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TOM TAT

Trong bdi canh ngay cang gia tang nhu cau cai thién kha ning bao vé hoat chét ctia cac mang bao
boc thuc pham, nghién ctru nay nham phat trién mot hé mang chitosan két hop véi hé dung moi eutectic
sau (DES) chura astaxanthin, dé nang cao hiéu qua bao quan thuc pham déc biét 1a tom 16t vo. Muc tiéu
ctia nghién ctru 1a so sanh mang chitosan nguyén chat va mang tich hop DES-astaxanthin, nham danh
gia tac dong cua hé nay d6i v6i didc tinh 1y — hoa, co hoc va hidu qua bao quan. Két qua cho thay, mang
DES-astaxanthin duy tri d6 déo tt hon (EAB giam tir 52,37% xudng 32,14% so véi 39,17% xudng
27,64% & mang chitosan thuan) va gitt 6n dinh cu trac vat ly cing nhu tinh chét co hoc trong sudt 10
ngay bao quan lanh. Cing v6i d6, mang nay giip giam mat khéi lwong tom (3,76% so voi 6,2% & mang
chitosan va 8,94% & mau d6i chimng), duy tri pH 6n dinh va giam sy hinh thanh base bay hoi (TVB-N),
ddng thoi giam oxy hoa lipid (chi s6 TBARS giam 60% so véi mau dbi chimg). Cac chi sb cam quan
nhu mau sic tom (WI) duoc bao vé tdt hon, va sy phat trién ctia vi sinh vat (TVC) cling bi trc ché manh
mé trong mau phit mang DES-astaxanthin. Qu4 trinh giai phéng astaxanthin tir mang dugc mé phong
theo hai mé hinh dong hoc, trong d6 mé hinh béc 2 phan anh t6t hon qua trinh giai phong trong sudt
thoi gian bao quan. Két qua nghién ctru cho thiy, mang DES-chitosan chira astaxanthin co tiém nang
cao trong img dung bao bi bao quéan lanh, nhung can dugc kiém chimg thém trong thuc té thyc phdm
dé khang dinh hiéu qua bao quan toan dién.

Tir khéa: Dung moi deep eutectic, astaxanthin, mang chitosan, tinh chét co 1y, hoat tinh khang khuén.
1. TONG QUAN

O nhim méi truong do bao bi nhua st dung mot 1an dang tro thanh van dé nghiém trong toan
ciu, dic biét trong nganh cong nghiép thuc pham. Piéu nay thuc ddy sy quan tim dén viéc phat trién
céc vat liéu phan huy sinh hoc thay thé bao bi nhya truyén thong, vira an toan vira than thién voi moi
truong. Trong sb cac vat lidu tiém ning, chitosan — mot polysaccharide tu nhién chiét xuat tir vo giap
xac — dugc danh gia cao nho kha niang tao mang, tinh phan huy sinh hoc, khang khuan, khang nam va
d6 twong thich sinh hoc [1 - 4]. Tuy nhién, mang chitosan nguyén chét thuong gion, kém déo va han
ché trong viéc bao vé cac hop chét ky nudc nhu astaxanthin [1, 3 - 5], lam giam kha ning tng dung
trong bao bi thyc pham va dan truyén hoat chat sinh hoc.

Dé khéc phuc nhitng nhuge diém nay, nhiéu nghién ctru da sir dung cac chat hoa déo truyén thong
nhu glycerol [6], sorbitol [2] va polyethylene glycol [7, 8] nham tang cuong d¢ linh hoat va cai thién
co tinh cia mang. Tuy nhién, cac chat nay lai lam giam kha nang can am, anh hudng dén do bén co hoc
clia mang va dic biét khong hiéu qua trong viéc on dinh cac hop chat ky nudc nhu astaxanthin, mot
carotenoid tw nhién ¢ hoat tinh chong oxy hoa manh mg, kha ning khang khuan nhung lai d& bi phan
hiy dudi anh sang, nhiét d6 va oxy [9, 10]. Do do, can phai tim kiém mot hé dung mo6i mai khong chi
cai thién tinh chét co hoc cua mang, ma con c¢6 kha nang bao vé va duy tri sy 6n dinh cua astaxanthin.

Dung mdi eutectic sau (Deep eutectic solvent — DES) gan day da dugc dé xuat 1a mot giai phap
trién vong nhd tinh xanh, kha ning phan hty sinh hoc, doc tinh thap, kha ning hoa tan tbt cic hop chat
ky nudc va tinh twong thich v&i polymer sinh hoc [11, 12]. Nghién ciru cho thay, khi két hop véi
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chitosan, DES khéng chi dong vai tro 1a dung méi hoa tan hoat chat, ma con twong tic v6i mang ludi
polymer, tir 6 cai thién d6 bén va d6 déo ctia mang [13, 14]. Tuy nhién, viéc ing dung hé mang chitosan
chtra DES d¢ hoa tan va on dinh astaxanthin van chua dugc nghién ciru day du, dic biét 1a vé vai tro
kép ctia DES, vira 1a chat hoa déo, vira 1a dung méi bao vé cac hop chét ky nudc nhu astaxanthin.

