIK
TAHLILI

TEPMUYECKUN AHANU3 XUTUHA N XUTO3AHA, NONTYYEHHBIX U3 XXYKA-MANA
THERMAL ANALYSIS OF CHITIN AND CHITOSAN DERIVED FROM MAY BEETLES

Karimov Sherali Xasanovich
Farg‘ona davlat universiteti, kimyo kafedrasi o‘gituvchisi

Annotatsiya

Xitin va xitozan moddalari uglerod hamda azot elementlarini oz ichiga olgan ko‘pchilik boshqa birikmalar
singari, ushbu elementlarning tabiatdagi global sikllarida faol ishtirok etadi. Xitin tabiatda uchta asosiy manbaga ega
(gisgichbaqasimonlar qobig'i, hasharotlar kutikulasi va mitselial zamburug‘laring hujayra devori). Dunyo amaliyotida ko'p
foydalaniladigan xitin, xitozan moddalarining asosiy xomashyolariga alternativ manbaa sifatida mamlakatimizda keng
tarqalgan, reproduksiyasi yuqori bo‘lgan may qo‘ng‘izidan xitin (polimorf shakli y, kristallik darajasi 24,80 %) ajratib olindi
hamda deatsetillanish darajasi 89,1 % bo‘lgan xitozan (kristallik darajasi 11,30 %)ga o'‘tkazildi. Ushbu moddalar termik
tahlil gilinganda xitinning maksimal parchalanish harorati 365,20 °C, xitozanniki esa 292,53 °C ekanligi, bu qiymatlar xitin
moddasining polimorf shakli, kristallik darajasi, makromolekulasining o‘lchamiga va xitozanning deatsetillanish darajasiga
bogliq holda o‘zgarishi aniglandi.

AHHOMauus

CoeduHeHUs1 xumuHa U xumo3aHa, Kak U MHozaue Opysue cOeOUHeHus, codepxaujue yenepod u asom,
aKmugHo y4acmeytom 8 2106anbHbIX UUKIax 3mux aneMeHmos 8 rpupode. XumuH uMeem mpu OCHOBHbIX UCMOYHUKa
8 npupode: pakoBUHbI paKkoobpa3sHbIX, KYMUKY/bl HACEKOMbIX U KIIEMOYHbI€ CMEHKU MuuenuarnbHbix 2pubos. XumuH,
WUPOKO ucrnonib3yembili 8 Mupoegoll rpakmuke, 6bii ebidenieH u3 Malicko20 Xyka, Komopbil pacrnpocmpaHeH 8 Hawel
cmpaHe U UMeem 8bICOKYr pernpolyKmugHyro crnocobHocmb. XumuH (nonumopchHasi ¢popma Yy, cmeneHb
KpucmasnudyHocmu 24,80%) 6bin nonyyeH u rnpeobpas3osaH 8 xumo3aH €O cmeneHblo deauemunuposaHusi 89,1%
(cmeneHb kpucmannu4yHocmu 11,30%). [pu mepmuyeckom aHanuse amux eewjecms OblI0 ycmaHO8/IEHO, 4YmO
MaKcumasbHas memrnepamypa pasfioxeHus XumuHa cocmaensem 365,20 °C, a xumo3aHa — 292,53 °C. Omu 3Ha4YeHusi
U3MeHslomess 8 3asucumMocmu  Oom  fonumMopchHol  ¢hopMbl  XUmMUHa, CmerneHu KpucmaniauyHocmu, pasmepa
MaKpoMOIeKysbl U cmerneHu deauemuruposaHust Xumo3aHa.

Abstract

Chitin and chitosan compounds, like many other compounds containing carbon and nitrogen elements, actively
participate in the global cycles of these elements in nature. Chitin has three main sources in nature: crustacean shells,
insect cuticles, and the cell walls of mycelial fungi. Chitin, widely used in global practice, was isolated from the may
beetle, which is abundant in our country and has a high reproduction rate. The chitin (polymorphic form vy, crystallinity
level 24.80%) was obtained and converted into chitosan with a degree of deacetylation of 89.1% (crystallinity level
11.30%). Thermal analysis of these substances revealed that the maximum decomposition temperature of chitin is
365.20 °C, while that of chitosan is 292.53 °C. These values were found to vary depending on the polymorphic form of
chitin, the degree of crystallinity, the size of the macromolecule, and the degree of deacetylation of chitosan.

