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MO DAU

Ngay nay an toan thyc pham la van d& duoc ca xd hoi quan tm vi nd
khéng chi anh huang truc tiép dén sirc khoe con nguroi, dén sy phét trién cua
gidng ndi ma con anh huong dén kinh té va sy phat trién xa hoi. Voi mong
mubn kéo dai thoi gian bao quan ma khong lam anh hudng dén chét lugng
thuc pham va sirc khoe ngudi dung, cac nha khoa hoc ludn phai khéng ngimng
xay dung phuong phap bao quan ciing nhu nghién ciru ché tao cac chat bao
quan mai. Xu huéng hién tai 1a wu tién dung cac chat bao quan cé nguén géc
tu nhién, bao gom: cac loai tinh dau tir thuc vat nhu hung qué, xa huong, bac
ha,.. ; cac enzyme tir dong vat nhu lysozyme, lactoferrin; cac chét khang sinh
tu vi sinh vat nhu nicin, natamycin; cac axit hitu co nhu: axit sorbic,
propionic, va citric; va cac polyme tu nhién nhu: carrageenan, chitosan,.. .

Trong sé cac polyme tu nhién c6 tiém ning tng dung bao quan thuc
pham, chitosan nhan dugc nhiéu sy quan tam nghién ctiu va phat trién tng
dung. Hang nam, c6 khoang 10 ti tan chitin dwoc san xuét ra trén thé gidi,
day 1a ngudn nguyén liéu ddi dao dé ché tao chitosan. Bén canh do, chitosan
con sé hiru nhiéu didc tinh quy bau nhu khong doc, c6 kha niang phan hiy
sinh hoc, ¢6 tinh khang vi sinh vat va khang oxy hoa,.. . Vi vdy d c6 nhiéu
cdng trinh nghién ciu tng dung chitosan dé bao quan thuc phim nhu bao
quan thit, lam mang bao thuc pham,.. . Tuy nhién, cac tng dung nay van con
han ché do hoat tinh sinh hoc cua chitosan khong 6n dinh va bi tac dong boi
nhiéu yéu té, ndi bat 1 han ché vé do tan cua chitosan. Chitosan chi tan trong
khoang pH axit, & mdi truong trung tinh hay kiém ching sé bi taa va giam
hoat tinh sinh hoc. Pé khic phuc nhuoc diém nay, da c6 nhiéu cong trinh
nghién ciru thyc hién bién dbi hoa hoc chitosan nhim cai thién do tan va gia
tang cac hoat tinh sinh hoc. Phan itng Maillard gitra chitosan vai cac loai
duong khir dd duoc tién hanh nghién cau tir 1au. Pay dugc xem la mot
"phwong phap xanh" dé tong hop dan xuat cua chitosan, do phan ing dé thuc



hién, khong sir dung chat xuc tac hda hoc nén tranh 1am 6 nhidm moéi truong,
dic biét 1a cac dan xuat chitosan gan véi duong khir bang phan tmg Maillard
c6 thé tan trong nudc va ¢ hoat tinh khang oxy hoa, khang khuan manh.
Trong sé céc loai din xuat cua chitosan gan véi duong khir, dan xuat
chitosan-glucosamine thé hién hoat tinh sinh hoc vuot troi ngay ca trong diéu
kién pH 7. Dac biét, phan ung Maillard thyuc hién bang phuong phap chiéu
xa tia gamma, san pham sau phan tng khéng chira san pham phu gy doc
nhu 5-hydroxymethylfurfural. Vi vay phan img Maillard rat phi hop dé ché
tao cac dan xuat cua chitosan diing cho muc dich bao quan thyc pham.

Tuy nhién cho dén nay, s6 lugng cac cong bd khoa hoc vé g dung phan
g Maillard theo phuong phap chiéu xa tia gamma dé ché tao dan xuét
chitosan van con han ché, dic biét 1a dan xuét chitosan gan vai glucosamine.
Vi vay nghién ciu sinh tién hanh thuc hién dé tai "Nghién cizu ché tgo dan
Xudt chitosan - glucosamine trén co sé phan ing Maillard bang chiéu xa
gamma Co-60 va danh gid mét s6 hoat tinh sinh hoc". Muc tiéu cua dé tai la
nghién ctru dénh gia cac yéu té anh hudng dén phan ung Maillard: liéu xa,
tong nong do, ty 1é ndng do cac chat tham gia phan ¢ng,.. . Bén canh dé, anh
huong caa khéi luong phan tir chitosan dén hoat tinh sinh hoc cua dan xuat
chitosan-glucosamine ciing dwgc nghién cau. Tiép theo, dan xuét chitosan-
glucosamine dugc nghién ciru tng dung 1am chat bao quan trong thuc pham.

Céc noi dung nghién ctu cua dé tai bao gom:
- Ngi dung 1: Nghién ctu ché tao san pham phan tng Maillard cuaa chitosan
c6 khéi luong phan tir khac nhau va glucosamine bang phwong phép chiéu
Xa gamma Co-60.

+ Piéu chinh khéi lugng phan tir chitosan.

+ Khao sét anh hudng cac yéu té dén hiéu suét phan ang Maillard, bao
gom: khao sat anh huong cua lidu xa, téng nong do (chitosan va
glucosamine) va ty 18 ndng do (chitosan:glucosamine).



+ Ché tao céac san pham phan tng Maillard cua chitosan c6 khdi lugng
phan tir khac nhau va glucosamine tai cac diéu kién phan tng da Iya chon.

+ Panh gia hoat tinh khéang oxy héa, khang khuan cua cac san pham phan
rng Maillard cua chitosan c6 khéi luong phan tir khéc nhau va glucosamine.

- Néi dung 2: Phén tich cac dic trung tinh chat va dic tinh cua san pham

phan ‘g Maillard da lya chon.

- Ngi dung 3: Nghién ciru hoat tinh sinh hoc ciia san pham phan tng Maillard

da lya chon: co ché khang vi khuan E. coli va khao st kha ning khang oxy

hoa trén cac thanh phan té bao thit than lon.

- Ngi dung 4: Thia nghiém kha nang bao quan thuc pham cua san pham phan

g Maillard da Iya chon trén thit than lon & cac diéu kién khéac nhau.