Mit khac, mic du da c6 nhiéu nghién ctru vé co ché phong thich hoat chat tir cac loai mang sinh
hoc, va da chi ra réng toc do phong thich phu thudc vao ban chét polymer, loai hoat chét va diéu kién
bao quan, nhung cac mo hinh dong hoc nay chua dugc ap dung cho hé mang chitosan-DES chtra
astaxanthin. Cac nghién ctru da chi ra ring cac mang tir carboxymethyl cellulose két hop gelatin hodc
octenyl succinic anhydride starch két hop gelatin thuong thé hién co ché phong thich hai giai doan, véi
giai doan phong thich nhanh ban du va sau d6 chuyén sang khuéch tan chim, mé ta qua mo hinh dong
hoc Higuchi hodc Ritger—Peppas [15]. Nhitng nghién ctru khac cling ap dung dong hoc bac mdt va bac
hai dé mo ta sy phong thich ciia polyphenol hodc flavonoid tir cac hé nhu carboxymethyl cellulose két
hop whey protein va pectin, cho thay toc d6 phéng thich bi chi phdi dong thoi boi cau tric polymer,
tinh chat hoat chat va méi truong bao quan [16]. Tuy nhién, nhitng mé hinh nay chua dugc ap dung cho
hé mang chitosan—DES chira astaxanthin, tao ra mot khoang tréng quan trong trong nghién ciru.

Maic du DES da duogc chirng minh c6 kha nang céi thién tinh chét co hoc va tuong thich sinh hoc
ciia mang chitosan, nhung hiéu qua cua DES trong viéc bao vé va 6n dinh cac hop chét ky nuge nhu
astaxanthin van chua duoc nghién ciru day du. Pay la mot van dé khoa hoc can giai quyét, boi néu
khong c6 mot hé mang phu hop, viée kiém soat phong thich astaxanthin s& gap kho khan, déc biét la
trong qua trinh bao quan thyc pham. Véi myc tiéu giai quyét cac van dé néu trén, nghién ciru nay s¢ tap
trung vao: (i) phat trién hé mang chitosan chtra dung mai eutectic siu dé hoa tan astaxanthin chiét xuat
tir vo tom; (ii) danh gia cac ddc tinh co hoc, cdu trac va hinh thai cia mang ciing nhu kha niang bao vé
astaxanthin; va (iii) phan tich dong hoc suy giam va phong thich astaxanthin trong dleu kién bao quan
tom Penaeus monodon, nham 1am rd co ché kiém soat phong thich va xac dinh tiém ning tng dung
trong bao quan tom 15t vo.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu

V6 tom st (Penaeus monodon) va tom si tuoi duoc cung cap béi Cong ty Minh Pht, Ca Mau,
Viét Nam. Vo tom st sau khi thu thap dugc rira sach, séy kho & 60°C trong ti séy chéan khong (Tecnal,
Piracicaba, Brazil) dén khi d6 4m con dué6i 10%. Sau khi séy, vo tom duoc nghién thanh bot min va ray
qua ray kich thudc 125 pm, phan bot min dugc bao quan trong tii nhya. Tom sa twoi (25 con/kg) duge
16t vo, loai bé dau va than, roi rira sach béng nudc da lanh va sau d6 dugc st dung dé khao sat bao quan
bang mang. Cac hoa chét sir dung trong thi nghiém bao gom ethanol (99,9%), axit hydrochloric (99%),
natri hydroxide (NaOH, >95%), DPPH (1,1-Diphenyl-2-picryl-hydrazyl, >98%), choline chloride
(>99%), astaxanthin (99,5%), acid lactic (99,5%) va chitosan (>85% d¢ tinh khiét, chi sé degree of
deacetylation - DDA >75%), tat ca déu duoc cung cip boi Sigma-Aldrich (Saint Louis, MO, M¥).

2.2. Chuén bi dung dich va chiét tich astaxanthin

Dung méi eutectic siu (DES) duogc tong hop tir choline chloride va axit lactic theo ti 16 mol 1:2,
b sung 15% nude (w/w), sau d6 gia nhiét & 60 °C va khudy cho dén khi tao thanh dung dich ddng nhét,
trong sudt va én dinh sau 24 gio [17]. DES nay dugc sir dung truc tiép lam dung méi chiét astaxanthin
tir bot vo tom da sdy kho va nghién min; hdn hop rin—long duoc khudy gia nhiét trong diéu kién tbi wu,
sau d6 loc dé thu dich chiét mau do didc trung, dinh luong bang UV-Vis/HPLC va bao quan trong t6i &
4 °C [17]. Song song do, dung dich chitosan dugc chuén bj béng cach hoa tan 2,0 g chitosan trong 100
mL dung dich axit axetic 1% (v/v), khudy & 25 + 2 °C trong 24 gio, thu dugc dung dich trong sudt, 6n
dinh trong vong 48 gio va diing ngay cho cac thi nghiém tiép theo [12].

2.3. Tao mang sinh hoc

Dich chiét giau astaxanthin dugc thu nhan bang dung méi eutectic sau va phdi tron véi dung dich
chitosan theo ty 1& 1:5 (v/v), tao hdn hop c6 pH dao dong trong khoang 3,5-4,0. Dung dich dugc khudy
déu trong 30 phut & nhiét d6 phong cho dén khi dat d6 nhdt on dinh va khong xay ra hién tuong phan
16p sau 24 gio.
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MJi 50 mL dung dich dugc rét vao dia Petri (duong kinh 9 cm) va lam kho trong ti hut khi doc
Labconco (M§) véi ché do hit gi6 lién tuc, khong gia nhiét. Biéu kién dugc duy tri ¢ 25 + 2 °C va RH
~ 50% trong 7 ngdy, cho phép dung méi bay hoi tw nhién ma khong anh huéng dén ciu tric mang. Sau
khi kho hoan toan, mang dugc boc tach khoi dia va bao quan ¢ 25 °C, RH 50% cho dén khi st dung.
Ham luong astaxanthin trong mang dat khoang 14,89 pg/g mang kho. Trong nghién ctru nay, hai loai
mang sinh hoc duge ché tao gom: (i) mang chitosan nguyén chét va (ii) mang chitosan chira DES—
astaxanthin.