Kalit so‘zlar: xom ashyo, may qo'ng‘izi, xitin, xitozan, termik tahlil, termogramma, differensial skanerlovchi
kolorimetriya, deatsetillanish darajasi, krisstallik darajasi, polimorf shakl.

Knroyeeble cnoea: chipbe, MalCKul XyK, XUMUH, XUmo3aH, mepMuyeckul aHanu3, mepmozspaMmma,
OuhhepeHyuanbHas cKkaHupyruwasi Kamopumempus, cmeneHb OeauemusnuposaHusi, cmerneHb KpucmaniauyHocmu,
nonumopghHas popma.

Key words: raw material, may beetle, chitin, chitosan, thermal analysis, thermogram, differential scanning
calorimetry, degree of deacetylation, degree of crystallinity, polymorphic form.
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Xitin manbalari tabiatda juda ko‘p va xilma-xil bo‘lishiga qaramay eng asosiysi go‘shti uchun
ovlanadigan gisqichbagasimonlar bo‘lib golmogda. Shundan kelib chigib sanoat miqyosida xitin va
xitozan ishlab chigarish bilan ochiqg dengizga to‘g‘ridan-to‘g’ri chiga oladigan davlatlar
shug‘ullanishi tabiiy holdir.

Xitin va xitozan moddalari uglerod hamda azot elementlarini o'z ichiga olgan ko‘pchilik
boshga birikmalar singari, ushbu elementlarning tabiatdagi global sikllarida faol ishtirok etadi. Xitin
tabiatda uchta asosiy manbaga ega (gisgichbaqasimonlar qobig‘i, hasharotlar kutikulasi va
mitselial zamburug‘larning hujayra devori). U ko‘pchilik hayvonlarning qurilish materiali bo'lib,
ularda asosan qo‘llab-quvvatlovchi funksiyani bajaradi. Odatda boshga moddalar bilan birgalikda
uchraydi (1-jadval) va tabiatda tarqalishi jihatidan biopolimerlar qatorida sellyulozadan keyin
ikkinchi o'rinni egallaydi [1,2,3].

1-jadval
Xitin saglagan ayrim manbalar tarkibida uchraydigan moddalar (%)
Xomashyo nomi . - Mineral o,

(qurug) Ogsillar Lipidlar moddalar Xitin
Kirill gisgichbaqgasi qobig'i 25-30 1-3 20-22 25-30
Pushti shimol kravetkasi qobig‘i 43-55 10,5-13,5 26-29 17-20
Gammarus gisgichbaqasi qobig‘i | 50-54 6-8,5 15-18 22.25
Krab gisqichbagasi qobig'i 25-30 2-4 35-40 24-30
Daryo gisgichbaqasi qobig'i 22-27 3-6 41-51 22-37
Kalmar gladiusi — 2-5 0,5-2 28-35

Yugqoridagilardan xulosa qilish mumkinki, xitinning bizda mavjud bo‘lgan eng asosiy
manbasi hasharotlardir. Tadqgigotimiz davomida dunyo amaliyotida ko‘p foydalaniladigan xitin va
xitozan manbalariga alternativ xomashyo sifatida yurtimizda keng tarqalgan may go‘ng‘izidan xitin
ajratib olindi. U yuqori unum bilan xitozanga o‘tkazildi.

Olingan mahsulotlarning termik hususiyatlarini termogravimetrik va differensial skanerlovchi
kalorimetriya usullari yordamida tahlil gilishni magsad qilib oldik.

ADABIYOTLAR TAHLILI VA METODOLOGIYA

Xitin biopolimeri gisqichbagasimonlar qobig‘ida ogsillar va kalsiy bilan bog‘langan [4,5],
hasharotlarning kutikulasida esa xitin-melanin kompleksi shaklida mavjud [6]. Zamburug‘larning
hujayra devorida xitin asosan B 1-3 glyukan bilan kompleksda joylashgan va mitselial gifalarning
asosiy strukturaviy polisaxarididir. Zigomitset zamburug‘larining hujayra devorlarida deatsetilazalar
ta’sirida hosil bo‘lgan xitin va xitozan mavjud bo‘ladi [7-8].