Tinh mei caa Luan an:

- Ludn 4n d3 d3 xac dinh dwoc hiéu suat phan tmg trén co s phan tich ham
luong GA chua phan tmg va xac dinh ty 18 nong d6 chitosan:glucosamine
pht hop (1,6% CTS va 0,4% GA) tai liéu xa 25 kGy dé thuc hién phan tng
Maillard bang phuong phép chiéu xa gamma dat hiéu suat phan ung
(~80%).

- Co ché khéng vi khuan E. coli ciia dung dich MRP CTS-GA da dugc minh
chung 13 trong tac véi mang té bao, gay ra bién d6i mang, va gay vé té bao
bang phwong phap phan tich anh chup FESEM.

- Ludn 4n d3 minh ching kha ning bao vé cac thanh phan té bao thit than lon
ctia dung dich MRP CTS-GA, cu thé 12 lipid mang, protein mang, va DNA,
khoi tac dong cua gdc tu do. Tir d6 dé xuit kha nang kéo dai thoi gian bao
guan thit than lon cia dung dich MRP CTS-GA.

- Luan 4n da xac dinh thoi gian bao quan cua thit than lon sau khi xir ly véi
dung dich MRP CTS-GA tai ndng d6 1000 mg/L dugc kéo dai thém 6 gio
va 8 ngay lan luot trong diéu kién ho khi & 28 °C va 5 °C; va 14 ngay trong
diéu kien kin khi ¢ 5 °C.



CHUONG 1: TONG QUAN
Chitin 1a mot polyme sinh hoc ¢6 trir lugng 16n tu nhién, trir lugng chi
sau cellulose, gom c6 ba dang ciu tric mang tinh thé chinh (Hinh 1.1).
Chitosan (CTS) 1a dan xuat cua chitin, dugc cu tao boi N-acetylglucosamine
va glucosamine lién két véi nhau qua lién két p-1,4-o-glycoside (Hinh 1.2).

T e

a-chitin B-chitin y-chitin NHCOCH;

Hinh 1.1: M6 hinh cdu trGc mang ~ Hinh 1.2: Cong thirc ciu tao cua
tinh thé cua chitin [3] CTS[1]

Trong san xuat, vo cac loai giap xac dugc loai khoang, loai protein, loai
mau sic dé thu nhan chitin va thuc hién qua trinh deacetyl hoa dé thu nhan
CTS (Hinh 1.3). Céc théng s quan trong quyét dinh kha niang tng dung cua
CTS la khéi lugng phan tir (KLPT), d6 deacetyl (DD), do tan,.. . Do tan cua
CTS phu thudc nhiéu vao gié tri pH caa méi trudng (Hinh 1.3).

pH cao pH thip
(dung dich kicm; pKa > 6.5) (dung dich axit; pKa < 6.5)

AR A — 0 b
L (xNH’b
uhém v b deproton béa b e pdicat e
+ Dang kong tan n + Dang tan n
Chitosan Deacetyl hoa Chitin TLoai mau * Hinh thinh két fia * Khong két fiia
Hinh 1.3: Qui trinh ché tao CTS Hinh 1.4: Sy proton hoa va
tir vo cac loai giap xac [8] deproton héa nhdm amin cua CTS

& cac gia tri pKa [8]

CTS c6 nhiéu dic tinh sinh hoc ndi bat nhu: kha nang phan hity sinh hoc
[31 - 35], twong hop sinh hoc [36], khéng gay doc tinh [37], dac biét la kha
ning khang oxy hoa, khang khuan (co ché dugc miéu ta trong Hinh 1.5 va
1.6), két dinh niém mac, giam cholesterol/lipid cing mét s hoat tinh khac.
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Hinh 1.8. So d6 co ché cit mach
CTS bai gbc tu do hydroxyl [79]
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Hinh 1.9. Sy giam KLPT cua f-CTS Hinh 1.10. Sy giam KLPT cta a-CTS

bai H20,, tia y va tia y/H20; [82]

boi Hy0,, tia y va tia 'Y/HzOz [83]

Tuy nhién ¢ng dung cia CTS van con han ché do CTS kho tan. Bé gia
tang do6 tan, CTS c6 thé duoc xir ly: (1) Cit mach phan tur bang nhiéu cach
khéc nhau, ndi bat 1a qua cat mach bai cac goc tu do sinh ra tir birc xa gamma
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két hop vai H,0, (Hinh 1.7 - 1.10); (2) Bién d6i hda hoc cac nhém chiic trén
mach CTS dé tao cac dan xuat CTS tan trong nuéc (WSC) bang cac phuong
phap nhu: alkyl hoa, bién d6i Schiff Base, acyl hda, tao CTS amoni bac 4,
ghép dong triing horp, thlol hoa, va phan uwng Maillard (Hinh 1.11 - 1.19).

o
=3

S6 cong bb trén Scopus = Biing sang ché

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Nim

Hinh 1.11. Cac nhém chic nang  Hinh 1.12. Sé cong bé trén Scopus va bang
c6 thé bién d6i cua CTS [64]  sang ché vé WSC tir nam 2012 dén 2022 [85]
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Hinh 1.13. Phan e tao dan xuat alkyl hoa cua CTS [63]
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Hinh 1.14. Phan (ing tao dén xuat SchiffBase CTS-Vanillin [91]
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Hinh 1.16. Phan tng tao dan xuat CTS amoni bac 4 [63]
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Hinh 1.19. So d6 Hodge mé ta cac qué Hinh 1.20. Phan &ng Maillard
trinh trong phan trng Maillard [100] cua CTS véi glucose [108]

Phan tng Maillard (MR) cd thé xay ra giita nhém C=0 cua cac loai dudong
khir va nhom -NH, cua CTS (Hinh 1.20) duéi cac diéu kién thich hop (gia
nhiét, chiéu xa,.. ) tao thanh céc san pham phan wng Maillard (MRP). MR
gilp gia ting do tan va cac hoat tinh sinh hoc (khang khuan, khang oxy hoa,
chéng di tmg, ting cuwong nhil hoa,.. ) ciia CTS. Do d6 cac MRP ciia CTS véi
cac loai duong khir dugc nghién cau tng dung trong nhiéu linh vuc, dic biét
1a trong nganh bao quan thuc pham (bao quan thay san, thit tuoi, trai cay, mi
soi,.. ) [133 - 146]. So v6i MR bang phuong phap gia nhiét, MP bang phuong
phap chiéu xa tia gamma c6 nhiéu wu diém, ndi bat 12 cac MRP thu nhan
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dugc khéng chira san pham phu gay doc 5-HMF (Hinh 1.21) [114]. Trong s6
cac MRP cua CTS vai cac loai duong khir khdc nhau, MRP cua CTS vai
glucosamine (GA) thé hién hoat tinh khang khuan vuot troi, co ché khang
khuan cia MRP duoc thé hién trong Hinh 1.22.