2.4. Chuin bi miu tém va thi nghi¢ém bio quan

T\ém su (Penaeus mozgodm?) tuoi séng, kich ¢& trung binh 25 con/kg, dugc 16t vo, bo dau va ria
sach bang nudc da lanh. M6i phén 50 g tom (twong duong 2 con) dugce cho vao hii nhya polypropylene
(PP) hinh try, dung tich 500 mL, duong kinh miéng 12 cm, duong kinh day 9,5 cm va chiéu cao 7 cm.

Dbi v6i mau phi mang, mot mang sinh hoc dugc dat phii kin miéng hii va ¢6 dinh bang vong
silicon. D6i v6i mau ddi chung, hii khong duge day. Bén canh hai mau chinh duoc trinh bay trong
nghién ciru ndy, cac khao sat ddi chimg bo sung — bao gdm mang chira DES khong c6 astaxanthin —
cling da dugc tién hanh trong qué trinh nghién ctru, nham phan tich vai tro riéng 1¢ cua timg thanh phan
trong hé¢ mang. Nhiing két qua nay duogc trinh bay chi tiét trong mot nghién ctru tiép theo. Tat ca cac hil
dugc bao quan trong ti lanh chuyén dung Panasonic MIR-254 (Panasonic, Japan) ¢ 4 + 1 °C trong 10
ngdy. Nhiét d6 dugc giam sat bang bo ghi dir liéu Testo 174T (Germany), dam bao dao dong khong
vuot qua £1 °C trong sudt qué trinh thi nghiém. Trong thdi gian bao quan, cac chi tidu chét luong tom
bao gém: ty 1 giam khdi lwong, pH, tdng nito bay hoi (TVB-N), tong s vi khuan hiéu khi (TVC), va
chi s6 oxy hoéa lipid (TBARS) duogc phan tich dinh ky. Pong thoi, ham luong astaxanthin con lai trong
mang duoc xac dinh bang sic ky 1ong hiéu ning cao (HPLC) nhim theo ddi qué trinh suy giam
astaxanthin trong diéu kién bao quan lanh.
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Hinh 1. MAu t6m ddi ching (A: khong phii mang) va cac mau bao quan bang mang sinh hoc:
(B: mang chitosan, C: tdom phil mang chitosan), (D: mang chitosan—DES chtra astaxanthin,
E: tom phu mang chitosan—DES chuira astaxanthin).

2.5. Panh gia dong hoc thit thoat astaxanthin trong mang chitosan — DES theo thoi gian bao quan

Dé khao sat su suy giam ham luong astaxanthin trong mang chitosan—DES, mang dugc str dung
lam 16p mang phu trén nap hii chira tom tuoi va bao quan ¢ 4 £ 1 °C trong 10 ngay. Trong diéu kién
nay, mang khong tiép xtc truc tlep v6i bé mit tom ma dong vai tro nhu mot mang hoat tinh. Astaxanthin
giai phong khong dugc do tryc tiép trong khong gian khi, ma dugc x4c dinh gian tiép thong qua viéc
thu hoi mang & cac mdc thoi gian dinh trude, hoa tan trong ethanol tuyét ddi va phan tich bang HPLC.
Luong astaxanthin con lai trong mang phan anh sy phong thich/that thoat ctia hop chét nay trong diéu
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kién bao quan lanh. Sy suy giam astaxanthin trong mang dugc mo ta bang cic mo hinh dong hoc thuong
dugc ap dung cho carotenoid [18].

MO hinh bac 1 gia dinh tbc do suy giam ti 1¢ thuan véi néng d0 con lai, dugc mo ta bfing phuong
trinh: C, = Cye ¥t hay dang tuyén tinh: InC, = InC, — k,t. Hang sb k; dugc tinh theo: k; = M

s . Ao A1y \ T 1
Thoi gian ban phan ra theo mo hinh nay duoc xac dinh ¢4/, = r;fz).
1

Trong khi d6, & md hinh bac 2, tdc do phén huy ti 1¢ thuan vai binh phuong néng d6 con lai theo
phuong trinh sau: % = —k,C?. Phuong trinh: Ci = Ci + k,.t, trong do k, c6 don vi 1/(%-ngay). Thoi
t 0

11 1

gian ban phén rd dugc tinh theo cong thic: t;,, = . (c_ - c_)'
2 t 0

2.6. Dac tinh ciia mang
2.6.1. Bdc tinh co hoc

Tinh chét co hoc ciia mang dwoc danh gia thong qua ba chi tiéu chinh: d6 bén kéo (tensile strength
— TS) va d6 gian dai khi dut (elongation at break — EAB), sir dung méy phén tich két cAdu TA-XT2i
(Stable Micro Systems, UK) v6i cam bién tai trong 50 kg, theo phwong phép ctia Lawal va cong su [14].
Céac mau mang dugc cit thanh hinh chir nhat véi kich thude 20 mm x 50 mm, khoang cach kep ban dau
30 mm va kéo gidn ¢ tc d6 khong d6i 1 mm/s.