Xitin  tirikk organizmlarda asosan artropodlarning tashqi ekzoskeletlarini, bazi
sefalopodlarning ichki qo'llab-quvvatlovchi plitalarini, pogonofor naychalaridagi to‘rsimon
tuzilmalarni va zamburug‘larning hujayra devorlarini hosil qilib, tirik organizmlarda muhim hayotiy
vazifalarni bajaradi. Hujayra yaxlitligini ta’minlash [9], shuningdek, uglerod va azot manbayi sifatida
mikrobial tuzilmalarda muhim trofik rol o‘ynaydi. Bundan tashqari, xitin va xitozan (va uning
hosilalari) o‘simliklar va zamburug‘lar o‘rtasidagi xost-patogen o‘zaro ta’sirida ishtirok etadigan
signal beruvchi moddalardir, shuningdek, immunitet va simbiotik alogalarni shakllantirishda ham
ishtirok etadi [10, 11].

Termogravimetrik analiz (TGA) — xitin va xitozan moddalarining termik bargarorligini
aniglashda TGA — Q500 (TA Instruments, USA) dan foydalanildi. Analiz jarayonida 5 mg
og'irlikdagi namunalar 10 °C/min tezlik, N> atmosferasi (60 ml/min™') da, 30-920 °C harorat
intervalida, platinali tigel yordamida olib borildi.

Differensial skanerlovchi kalorimetriya (DSC) — xitin va xitozan moddalarining termik
hususiyatlari DSC Mettler Toledo (DSC822e, USA) dan foydalanib aniglandi. Jarayon 5 mg
og‘irlikdagi namunalar uchun N atmosferasi (60 ml*min™') da, 0-400 °C harorat intervalida,
alyuminiyli tigel yordamida amalga oshirildi.
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NATIJALAR VA MUHOKAMA

May qo‘ng‘izidan olingan xitin tuzilishini termik usulda (TGA/DSC) o‘rganish. Xitin
termogrammasida dan uch xil harorat intervalida massa kamayishi kuzatildi (1-rasm). Dastlabki
massa Yyo‘qotilishi (50-110 °C haroratda 5%) xitinga adsorbsiyalangan hamda molekulalararo
vodorod bog'lar orgali bog‘langan suvning bug‘lanib chigishining natijasidir. Massaning 42% qismi
230-410 °C haroratda yo‘qotiladi. Bunga sabab polimerning glikozid bog‘ari uzilishi hisobiga
saxarid strukturasining parchalanishi, yani xalgalarning degidratlanishi hamda atsil guruhlarning
ajralishidir. 250-450 °C harorat oralig‘idagi massa yo‘qotilishi H.O, NH3, CO, CO,, CH4, CH3COOH
va boshqa quyi molekulyar moddalarning hosil bo‘lishi hamda ajralib chigishining natijasidir. So‘ngi
bosqichdagi massa yo‘qotilishi 916 °C haroratda 97 % ni tashkil etadi. Bu esa piranoza xalqasining
termik parchalanishi va qoldiq uglerodning ajralib chiqishi hisobiga amalga oshgan. 950 °C
haroratgacha qizdiriiganda golgan qoldiqg 2,85% ni tashkil etdi. Bu esa namunada oz migdorda
minerallar saglanib golganligini bildiradi.

May qo’ng‘izi xitinining maksimal parchalanish harorati (DTGmax) 365,20 °C haroratni tashkil

etishini differensial termogramma (DTG) dan ko‘rish mumkin (1-rasm).
1DD 2
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1-rasm. May qo‘ng‘izidan olingan xitinning TGA/DTG termogrammasi termogrammasi

Olingan xitin moddasining termik xossalari tekshirishda DSC usulidan ham foydalanildi.
Usul issiglik ta’sirida moddadagi fazaviy o‘zgarishlarni kuzatishga asoslangan. Bunda namuna
tomonidan yutilgan hamda chigarilgan energiyaning migdori vaqt va haroratga nisbatan aniglandi.
Natijada may qo‘ng'izi xitinining tozalik darajasi, termik bargarorligi hagida ma’lumotlar olindi.

May qo‘ng‘izidan ajratib olingan xitin moddasining DSC termogrammasi dan (2-rasm) 40-
120 °C harorat oraligiidagi 96,60 °C haroratda polimer zanjiriga bog‘langan va unga
absorbsiyalangan suvning bug‘lanishi
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kelgan endotermik cho‘qqini kuzatish mumkin. Maksimal parchalanish 362,88 °C haroratda yuz
berdi.