300,
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Hinh 1.21. Phé séc ky hiéu ning cao Hinh 1.22. Co ché khéng
cua cdc MRP chitosan-glucose gia khuan cua cac melanoidin
nhiét va chiéu xa [117] [106]

Tuy nhién, cho dén nay ca & trong va ngoai nudc van chua co cong bd
nao vé ché tao MRP cua CTS va glucosamine bang phuwong phap chiéu xa
tia gamma, va danh gia kha ning @ng dung trong bao quan thuc pham, cu thé
1 thit lon twoi. Trén co sé d6, mot s6 ndi dung chinh lién quan dén ché tao
MRP dugc nghién cuu trong luan an nay la:

- Nghién cttu ché tao dan xuat Maillard cua chitosan c6 KLPT khac nhau
véi glucosamine bang phuong phép chiéu xa gamma Co-60 va danh gia hoat
tinh khang khuan, khang oxy hoa.

- Xac dinh mot sé dic trung tinh chat va dic tinh cia dn xuat thu dugc.

- Nghién ctu hoat tinh sinh hoc (khang khuan, khang oxy héa) cua dan
Xuét thu duoc.

- Thtr nghiém kha ning kéo dai thoi gian bao quan thit thin lon cta dan
xuat thu duoc.



CHUONG 2: VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat ligu

Vit liéu chinh trong dé tai luan an 1a CTS c6 KLPT ~123,6 kDa, DD ~
93,3% (Viét Nam); GA, 5-HMF, DPPH, resazurin (Hoa Ky); mdi truong
Nutrient Broth, Plate count Agar (An D6); ciing véi cac hoa chat ding trong
thi nghiém nudi cay té bao, thir nghiém sinh hoa va sinh hoc phan tu.

Céc chung vi khuan: E. coli, B. subtilis, P. aeruginosa, va S. aureus, duoc
bao quan tai Trung tam Nghién ctu va Trién khai Cong nghé Buic xa va duoc
dung dé danh gi& hoat tinh khang khuén; dong té bao nguyén bao soi L929
(ATCC) dugc luu trix tai Phong thi nghiém Ky nghé mé va Vat liéu Y sinh,
Pai hoc Khoa hoc Tu nhién, PHQG-HCM, va dung cho thi nghiém xéc dinh
doc tinh té bao. Chuot nhit trang chung ICR duoc nudi nhét tai Khu nudi
Dong vat thi nghiém, Trung tim Cong nghé Sinh hoc Thanh phé H5 Chi
Minh, va dugc dung cho thir nghiém xac dinh doc tinh cap qua dudng uéng.
Thit thin lon dugc cung cap bai 10 md & Hoc Mén, Thanh phé HS Chi Minh,
dugc dung trong thi nghiém xac dinh kha nang kéo dai thoi gian bao quan.
2.2. Thiét bi nghién ciru

Céc thiét bi nghién ctru chinh trong dé tai luan an: May chiéu xa tia
gamma cong nghiép SVST Co-60B dung dé thuc hién phan tng cat mach
tao CTS, may gamma cell Brit 5000 (An D) dung dé thuc hién MR theo
phwong phap chiéu xa; May sic ky gel thim qua (GPC), may ghi phd hdng
ngoai Fourier (FTIR) va may quang phé UV-Vis (Nhat Ban): dung dé xac
dinh dic trung tinh chéat cua CTS va MRP; May sic ky long hiéu ning cao
(HPLC) (Hoa Ky) dung dé xac dinh ham lugng GA va 5-HMF trong dung
dich; May déng c¢6 (Anh Quéc) ding dé tao bot, may *H-NMR (Thuy Si)
dung dé xac dinh dic trung cu tric caia MRP; Kinh hién vi dién tir quét phét
xa truong (FESEM) (Nhat Ban) dung dé nghién ciu co ché diét té bao vi
khuan. Ngoai ra con c6 mét sb thiét bi thi nghiém khac nhu: néi hap, ti ciy
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vi sinh, tii am, tu lanh, ti déng, may nghién bi, may cat nuéc, bo dung cu
thiy tinh, bé 6n nhiét, ta say, hé thong loc chan khong,.. .
2.3. Phwong phap nghién ciru

CTS nguyén liéu (KLPT ~123,6 kDa) duoc cat mach bai H.02 1% trong
24 gio dé thu dugc CTS KLPT thap (CTSLMw). CTSLMw duoc hoa tan
trong axit lactic va H,02 0,5% rdi chiéu xa gamma tai liéu 20 kGy dé thu
duoc oligochitosan (COS). KLPT va DD cuia cac mau CTS duge xac dinh
boi phwong phap GPC va do phd FTIR. Cac hdn hop CTS va GA c¢6 tong
nong do (CTS va GA), ty Ié nong do (CTS:GA) khac nhau duoc chiéu xa
gamma dé tao MRP va lya chon cac diéu kién thich hop théng qua hiéu suat
phan tng Maillard (dugc xac dinh dya trén co s¢ phan tich ham lugng GA
chua phan ng bang phuong phap HPLC). Tir d6, 3 loai MRP ché tao bai
phuong phap chiéu xa gamma & diéu kién thich hop, gdm MRP CTS-GA,
MRP CTSLMw-GA va MRP COS-GA, va dugc khao sat hoat tinh khang
oxy héa (thdng qua kha ning bat gbc tw do DPPH"), khang khuan (thdng qua
xéc dinh gia tri MIC va MBC d6i véi E. coli, S. aureus, P. aeruginosa, va B.
subtilis), roi lya chon loai MRP phi hop. MRP da lwa chon sau d6 dugc dong
cd tao bot; danh gia nhiing dic trung cau tric bang cach ghi pho FTIR va H-
NMR; xac dinh KLPT bang phuong phap GPC; xac dinh kha ning hinh thanh
5-HMF bing phuong phap HPLC; danh gia d tan trong nuéc cia bot MRP;
xac dinh doc tinh ddi voi té bao 1929, va xac dinh doc tinh cp qua duong
udng trén chudt nhat trang. Co ché diét té bao E. coli ciia dung dich MRP di
lya chon ciing dugc nghién ciu bang phuong phap phan tich anh chup
FESEM. Ngoai ra, dung dich MRP da lya chon con dugc danh gia kha nang
bao vé cac thanh phan té bao thit than lon khoi tac hai cua gbc tu do. Sau do,
dung dich MRP da lya chon dugc danh gia kha nang kéo dai thoi gian bao
quan thit than lon trong cac diéu kién bao g6i va nhiét do khac nhau (ho khi
va kin khi; 28 °C va 5 °C) tai nong do thir nghiém 1a 500 va 1000 mg/L.
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CHUONG 3: KET QUA NGHIEN CUU
3.1. NGHIEN CUU CHE TAO DUNG DICH MRP CUA CHITOSAN
CO KLPT KHAC NHAU VA GLUCOSAMINE BANG PHUONG
PHAP CHIEU XA GAMMA Co-60 VA PANH GIA HOAT TINH
KHANG OXY HOA, KHANG KHUAN
3.1.1. Pidu chlnh glam KLPT cua chitosan