Do bén kéo duoc xac dinh bang cach chia luc kéo tdi da (Fmay) cho dién tich mit cit ngang (A)
ctia mang, phan 4nh kha nang chiu lyc ctia mang trudc khi bi dat. Mdi cong thirc mang duoc thir nghiém
trén 3 mau doc 1ap (n = 3) va toan bo thi nghiém dugc lip lai ba 1an dé dam bao do tin cay. Két qua
duogc biéu dién dudi dang gia tri trung binh + d6 1éch chuin (SD).

2.6.2. Pdnh gid toc 6 truyén hoi mede (WVP) va dg hoa tan

WVP (Water Vapor Permeability) dugc xac dinh theo phuong phap ciia Zhou va cong su [12]. Mau
mang duoc dat 1én miéng 6ng ly tim 50 mL chira 25 mL nude cat, dam bao bé mat kin hoan toan. Cac
ong dugc dit trong binh hut am c6 dé 4m tuong dbi 0% va can dinh ky mdi 2 gio trong 48 git dé theo ddi
su thay ddi khéi luong do su bde hoi nude. DO hoa tan trong nudc dugc mo ta theo Zhou va cdng sy nhu
sau: Mang dugc ngam trong 50 mL nu6c cit & 22 + 1 °C trong 24 gio [12]. Sau d6, phan dung dich hoa
tan duoc loai bo, phén mang con lai dugc séy & 105 °C dén khi khdi lugng khong ddi [12, 14]. B6 hoa tan
(%) duoc tinh bang ty 18 giita khéi luong hoa tan va khéi luong ban diu ciia mang.

2.7. Phan tich phd hdng ngoai bién ddi Fourier (FTIR)

Phan tich FTIR (Fourier Transform Infrared Spectroscopy) duoc thuc hién bang may quang phd
Nicolet 6700 cua hing Thermo Fisher Scientific, Massachusetts, Hoa Ky. May duoc cai dat 32 1an quét
v6i d6 phén giai 4 cm™, pham vi quang phd dung dé phan tich cdu tric phan tir cia cac hop chat nam
trong khoang tir 4000 dén 500 cm ™.

2.8. Phan tich kinh hién vi lc nguyén tir (AFM)

Dic diém vi md bé mit ctia cac mau mang chitosan dugc phan tich bang kinh hién vi lyc nguyén
tir (AFM - Atomic Force Microscopy), NanoScope MultiMode (Veeco Metrology, Inc., M¥) & ché do
tapping mode tai nhiét d6 phong. Mau duoc quét trén dién tich 5 um x 5 pm, cho anh ba chidu d6 phén
gidi cao. Cac thong s6 d6 nham nhu R, (46 1éch trung binh tuyét dbi) va R, (d6 1éch chuén do cao trung
binh) dugc tinh bang phan mém tich hgp, nhdm danh gia mic d6 xu xi va sy thay ddi hinh thai bé mat
khi b6 sung DES va astaxanthin vao nén chitosan.

2.9. Xac dinh ham lwgng astaxanthin c6 trong mang

Ham luong astaxanthin trong cac mang sinh hoc dugc xac dinh bang sic ky 16ng hiéu ning cao
(HPLC). Mau mang kh (khoang 50 mg) duoc cit nho, hoa tan trong 10 mL dung dich ethanol:acetone
(1:1, v/v), siéu 4m trong 30 phut va ly tim & 5000 vong/phut trong 10 phit. Phan dich ndi duge loc qua
mang loc 0,22 um trude khi phan tich. HE HPLC (Shimadzu, Nhat Ban) dugc trang bi detector DAD,
st dung cot C18 (250 x 4,6 mm, 5 um). Pha dong gém acetonitrile: methanol (70:30, v/v), téc do dong
1,0 mL/phaut, thé tich tiém mau 20 pL, budc song phat hién 474 nm. Ham lugng astaxanthin dugc tinh
toan dya trén duong chuan chuén bi tir astaxanthin chuan (Sigma-Aldrich, USA).
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2.10. Panh gia do 6n dinh ciia sin phim trong qua trinh bio quan lanh

Dé dénh gia do 6n dinh cua san pham trong qua trinh bao quan lanh, cac chi tiéu hoa hoc duge
theo doi bao gom d6 giam khdi luong, pH. chi s6 TBARS (Thiobarbituric acid reactive substances),
téng ham luong base bay hoi (TVB-N). Ddng thoi, chit lugng vi sinh duoc kiém tra thong qua tong sd
vi sinh vét hiéu khi (TVC).

Gia tri pH duoc xéac dinh bang pH ké k¥ thuét?sé theo phuong phap cia Zhang va cong su [19],
phén anh mirc d6 phan giai protein hodc sy phat trién cua vi sinh vt sinh ra cac hop chét kiém trong
thuc pham.