2-rasm. May go‘ng‘izidan olingan xitinning (DSC) termogrammasi
Termik parchalanish harorati xitin moddasining polimorf shakli, kristallik darajasi,
makromolekulasining o‘lchamiga (polimerlanish darajasi) bog‘liq holda o‘zgarishi mumkin.
May qo‘ng‘izidan olingan xitozanning tuzilishini termik usulda (TGA/DSC) o‘rganish.
Xitozan termogramma (TGA) sidan (3-rasm) uchta parchalanish bosgichlari mavjudligini bilish

mumKkin.
111
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3-rasm. May qo‘ng‘izi asosida olingan xitozan (TGA) termogrammasi

Birinchi bosqichda 45-100 °C harorat oralig‘ida 58,34 °C haroratda eng kam 3,5% massa
yo‘gotilishi suvning bug‘lanishi hisobiga yuzaga kelgan. Ikkinchi bosgichda 225-400 °C harorat
oraligiida 311,03 °C haroratda eng yuqori 50% gacha massa yo‘qotilgan. Bu esa polimerning
termik va oksidlanib parchalanishi, bug‘lanish hamda uchuvchan mahsulotlarning hosil bo'lishi
hamda ajralib chigishi hisobiga kuzatilgan. Xitozan pirolizi natijasida glikozid bog‘lar betartib uziladi
hamda sirka, moy va boshqa bir qator quyi molekulyar yog' kislotalari ajralib chigadi. Bunda C, Cs
va Cs uglerod atomlari ustunlik giladi (4-rasm). Uchinchi bosqgichda massa yo‘qotilishi 93,13 %
bo'lib, 881,22 °C haroratda amalga oshadi. Differensial termogramma (DTG) dan xitozanning
maksimal parchalanish harorati (DTGmax) 292,53 °C haroratga teng ekanligini ko‘rishimiz mumkin
(5-rasm). Ushbu sohadagi parchalanish polimer molekulalarining deatsetillangan qismi
parchalanishi natijasida yuzaga kelgan.
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Xitin m Xitozan

4-rasm. Xitin va xitozan tuzilishi

40-130 °C harorat oralig‘ida 88,28 °C haroratda xitozan DSC termogrammasidan (5-rasm)
suvning bug‘lanishi natijasida vujudga kelgan endotermik cho‘qqini ko‘rish mumkin.
1
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5-rasm. May qo‘ng‘izi asosida olingan xitozan (DSC) termogrammasi

Moddalarning suvni saqglash qobiliyati, makromolekulalarning suv bilan o‘zaro
ta’sirlashuvidagi farglar tufayli xitin va uning deatsetillangan hosilasi xitozanning endotermik
cho'qqilarida farglar kuzatilgan. Xitozanning maksimal parchalanish harorati 297,05 °C haroratga
teng bo'lib, aminoguruhlarning ajralib chigishi hisobiga ekzotermik cho‘qqgi kuzatildi. Spektrlardan
xitozanning termik barqarorligi xitinga qaraganda kam ekanligini bilish mumkin. Bu esa
deatsetillanish darajasiga bog'liq holda o‘zgarib boradigan ko‘rsatkichdir.

XULOSA

Dunyo amaliyotida ko‘p foydalaniladigan xitin, xitozan moddalarining asosiy xomashyolariga
alternativ manbaa sifatida mamlakatimizda keng tarqalgan, reproduksiyasi yuqori bo‘lgan may
go‘ng‘izidan xitin (polimorf shakli y, kristallik darajasi 24,80 %) ajratib olindi hamda deatsetillanish
darajasi 89,1 % bo‘lgan xitozan (kristallik darajasi 11,30 %)ga o‘tkazildi. Ushbu moddalar termik
tahlil gilinganda xitinning maksimal parchalanish harorati 365,20 °C, xitozanniki esa 292,53 °C
ekanligi, bu giymatlar xitin moddasining polimorf shakli, kristallik darajasi, makromolekulasining
o‘lchamiga va xitozanning deatsetillanish darajasiga bog‘liq holda o‘zgarishi aniglandi.
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