/ -

( \ 3% \ | CTS CTSLMw CoS
, 3

CTS nguyén licu CTS chit mach
Hinh 3.1. Hinh dang ya Mmau sic cua Hinh 3.2. Cac mau bot
CTS trude va sau khi cat mach bai H,O,  chitosan ¢ KLPT khac nhau

Két qua phan tich GPC, FTIR da xac dinh KLPT va DD cuaa 3 mau: CTS,
CTSLMw, va COS, lan luot 12 ~123,6 kDa va 93,3% ; ~40,7 kDa va 90,1%:
va ~6,1 kDa va 88,59%. Chung té qué trinh cit mach bai H20; va tia y/H,0,
rat cd hiéu qua trong viéc giam KLPT caa CTS (Hinh 3.4).

CH,OH *OH H NH; CH,0H H NH;

GO SN Ao kit B ‘\
UH i) il m B 11 )0 / '§ (Qﬁ ;
H NH CHOH \\H—\{ CH_.Ol;l 'E \/ f\
CH,0H H N g /( ISLMW \ /j
i{—() (ﬁ»” 2 ( ]"S f
— X .+ 0= 2
H - H o) = \ J
H NH; CH,OH 4
CH,OH ) (llOH E
N N &
”\(i”/”. SRS H ‘ |‘[ 4000 3500 3000 2500 2000 1500 1000 S00
H NH; H NH; S6 séng (cm™)
Hinh 3.4. Co ché oxy héa cat mach  Hinh 3.5. Pho FTIR cua cac mau
chitosan bai goc tu do chitosan
3.1.2. Nghién citu tao MRP CTS-GA bing phuong phip chiéu xa

Tong nong dj Tong nong ao Tong nong dq
- ‘g - -gg-gg

DL ] L

W0 12,5 25 50 75 100 0 12,5 25 50 75 100 0 12,5 25 50 75 100,
Liéu xa (kGy)

Hinh 3.5. Mau sic cac hdn hop dung dich CTS-GA & céc liéu xa khac nhau
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Hinh 3.6. Mat do quang pho tai budc séng 284 nm (A) va 420 nm (B) theo
lidu xa cua cac dung dich CTS-GA c6 tong ndng do khac nhau
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Hinh 3.7. Ham luong GA (A) va hiéu suit MR dura trén luong GA phan
tng (B) theo liéu xa cua cac dung dich CTS-GA c¢6 tong ndng do khac nhau

Khi chiéu xa, ham luong GA trong cac dung dich giam theo lidu xa, giam
nhanh nhat trong khoang tir 0 dén 25 kGy, dong thoi hiéu suat phan tng
(HSPU) ciing gia tang theo lidu xa. Trong cac hdn hop CTS-GA, hdn hop cé
t6ng ndng do 1% va 2% cd HSPU cao hon hdn hop 4%, do d6 hdn hop c6
tong ndng do 2% va lidu xa 25 kGy dugc lya chon cho thi nghiém tiép theo.

Bang 3.1. Nong d6 CTS va GA trong cac hdn hop dung dich 2%

Ty 16 nong 46 % | Nong do CTS | Nong do GA | Ty lé mol CTS:GA
CTS:GA (%) (%) (mol:mol)
4:1 1,60 0,40 0,0098 : 0,0022
2:1 1,33 0,67 0,0081 : 0,0037
1:1 1,00 1,00 0,0061 : 0,0056




Bang 3.2: Ham lwgng GA c6 trong cac hon hop dung dich truéce va sau khi
chiéu xa va hiéu suat phan tmg Maillard

Céac hon hop dung dich CTS-GA ¢ ty I¢ khac nhau

1:1 1:2 1:4

Ham lwong GA ban

. 9,87 +£0,18? 6,69 + 0,10° 4,05 £ 0,09°
dau (mg/mL)

Ham 1luong GA sau

. 8,15+0,23* | 4,15+0,15° 0,84 £0,10¢
chiéu xa (mg/mL)

Hi¢u suat phanting (%) | 17,44 +0,92% | 37,98 +1,37° | 79,28 + 1,98°

Bang 3.2 cho thay, hdn hop 4 CTS : 1 GA dat HSPU Maillard cao nhét
(~79,28%) nén hdn hgp 4 CTS : 1 GA hay 1,6% CTS va 0,4% GA duoc lua
chon dé ché tao MRP CTS-GA tai lidu xa 25 kGy.

3.1.3. Ché tao dung dich MRP cia chitosan c6 KLPT khac nhau va GA

Cac hon hop 1,6% chitosan c6 KLPT khac nhau (CTS, CTSLMw, va
COS) va 0,4% GA dugc chiéu xa 25 kGy dé thuc hién MR rdi phan tich cac
dic trung quang phé (Hinh 3.9 - 3.11). Két qua cho thay sau khi chiéu xa cac
hén hop dung dich chitosan c6 KLPT khac nhau va GA xuit hién dinh hap
thu tai budc song trong khoang 280 - 294 nm (dac trung cho cac MRP giai
doan trung gian [103]) va mat d6 quang tai 284 nm va 420 nm ciing tang 1én
dang ké, chtng to MR d3 xay ra trong cac hdn hop dung dich sau chiéu xa.