Chi s6 TBARS dugc do theo phuong phap cua Lawal va cong su [14], dai dién cho murc d§ oxy
hoa lipid thong qua sy hinh thanh cac hop chat thtr cip nhu malondialdehyde (MDA) — v6n anh huong
tiéu cyc dén cam quan va gia tri dinh dudng ctia san pham. Cu thé, khoang 10 g mau tom dugc dong
hoa v6i 25 mL dung dich acid trichloroacetic 7,5% (TCA) chira 0,1% acid propyl gallate va 0,1% acid
EDTA dé wrc ché qua trinh oxy hoa tiép tuc. Hon hop dugc loc qua gidy loc Whatman No.1 dé thu dich
chiét trong. Sau d6, 2 mL dich loc dugc tron véi 2 mL dung dich TBA 0,02 M va dun cach thily ¢ 95
°C trong 30 phut. Sau khi 1am ngudi nhanh bang nudc da, do hap thu quang duoc do ¢ budc song 532
nm bing may quang phé UV-Vis (Thermo Scientific, My). Két qua duoc biéu thi bing mg MDA/kg
mau, thong qua duong chuan thiét 1ap tir tetracthoxypropane (TEP).

Chi tiéu TVB-N (Total Volatile Basic Nitrogen) duoc xac dinh theo phwong phap chung cit hoi
nudce theo Zhang va cong su [19]. Cu thé, mau thuc phém duoc tron véi dung dich kiém (MgO) va dun
s6i trong binh chung cat. Cac hop chit nito bay hoi (nhw amoniac, trimethylamine, va cic amin bac ba)
s€ bay hoi va dugc ngung tu trong dung dich axit boric véi chi thi Tashiro. Sau d6, dung dich acid nay
dugc chuén do bang dung dich HCI chuén. Ham luong TVB-N tinh dugc s& dugc biéu thi dusi dang
mg N/100 g mau, phan anh mic do phan hity protein va chét lwong ciia san pham trong sudt qua trinh
bao quan.

Mau séc bé mit cua tom duoc do bang may do mau Konica Minolta CR-400 (Nhat Ban), thong
qua ba chi s6: L* (40 sang), a* (mau dé/xanh 14) va b* (mau vang/xanh duong). Chi s6 Whiteness Index
(WD) [20] duogc tinh toan theo phuong trinh (1):

WI =100 — /(L — 100)% + a?+ b2 (1)

Trudc khi do, mau tom 16t vo sau bao quan lanh dugc 1am sach va lau kho dé dam bao bé mat
khong bi anh huéng béi nude hodc tap chat. Tém dwoc cat thanh miéng c6 kich thuée ddng déu va mdi
mau tém duogc dit vao vi tri phéng trén dia do mau ctia may, dam bao bé mat tiép x0c truc tiép vGi cam
bién. Céc phép do dugc thuc hién & cac thoi diém xac dinh trong subt qua trinh bao quan (0, 2, 4, 6, 10
ngdy) va tai cing mot vi tri trén mdi mau tom. MJi phép do dugc lap lai it nhét ba lan dé tinh gia tri
trung binh, giam thiéu sai sd.

Téng sb vi sinh vat hiéu khi (TVC) dugc xac dinh bang ky thuat d6 dia trén moi truong Plate
Count Agar (PCA) theo huéng dan ciia Nguyen va cong su [20]. Mau dugc u ¢ 30 °C trong 48 gio va
két qua dugc thé hién dudi dang log CFU/g. Ngudng chip nhan tbi da 1a 6 log CFU/g theo khuyén nghi
ctiia CLSI (2015) [21]; vuot ngudng nay dugc xem la khong dat yéu ciu an toan vi sinh thyc pham.

2.11. Phén tich théng ké

T4t ca cac thi nghiém dugc thyuc hién vi ba 1an lap lai doc 1ap (n = 3), két qua biéu dién dudi
dang gié trj trung binh + d¢ léch chuan (SD). Phan tich phuong sai mgt chiéu (ANOVA) va so sanh hau
nghiém bang phép kiém Tukey duoc tién hanh bang phan mém STATISTICA 13.1 (StatSoft Inc., USA)
v6i mirc ¥ nghia p < 0,05. Phan tich mo hinh dong hoc suy giam astaxanthin va xay dung do thi duoc
thue hién bﬁng Excel 2023.

3. KET QUA VA THAO LUAN

3.1. Su thay ddi dic tinh mang trong qua trinh bio quan

Trong sudt 10 ngdy bao quéan lanh, cac chi tiéu vat Iy va co hoc cia mang chitosan nguyén chit
va mang chitosan—DES-astaxanthin d€u bién d6i rd rét, phan anh sy twong tac phirc tap gitra vat liéu
mang va moi truong thuc pham (Bang 1). Ngay tir dau, mang chitosan—-DES—astaxanthin c6 d§ day lon
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hon (0,18 mm so v6i 0,15 mm) va tlep tuc tang nhe 1én 0,19 mm sau 10 ngay, cho thdy hién tuong hat
am va gidn n¢ mang polymer trong diéu kién lanh am. Sy khéc biét nay chu yéu do DES c6 kha ning
giit 4m cao, lam tang tinh linh dong chudi polymer va tao diéu kién cho phan tir nuéc tham sau [16, 24
- 25]. Ngoai ra, astaxanthin c6 thé twong tac voi khung polymer thong qua nhom hydroxyl va lién két
7—m, g6p phan 1am thay doi c4u trac mang theo thoi gian [16].

Bdng 1. Sy thay dbi tinh chat vat 1y va co hoc ctia mang chitosan va mang chitosan—-DES—astaxanthin theo thoi gian

Tl(lr‘;’gi agyi;‘n Miu Do day (mm) Wg\/’g(:;g) * EAB (%) TS (MPa)
Chitosan nguyén chat 0,15+ 0,01 | 2,99+0,06" | 39,19+ 1,71% 6,35+ 0,720
0 Chitosan — DES — astaxanthin 0,18+0,01°* | 3,51+0,07F | 52,36+0,91: 3,83 40,54
Chitosan nguyén chét 0,15+0,01%* | 3,06 0,09 | 37,85+1,56* 5,94 £ 0,74eAB
2 Chitosan — DES — astaxanthin 0,18 £0,0124 [3,76 0,10 | 48,63 £ 0,82:8 3,56 + 0,388
Chitosan nguyén chat 0,15+ 0,01 | 3,110,110 | 3543+ 148" | 537:+0,65%5C
4 Chitosan — DES — astaxanthin 0,18 £0,01** [4,01+£0,11°P| 44,11 +0,77°¢ 3,15 £0,3548¢
Chitosan nguyén chét 0,15+ 0,01 | 3,15+0,13 | 32,98+ 1,37045C | 4,88 + 0,59%5C
o Chitosan — DES — astaxanthin 0,19+ 0,01** | 4,28 £0,135¢| 39,76 + 0,68*" 2,79 £ 0,32vBC
Chitosan nguyén chat 0,16+ 0,01 | 3,18+0,12° | 30,56+ 1,26"P | 4,42+ 0,53°¢
’ Chitosan — DES — astaxanthin 0,19+ 0,014 |4,45+0,1548 | 3584 +0,61°F 2,48 + 0,20
" Chitosan nguyén chat 0,16+ 0,01 | 322+0,14% | 27,64+ 1,33 3,98 4 0,48:C
Chitosan — DES — astaxanthin 0,19+ 0,014 | 4,610,144 | 32,14+ 0,84°F 2,21+ 0,28

Trong cung mot cot, cdc ki tw

ab,c ...

khdc nhau thé hién s khdc biét ¢é ¥ nghia giita hai nghiém thire mau tai cing

mét nghiém thire thoi gian véi mike ¥ nghia 5% va cdc ki tw 43S - khéc nhau thé hién sw khdc biét ¢é Y nghia giita

cde nghiém thire thoi gian tai ciing mot nghiém thirc méau véi mire Y nghia 5%.

Déng ch ¥, su gia ting do day di kém vai bién dong dang ké vé d6 thim hoi nude (WVP). Trong
giai doan 2-4 ngay, WVP cua mang chitosan-DES-astaxanthin tang tir 3,76 1én 4,01 x 107'° g/ms-Pa,
ddng thoi d6 nham bé mat (Rq) tang tr 2,67 1én 9,67 nm (Bang 2). Sy ddng bién nay phan anh chudi
thay ddi vi mé: khi mang hat am va tai sip xép mang polymer, cc vung lién két yéu giita chitosan va
astaxanthin dé bi pha v& cuc bg, hinh thanh vi mao quan va bé mat g0 ghe hon (Hinh 2). Chinh sy xuét
hién cac “kénh dan” nay lam gia tang dang ké su khuéch tan hoi nudc [14, 16 - 25]. Co ché nay giai
thich tryc t1ep cho két qua bao quan (muyc 3.2): khi WVP tang, hoi nudc thoat qua mang dé dang hon,
dan den mat nudce nhiéu hon tir moé tom. Nguoc lai, mang co6 WVP thap hon s& duy tri duoc hang rao
4m tot hon, nho d6 1am giam ty 16 mét khdi luong trong qua trinh bao quan. Nhu vay, bién dong WVP
khong chi 1a chi s6 vat Iy cia mang ma con dong vai tro quyét dinh dén kha nang kiém soat hao hut
khéi lwong cia tom.

Bang 2. Ham luong astaxanthin, kha nang khang oxy hoa, cac thong s6 dong hoc va d6 nham bé mit cua mang
chitosan—DES trong suot thoi gian bao quan.

Thoi Ham luon DPPH (pmol
gian Ham wong TE/mL) ki (ngay™) k2 (ng/g)™") Ra (mm) Rq (mm)
(ngay) | " lai (ug/g)
0 14,890,007 | 4,9140,18° ; ; 1,97£0,039 | 2,63+0,02°
2 142250,60° | 4,05+0,20° 0,0230° 0,0016° 2,670,070 | 2,92+0,05¢
by b
4 13,76£0,51> | 3°1%0.25% 0,0196* 0,0014 9,67+0,12¢ | 7,26+0,18"
6 13,4240,60° | 3,490,11° 0,0172° 0,0011° 9,80£0,20° | 7,53%0,10°
d
8 13,20+0,62¢d |  3,41£0,25° 0,0150° 0,0011¢ 10,91£0,22° | 8,23+0,207
10 12,880,559 | 2,88+0,17¢ 0,0144° 0,0011° 12,3620,19 | 9,57+0,15°

ki, ka: Hdng 56 téc do phan tng theo cac mé hinh dong hoc bdc 1 va 2. Trong cung mot cot, cac chir cai *>¢ khac