Trudc khi chiéu xa Sau khi chiéu xa
CTS-GA CTSLMw-GA COS-GA CTS-GA CTSMW-GA COS-GA

—
Hinh 3.8. Cac hon hop dung dich chitosan c6 KLPT khac nhau véi GA
truéc va sau khi chiéu xa tai lidu 25 kGy
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1: CTS-GA

a 2: CTSLMw-GA
“ | 3: COS-GA
£ 30 [\ 4: CTS-GA 25 kGy
z '\\ 5: CTSLMw-GA 25 kGy
=) / 6: COS-GA 25 kGy
b

Budc séng (nm)()o0 800

Hinh 3.9. Phé UV-Vis cua céc hdn hop dung dich chitosan c¢6 KLPT khac
nhau va GA trudc va sau khi chiéu xa tai lieu 25 kGy

(A) (B)
35 0.8
20 30 L 284nm 2 50 07 - 420nm f
= [ tride khi chiéu xa (=] [ trude khi chiéu xa
g 25 I sau khi chiéu xa 3 06 B sau khi chiéu xa
5 5 f X4 E s xa
«© - d d -
2 15 b =
- o 03
= e ¢ = 02
0,5 a 0,1
0 0
CTS-GA  CTSLMw-GA COS-GA CTS-GA CTSLMw-GA COS-GA

Hinh 3.10. Mat d6 quang tai 284 nm va 420 nm ciia cac hon hop dung dich
MRP cua chitosan c6 KLPT khac nhau va GA trudc va sau khi chiéu xa
3.1.4. Panh gia hoat tinh khang oxy héa, khang khuan ciia cac dung
dich MRP cia chitosan c6 KLPT khac nhau va GA
3.1.4.1. Hoat tinh khang oxy héa

DC 200 400 600 800 1000 i i
- I - - TEm = ¥ =0,0818x + 1,9727 o= S |¥y=0,0977x+42287
i £ R2=0,9979 -;J < R =0,9876
< - .
- 5 S = ==
A LRI g2 ; 2%
_ MRPCIS-GA_ £ — 22 S
3 X CTS-GA % MRP CTSLMw-GA
100 200 300 400 500

“mmmmm 0 100 200 300 400 500 0
i T EFi = Nong d¢ (mg/L) Nong d¢ (mg/L)

- — \;?mu ¥ = 0,1447x + 4,543
' ' ) 28 R =0,9875
~ MRPCTSLMw-GA £S
mg/L i«a MRP COS-GA

T0 100 200 300 400 500

' ' I Néng dj (mg/l.)

MRP COS-GA
Hinh 3.11. Anh chyp cac dung Hinh 3.12. Kha ning bat goc tw do DPPH'
dich MRP u v6i DPPH' ¢ cac  cua cac dung dich MRP ¢ cac nong do thir
nong do thir nghiém khac nhau nghiém khac nhau
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Bang 3.3. Gid tri ICso d6i v&i DPPH' cuia cac dung dich thir nghiém

Khéng thyc hién MR Co6 thuc hién MR
Ky hiéu tén mau ICso (Lg/mL) Ky hiéu tén mau ICso (Hg/mL)
GA 8746,85 + 258,812 - -
CTS 8127,65 + 554,39° MRP CTS-GA 587,36 + 3,04¢
CTSLMw 2040,78 £ 50,44°¢ | MRP CTSLMw-GA | 468,53 £ 11,57¢
COS 652,82 + 5,70¢ MRP COS-GA 314,49 + 0,95

Bang 3.3 cho thay hoat tinh khang oxy hda caa cac dung dich MRP thu
nghiém ty 1¢ nghich vai KLPT cua chitosan tham gia MR, theo d6 dung dich
MRP COS-GA kha ning trung hoa gdc tu do DPPH- tét nhit (ICso nho nhat).

3.1.4.1. Hoat tinh khang khudn

e

Hinh 3.13. Anh chup su hinh thanh khuan lac E. coli trong thi nghiém

khuéch tan dia thach
Bang 3.4. Gia tri MIC cua cac dung dich MRP d6i véi cac chung vi khuan
thir nghiém
) . Gié tri MIC d6i véi céc vi khuan khéc nhau (mg/L)
Ky hiéu tén mau
E. coli S. aureus P. aeruginosa B. subtilis
MRP CTS-GA 300 500 600 600
MRP CTSLMw-GA 500 700 800 600
MRP COS-GA 1600 1800 2600 1600

Hinh 3.13 cho thay cac dung dich chitosan-GA va MRP déu c6 tinh khang

khuan, va MR da gidp tang cuong hoat tinh khang khuan ciia cac dung dich.
12
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Hinh 3.14. Anh chyp thir nghiém xéc dinh
gia tri MIC ctia dung dich MRP CTS-GA o/ .‘@@ 200
N o ‘“{\\'«5 120015 C‘. 3000
¢ _ $-° RAGI £ 5 1400, C‘O 2800
é Y \C T @ 1600, .‘0 2600
® | 1800 = (’C 2400
200 (6161900 3 2000, "?QJZ"OO )
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300 (.‘i.(!suo MRP COS-GA
400 = 9@ Hinh 3.16. Anh chyp thtr nghiém
w0 (@@ xéc dinh gid trj MIC ciia

dung dich MRP COS-GA

\JIRI;‘(Z‘TSI Mw-GA
Hinh 3.15. Anh chup thir nghiém xac dinh
gia tri MIC cua dung dich MRP CTSLMw-GA

Duya vao mau sic cia cac giéng trong cac Hinh 3.14 - 3.16, gia tri MIC
dbi vai tirng chang vi khuan cua cac dung dich thir nghiém duoc xéac dinh,
d6 1a ndng do6 chat thir nghiém nho nhat trong cac giéng khong 1am dung dich
resazurin chuyén sang mau hong. Gié tri MIC dugc trinh bay trong Bang 3.4.
Bang 3.5. Gia tri MBC ctia cac dung dich MRP ddi véi cac ching vi khuan

thu nghiém

o Gia tri MBC ddi véi cac vi khuan khac nhau (mg/L)
Ky hiéu tén mau B . .
E.coli | S.aureus | P.aeruginosa | B. subtilis
MRP CTS-GA 500 600 800 700
MRP CTSLMw-GA 700 800 900 800
MRP COS-GA 2000 2200 2800 2200
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[1. CO

IRP.CTS-GA = —— SIM M
Hinh 3.17. Anh chyp dia thir nghiém  Hinh 3.18. Anh chup dia thir nghiém
MBC cua dung dich MRP CTS-GA MBC cua dung dich MRP CTSLMW-GA