nhau thé hién sy khdc biét co ¥ nghia giita cdc nghiém thire véi mirc Y nghia 5%.
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V& co hoc, mang chitosan—DES—astaxanthin giir dugc do gidn dai (EAB) cao hon trong sudt qué
trinh bao quan (giam tir 52,37% xudng 32,14%), trong khi chitosan giam cham hon (39,17% xudng
27,64%). DES déng vai trd hoa déo, lam ting linh dong chudi polymer, con astaxanthin hoat dong nhu
mdt chit 6n dinh mang, han ché oxy hoa ndi mang — nguyén nhan chinh gy giam EAB khi bao quan
kéo dai [14, 18, 23, 24]. Nguoc lai, d6 bén kéo (TS) lai cho thiy xu hudng giam nhanh hon & chitosan
nguyén chit. TS ban diu ctia mang chitosan cao hon chitosan — DES—astaxanthin (6,35 MPa so v6i 3,82
MPa), tuy nhién dén ngay thir 10, TS cua chitosan giam manh con 3,98 MPa, trong khi DES—astaxanthin
van gitr duoc 2,21 MPa. Mirc suy giam thap hon & mang chtra astaxanthin chung t6 astaxanthin c6 kha
niang bao vé mot phan mang polymer khoi phan cit do stress moi truong [14, 25].
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Hinh 2. Hinh d&nh AFM ba chiéu cta chiéu cao bé mit va pha (kich thudce quét 5x5 um) ciia mang DES
chira astaxanthin tich hgp véi chitosan qua cac ngay bao quan tai nhiét do 4°C trong (a-f) 0, 2, 4, 6, 8, 10 ngay
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Nhu vy, két qua Bang 1 va Bang 2 cho thiy sy thay ddi ctia mang khong dién ra doc 1ap ma c6
quan hé nhan qua ro rét: ting do ém, tai cAu triic bé mat, taing d6 nhdm va WVP. biéu nay dan dén két
qua la giam hiéu qua hang rao va thay doi co tinh. Cau tric mang duoc didu chinh boi cac tuong tac
gitra chitosan, DES va astaxanthin, trong d6 sy hi¢n dién cua DES vira mang lai 6 mém déo vira khién
mang dé tai t6 chic dudi diéu kién lanh am. Astaxanthin déng vai tro then chdt trong viée duy tri 6n
dinh mang polymer, han ché ldo héa vt lidu va giam toc d suy giam tinh chat co hoc.

3.2. Hiéu qua bio quan tém 19t vé bing mang DES—chitosan chira astaxanthin

Trong bao quan lanh, chat lugng tom 16t vo suy giam cha yéu boi ba co ché: thoat 4m, hoat dong
vi sinh vat va oxy hoéa lipid. Céc chi ti€u nhu hao hut khéi lugng, pH, TVB-N, TBARS, TVC va chi $b
mau WI ¢6 mdi lién hé tuong tac chat ché, phan anh toan dién bién d6i vat Iy — hoa hoc — sinh hoc trong
sudt qua trinh bao quan (Bang 3). Sau 10 ngdy ¢ 4 + 1 °C, mau phii mang chitosan-DES—astaxanthin
chi mét 3,76% khoi luong, thip hon dang ké so voi mang chitosan thuan (6,2%) va d6i chimg khong
phu mang (8,94%). Két qua nay khang dinh vai trd rao can vat Iy ciia mang trong viéc han ché bay hoi
nuéce, bao vé cu tric mé va giam bién tinh protein co [19, 27]. Ngoai ra, nho déc tinh acid lactic trong
DES, mang con tao vi méi truong bat lgi cho vi sinh vat, gop phan duy tri pH thap hon (6,81 so véi 7,46
& d6i chung) va giam hinh thanh TVB-N (22,76 so v&i 36,85 mg/100 g). Diéu nay phan anh kha ning
tre ché hoat dong khtr amin — khir carboxyl cua vi sinh vat sinh hu hdng, von 1a co ché chinh tao ra cac
base bay hoi [25].

Bdng 3. Qua trinh oxy hoa lipid va sy phat trién vi sinh vt trong tém trong subt 10 ngay bao quan & 4 °C

Mau Ngay k]}?; %lii;g pH TVB-N TBARS (mg | TVC (log WI (%)
(%) (mg/100g) MDA/kg) CFU/g)
0 0,0+ 0,0° 6,31+ 0,05°° 931+0,12F | 025+0,01 | 222+0,05F | 51,73=0,96*
Péi 2 141+ 0,04 | 6,51£0,07°P | 17,940,222 | 039=0,02F | 4,11£0,25F | 50,454 0,90*B
chimg 4 | 30950090 | 6,72£005C | 22,63£0270 | 076+0,03° | 52050140 | 4894+ 1,01
l;ﬁﬁng 6 5,0240,12°C | 6,96£0,09® | 29,17+ 0,35C | 0,99 0,05 | 6,10+ 0,19 | 46,37+ 0,66
mang 8 | 7052021 | 723+0,11% | 33,56£046® | 146+0,09 | 6,90+ 022 | 4594097
10 | 894024 | 746+0,14* | 36,85£0,64* | 2,250,124 | 7,424 025 | 4529+ 0,78"C
0 0,0+ 0,0 6,29+ 0,05 | 930+£0,10° | 024=001F | 2,22+0,05F | 51,52+ 1,06%
2 1,22+ 0,03 | 6,45+ 0,09 | 16,42+ 021" | 029=0,01° | 3,800,090 | 50,70+ 0,95*
Phu 4 2,58+ 0,08°° | 6,63+0,12°0 | 18,14 0,23% | 0,51+0,02'° | 4,70 0,14 | 49,78+ 0,84%B
Ic?la;?ogsan 6 427+ 0,11°¢ | 6,81+ 0,13%5C | 2578+0,32° | 0,78 +0,04°C | 5,61+0,19" | 48,48+ 0,79"BC
8 548+ 0,14 | 7,04£0,14 | 27,58£0,41°® | 1,15+ 0,07 | 6,33+ 0,17° | 46,78+ 0,79C
10 6,2+0,12° | 737+0,15* | 30,63+0,52° | 2,05+0,09* | 6,90+0,23" | 46,87+ 0,89"C
0 0,0+ 0,00% | 631+0,05C | 9,32+£0,15% | 0,25+0,01°® | 2,23£0,05° | 51,80+ 1,13
Eg:lg 2 0,85+ 0,02F | 6,39+£0,06° | 14,65:0,35° | 0,26%0,03" | 2,41+ 0,06° | 51,28+ 0,89
DES- 4 1,44+ 0,04 | 6,48+ 0,07°%C | 15,72+ 0,40° | 0,29+0,03° | 2,91+0,09° | 50,12+ 0,92**
chitosan
chira 6 2,56+ 0,07°C | 6,58+ 0,11%8C | 19,144 0,43 | 0,47£0,04C | 3,20+0,12° | 50,81+ 0,92%
?ljitixan' 8 3,22£0,09 | 6,72+0,13%*% | 20,83£0,50 | 0,66+0,07® | 3,71x 0,13 | 50,66+ 0,94
10| 3,76£0,124 | 6,81=0,14° | 22,76+ 0,62¢* | 0,95+0,08"* | 4,3+0,16™ | 49,96+ 0,83*