—

MRP CTS-glucose

R

=0 iRD N, 20 Hinh 3.20. Anh chup thir nghiém
Hinh 3.19. Anh chup dia tht nghiém xdac dinh gid tri MIC cua dung
MBC cuta dung dich MRP COS-GA dich MRP CTS-glucose

Gia tri MBC duoc xac dinh 12 ndng do nho nhét trong s6 cac giéng cho
két qua khong c6 khuan lac moc xung quanh dia gidy, va duoc trinh bay trong
Bang 3.5. Két qua xac dinh MIC, MBC cho thdy mau MRP CTS-GA thé hién
hoat tinh khang khuan manh nhat. Ngoai ra, két qua so sanh gia tri MIC cua
MRP CTS-glucose (Hinh 3.20) cho thdy dung dich MRP CTS-GA c6 hoat
tinh khang khuan manh hon. Tir cac két qua danh gia hoat tinh khang khuan,
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khang oxy hda, mau MRP CTS-GA phi hop véi muc tiéu tng dung lam chat
bao quan thuc pham nén duoc lya chon cho cac thi nghiém tiép theo.
3.2. PHAN TiCH CAC PAC TRUNG TINH CHAT VA PAC TINH
CUA DUNG DICH MRP CTS-GA

3.2.1. Pho FTIR
Dung dich MRP CTS-GA dugc dong khé tao thanh dang bot (Hinh 3.21).

. i —
CTS

Dung dich Bgt MRP
MRP CTS-GA CTS-GA

Hinh 3'21: Anh Chup MRP 4000 3500 3000 2500 2000 ‘1500‘ 1000 500
CTS-GA ¢ dang dung dich ) S6 song (cm™)
va dang bot Hinh 3.22. Pho FTIR cua CTS va MRP CTS-GA

Phé FTIR caa MRP CTS-GA (Hinh 3.22) ¢6 su dich chuyén dinh tai s6
s6ng 1619 cm'* (C=0, amid bac 1) v& 1603 cm™, sir dich chuyén cua dinh tai
1410 cm™ vé 1414 cm™ (-CH, va CHs) cling véi su xuat hién dinh tai 777
cm® (dic trung cua C=N). Két qua nay chiing t6 rang GA da duoc gan 1én
mach phan tir CTS tao thanh cac Schiff Base (lién két doi cua C=N).

3.2.2. Phé 'H-NMR

P truyén qua (Pon vi tiy dinh)

D,0  H-3 dén H-6 H-Ac

CTS

! MRP CTS-GA

T T T T

9,0 8,0 ' 7,0| I 6,0 5,10
7 ppm
Hinh 3.23. Ph4 "H-NMR cta CTS va MRP CTS-GA
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Trong Hinh 3.23, ph 'H-NMR cia MRP CTS-GA c6 su xuat hién tin
hiéu tai ~8,45 ppm (—~N=CH- ciia cac Schiff Base) va sy xuat hién tin hiéu
tai ~2,25 ppm (—CH lién két véi nhdm —NH,), ching to ¢ su chuyén doi
cia -N=CH- thanh —~NH-CH,— (c&c san pham cua qua trinh sap xép
Amadori); sy xuat hién tin hiéu trong viing 4,5 - 4,6 ppm dugc cho 1 do su
bién d6i tai nhém —NH, (N-substitution) [153, 165, 169]. Tur cac két qua
phan tich phd FTIR va 'H-NMR co ché phan ing Maillard cua CTS va GA
theo phwong phép chiéu xa gamma dugc dé xuat nhu Hinh 3.24.

tia gamma
——

H,0 “OH, H,...

Chitosan + “OH

Chitosan KLPT thép

< 5
y ; y B
o p
3
Chitosan <°"0 S?"o
0\“ Ve \<’~ Ve Phan ung -9 H‘m <
"Maillard X \" ¥

on Chuyénvi NIL u NI, Il llHO H

g trong ’
II?M““ A = o u +H 1o u o1, ( 1
\H, mC)l lru(‘]-ng n oun n o1 HO HO H NIL,OH
ilxit H OH H OH
CH,OH CH,0H <
Glucosamine Goc tu do glucosamine
OH o1 OTI o1 OH
X =) \S i 0 i 2 Qua trinh i,o — ( 2
e sipxép  ~lou
H,COC-NH | ¢ n LCOCNII | ¢ \“ y Amadori H,COC-NH | ¢
ll HHO H H HO -— H HHO H
HOH:C H, II()H( HOH ¢ (
HO HO NH, HO HO H NH, HO HO H NH,
Schiff Base
011
) ,a()
M coeT | V,. " A Cic san pham sau cung
uon 0 - cia qua trinh dwong héa
HOH, ( \ (AGES)
HO HO NI,

Hinh 3.24. Co ché dé xuit cua phan (ing Maillard caa CTS va GA theo
phwong phép chiéu xa gamma Co-60
16



3.2.3. Xac dinh KLPT

Két qua phan tich GPC da xac dinh KLPT cua CTS chiéu xa 25 kGY
(iCTS) va cia MRP CTS-GA lan luot 1a ~8,9 va ~9,7 kDa.

3.2.4. Xac dinh kha néng hinh th

S-HMF

< = f
Wl = H
“"‘vﬁ |
| B N‘

Bt

Iy

li MRPCTS-GA
gia nhiét

5-HMF chuén
MRP CTS-GA chifu xa

(=3
S

anh 5-HMF

o«
=]

D
(=}

40

Do tan trong nwéc (%)

oo
(=T =

Cuong do (don vi tuy dinh)

5 10
Thoi gian lwru (phut)
Hinh 3.25. Pho HPLC cuia cac
dung dich thir nghiém

15

0,01

+iCTS = MRP CTS-GA
002 003 004 005
Nong d9 thir nghiém(g/mL)

Hinh 3.26. D tan trong nudc cua
bot MRP CTS-GA vaiCTS

Phé @6 HPLC (Hinh 3.25) cho thiy MRP ché tao bang céch gia nhiét c6
chtra 5-HMF, trong khi MRP ché tao bang céch chiéu xa gamma thi khéng.
3.2.5. Xac dinh d¢ tan trong nwéc
Hinh 3.26 cho thay trong khoang thir nghiém tir 1 dén 5%, bot MRP CTS-
GA van tan hoan toan. Tir d6 cho thdy MR theo phwong phéap chiéu xa
gamma gop phan gia ting tinh tan cia CTS. Két qua nay phd hop véi cong
bé cua céc nghién cau trude day [118, 171].
3.2.6. Xac dinh djc tinh té bao
Bang 3.6. Chi s6 ting truong tuong ddi RGR cuia cac mau té bao khi xir ly
boi dung dich MRP CTS-GA & cac nong do khéac nhau

Mau thir nghiém RGR (%) p khi so sanh véi miic 70%
Dbi chitng &m 100 * 3,612 -
Déi ching duong 31,36 + 4,55° 0,0046
MRP CTS-GA 100 mg/L | 91,29 + 4,58° 0,0150
MRP CTS-GA 250 mg/L | 92,86 + 3,02° 0,0058
MRP CTS-GA 500 mg/L | 94,32 + 2,69° 0,0041
MRP CTS-GA 1000 mg/L | 96,36 + 2,76° 0,0036
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7 Hmh 3. 27 Anh chup té bao L929 sau 24 glor nudi cay thu nghlem véi dung
dich MRP CTS-GA & cac nong d6 khac nhau
A: Pbi chimg 4m (khong c6 hop chit), B: Péi chimg duong (DMSO 20%),
C: 100 mg/L; D: 250 mg/L; E: 500 mg/L va F: 1000 mg/L. MRP CTS-GA
Két qua tir Bang 3.6 va Hinh 3.27 cho thdy dung dich MRP CTS-GA
khong gy ra doc tinh ddi véi té bao L929 & cac nong do da thir nghigm.
3.2.7. Xac dinh ddc tinh cip qua dwong udng trén chudt

Bang 3.7. Két qua xac dinh doc tinh cap qua dwong udng
trén chudt cia dung dich MRP CTS-GA

N Sé chudt ther | S8 chudt Ty 1é tir vong
Tén mau chudt P
nghiém (con) | chet (con) (%)
D4i chimg 10 0 0
Dung dich MRP CTS-GA 10 0 0
(¢ lieu 0,8 mL/10 g thé trong)

Hinh 3.28. Anh chup mau chudt
thi nghiém sau khi udng dung dich
MRP CTS-GA 72 gio

Két qua tir Bang 3.7 cho thay tai lidu 0,8 mL/10 g thé trong, dung dich
MRP CTS-GA khéong gay ra doc tinh cap qua duong ubng trén chuot.
3.3. NGHIEN CUU HOAT TiNH SINH HOC CUA DUNG DICH MRP
CTS-GA
3.3.1. P4nh gia kha ning pha hity mang té bao vi khuan
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Hinh 3.29. Anh chup FESEM cua té bao E. coli va té bao E. coliu v6i
dung dich MRP CTS-GA
Al, A2, A3, Ad: anh FESEM ctia té bao E. coli & cac do phong dai khac nhau.
B1, B2, B3, B4: cac lan chup FESEM khéc nhau ctia té bao E. coli u voi dung
dich MRP CTS-GA.

Tir cac anh FESEM (Hinh 3.29), co ché gay chét té bao E. coli cua dung
dich MRP CTS-GA dugc d& xuit nhu sau: dung dich MRP CTS-GA tuong
tac véi mang té bao, 1am mang té bao bj bién d6i hinh théi, hinh thanh cac 15
trén mang dan dén ro ri dich té bao va gay chét té bao vi khuan.

3.3.2. Xac dinh kha niing khang oxy hoéa ciia dung dich MRP CTS-
GA trén céc thanh phan té bao tir thit thin lgn

o®©
(=}

80

@ = 66,67

> NP e
k= ‘2;060 g 2960 BC 0 5001000
= =,
= 8 40/ = & 401
5 & 3
z 5 ZI=]
BE20] B 220
= T &

iy 500 1000 0 500 1000

Ndng do chat thir nghiém (mg/L) Nong do chat thir nghiém (mg/L)
Hinh 3.30. Hiéu suit khang Hinh 3.31. Hiéu suat khang Hinh 3.32. Két qua
oxy hoa lipid mang té bao oxy héa protein mang té bao dién di DNA té bao
thit than cia MRP CTS-GA thit than cia MRP CTS-GA thit u véi gde tu do
& cac n6ng do khac nhau 0 cac n(“mg do khac nhau va MRP CTS-GA

Hinh 3.30 - 3.32 cho thiy dung dich MRP CTS-GA c6 thé bao vé lipid
mang, protein mang, va DNA cua té bao thit thin chéng lai tac dong cua gbc

tu do. Hiéu suat bao vé ty 18 thuan voi ndng d6 MRP CTS-GA thir nghiém.
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3.4. THU NGHIEM KHA NANG BAO QUAN THIT THAN CUA
DUNG DICH MRP CTS-GA

3.4.1. Khao sat kha ning bao quan thit thin trong diéu kién hé khi

Thoi gian bao quan ho khi ¢ 28 °C ctia cac mau thit BC, MRP CTS-GA
500 mg/L, va MRP CTS-GA 1000 mg/L, dugc xac dinh lan luot 12 9 gio, 12
gio, va 15 gio (Hinh 3.33 va 3.34), trong khi & 5 °C thoi gian bao quan cua
c4c mau thit dugc xac dinh lan luot 12 6 ngay, 12 ngay, va 14 ngay (Hinh
3.35 va 3.36). Do d6 MRP CTS-GA 1000 mg/L c6 thé kéo dai thoi gian bao
quan ha khi cua thit than ¢ 28 °C va 5 °C lan luot 12 6 gio va 8 ngay.
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Hinh 3.33. Hao hut trong luong (A),™ — —
ham lwong protein thé (B) va tong Hinh 3.34. Cac mau thit than lon
vi sinh vat hiéu khi (C) theo thoi bao quan ho khi ¢ 28 °C sau 9 gio
gian bao quan ho khi ¢ 28 °C cua
cac mau thit than lon
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Hinh 3.35. Hao hut trong luong (A),  Hinh 3.36. C4c mAu thit than lon
ham luong protein thé (B) va tong bao quan ho khi & 5 °C sau 6 ngay

vi sinh vat hiéu khi (C) theo thoi
gian bao quan ho khi ¢ 5 °C cua

cac mau thit than lon

3.4.2. Khao sat kha ning bao quan thit thin trong diéu kién khi khi

8

I3

Tong vi sinh vat hiéu
khi (log CFU/g)

4PC -8500mg/. --1000mg/L

12 16 20 24 28

Thoi gian bao quan (ngay)

Hinh 3.37. Téng vi sinh vat hiéu khi theo thoi gian bao quan kin khi ¢ 5 °C
cua cac mau thit than lon
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Hinh 3.37 cho thay khi bao quan kin khi & 5 °C, mau thit DC, MRP CTS-
GA 500 mg/L, va MRP CTS-GA 1000 mg/L, c6 do nhiém vi sinh vat dudi
muic 5 x 10° CFU/g (Mirc quy dinh cua Quy chuan ki thuat quéc gia dbi véi
thit va cac san pham tir thit phai qua xu Iy nhiét trudc khi st dung [178])
trong khoang thoi gian bao quan lan luot 12 tir 0 &én 8 ngay, 16 ngay, va 22
ngay, chiing to dung dich MRP CTS-GA 500 va 1000 mg/L da kéo dai thoi
gian lan luot 12 8 va 14 ngay so véi 16 thit DC.

S& htru kha nang kéo dai thoi gian bao quan cung vaéi dac tinh khéng chua
5-HMF, khong gy doc tinh té bao, va doc tinh cap trén chuét, dung dich
MRP CTS-GA ché tao bang phuong phép chiéu xa gamma Co-60 rat c6 tiém
nang ung dung lam chat xir Iy kéo dai thoi gian bao quan thit tuoi.

22



CHUONG 4: KET LUAN VA KIEN NGHI
4.1. Két luan

T nguyén liéu CTS ban dau (KLPT ~123,6 kDa), CTSLMw (KLPT
~40,7 kDa) va COS (KLPT ~6,1 kDa) da duogc ché tao bang phuwong phap
cit mach oxy hoa va cat mach oxy hda két hop chiéu xa gamma. Cac diéu
kién phan ung Maillard theo phwong phap chiéu xa gamma Co-60 bao gom
hén hop dung dich 1,6% chitosan va 0,4% GA,; liéu xa 25 kGy va hiéu suat
phan tmg dat ~80% da duoc lya chon dé ché tao cac dung dich MRP cua
chitosan c6 KLPT khéc nhau véi GA sau d6 danh gia hoat tinh khéang khuan
va khang oxy héa.

Trong s6 cac dung dich MRP cua chitosan c6 KLPT khéc nhau véi GA,
MRP CTS-GA c6 hoat tinh khang oxy hda va hoat tinh khang khuan manh
phu hgp vai myc tiéu tng dung trong bao quan thit tuoi nén dugc lya chon
dé danh gia cac tinh cht dic trung, dic tinh, va thir nghiém bao quan thit
than lon. MRP CTS-GA dugc xac dinh 1a khong chira san pham phy 5-HMF,
tan hoan toan trong nudce tai ndng do thir nghiém 0,05 g/mL, khong gay doc
dbi véi té bao 1929 va daoc tinh cap trén chudt & cac nong do thir nghiém.

Dung dich MRP CTS-GA di dwoc minh ching co ché khang vi khuan E.
coli théng qua phuong phap phan tich anh chup FESEM va duoc xac dinh la
¢6 kha ning bao vé cac thanh phan té bao thit than Ion bao gém: lipid mang,
protein mang, va DNA, khoi tac nhan oxy hoa, trudce khi dugc khao st kha
nang kéo dai thoi gian bao quan thit than lon.

Dung dich MRP CTS-GA tai ndng d thir nghiém 1000 mg/L c6 thé kéo
dai thém thoi gian bao quan thit than lgn trong diéu kién ha khi ¢ 28 °C va 5
°C lan luot 12 6 gio va 8 ngay, va trong diéu kién kin khi & 5 °C 1a 14 ngay.

Tir két qua cua luan an cho thdy dung dich MRP CTS-GA ché tao bing
phuong phap chiéu xa gamma Co-60 rat cd tiém ning tng dung lam chét kéo
dai thoi gian bao quan thuc pham, dic biét 1a dung cho cac loai thit twoi.
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Céc két qua déng gép méi cia luan an:

- Luan 4n di xac dinh duoc hiéu suat phan ung trén co s& phan tich ham
luong GA chua phan tng va xac dinh ty 1¢ ndng d6 CTS:GA pht hop (1,6%
CTS va 0,4% GA) tai liéu xa 25 kGy dé thyc hién phan &ng Maillard bang
phuong phap chiéu xa gamma Co-60 dat hiéu suat phan wng cao (~80%).

- Co ché khéang vi khuan E. coli cia dung dich MRP CTS-GA da duoc minh
chung 13 tuong tac v6i mang té bao, gay ra bién doi mang va gay va té bao
bang phuong phap phan tich anh chup FESEM.

- Luan 4n d3 minh chting kha nang bao vé céc thanh phan té bao thit than lon
cua dung dich MRP CTS-GA, cu thé Ia lipid mang, protein mang, va DNA,
khoi tac dong cua goc tu do. Tir do dé xuat kha ning kéo dai thoi gian bao
quan thit than lon cia dung dich MRP CTS-GA.

- Luéan an da xac dinh thoi gian bao quan cua thit than lon sau khi xir ly véi
dung dich MRP CTS-GA tai ndng d6 1000 mg/L dugc kéo dai thém 6 gio va
8 ngay lan luot trong diéu kién ho khi ¢ 28 °C va 5 °C; va 14 ngay trong diéu
kién kin khi ¢ 5 °C.

4.2. Kién nghi

Tir céc két qua da dat duoc trong luan an, mot sb kién nghi nghién cuu tiép
theo nhu sau: ‘ q ‘

- Nghién ctu diéu chinh tang ty 1€ CTS:GA dé phan tng Maillard bang
phuong phép chiéu xa gamma Co-60 dat hiéu suat cao hon 80%.

- Tiép tuc nghién ctru cac dic trung tinh chat cia MRP CTS-GA nhu: thé
zeta, gian d6 nhiéu xa tia X (XRD),.. .

- Nghién ciru gia tang thé tich dung dich CTS-GA dé ché tao MRP CTS-GA
trén méy chiéu xa gamma Co-60 cong nghiép hudng téi san xuat ang dung.
- Tiép tuc thir nghiém kha ning kéo dai thoi gian bao quan caa MRP CTS-

GA trén mét sb dbi tugng thuc pham khac.
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