Trong cting mot cét, cac ki tyw > khdac nhau thé hién sy khéc biét co y nghia gitta cdc nghiém thirc mau tai cung

mot nghiém thirc ngay véi mirc y nghia 5% va cac ki tw #8.6 - khdc nhau thé hién sy khdc biét ¢6 y nghia giita cdc

nghiém thirc ngay tai ciing mét nghiém thiec mau véi mikc y nghia 5%.

Su két hop giita co ché vat 1y va hoa hoc nay con hd trg hidu qua chdng oxy hoa. Chi s TBARS
& mau phi DES—chitosan—astaxanthin chi dat 0,95 mg MDA/kg, thap hon gan 60% so véi dbi chiing
(2,25 mg/kg). Hiéu qua nay chi yéu dén tir astaxanthin, mot chat chong oxy héa manh (ICso DPPH =
4,91 pmol TE/mL), dugc giai phong bén vitng nho cu tric mao quan va kénh din quan sat dugc qua
SEM. Dir liéu FTIR cho the"'ly bién ddi cac nhom chuc —OH, —NH:, C=0, cung ¢ co ché “solvent-
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activated release”, trong d6 méi trudng am thuc ddy qua trinh giai phong astaxanthin, tir &6 bao vé lipid
va protein trudc sy tan cong cua goc tu do [15, 16].

Ngoai ra, mang con duy tri 6n dinh mau sic san pham. Chi s6 WI ctia mau phi DES—chitosan—
astaxanthin duoc giir & mirc cao trong sudt thoi gian bao quan, trong khi dbi chimg suy giam dang ké.
bay la minh ching cho kha néng ngan ngira hién tuong mat mau do oxy hoa lipid va qua trinh bién doi
vi sinh. Song song do, tong s6 vi khuan hiéu khi (TVO) ¢ mau phu DES chi dat 4,3 log CFU/g, thap
hon nhiéu so véi ddi chimg (7,42 log CFU/g), cho thay tac dong hi¢p dong khang khuén gitra chitosan
va acid lactic [19]. Nhu vay, hiéu qua bao quan khong chi dya trén mét ycu t6 don 1¢, ma 1a két qua
tong hop cua hang rao vat Iy han ché am va oxy, co ché hoa hoc duy tri can bang pH — ngan hinh thanh
TVB-N va tac dong sinh hoc tir astaxanthin va acid lactic gitip khang khuan — chéng oxy hoéa, tit ca
cung phéi hop dé kéo dai chét lwong va tudi tho cta tom.

Trong nghién ctru nay, mang DES—chitosan—astaxanthin khong dugc phu tryc tiép 1én bé mit tom
ma dong vai trd nhu mét 16p bao vé bén ngoai, twong tu co ché “seal” trong bao goi. Do d6, cac thanh
phén hoat tinh nhu astaxanthin khong thdm thau sdu vao mod, ma chu yéu bao vé bé mat tdm khoi OXy
hoéa va vi sinh vat. Nho vay, mang khong 1am bién ddi thanh phan dinh dudng bén trong nhung van duy
tri do twoi va tinh an toan cam quan. V& khia canh an toan, cic cau phan tao mang (acid lactic va choline
chloride) déu thuéc nhém GRAS (Generally Recognized As Safe) [26, 27] trong khi astaxanthin 1a
carotenoid ty nhién da dugc EFSA va FDA ph€ duyét cho Gmg dung trong thuy san [28, 29]. Diéu nay
khang dinh rui ro gdy mat an toan thuc pham & muc rat thp.

Tuy nhién, nghién ciru chi sir dung mau khong pht mang lam ddi ching, nham danh gia hiéu qua
16p mang chira hop chét ¢ hoat tinh sinh hoc. Cach lam nay chua phan anh diy du cac phuong phép
bao quan phd bién nhu ding vat liéu PE, PP, hut chan khong hay MAP [30]. Do d6, can c6 thém nghién
clru so sanh véi cac vat liéu bao goi thwong mai. Hudng tiép theo nén tich hgp mang nay vao cac hé
dong goi hién hanh dé danh gia kha ning tng dung thuc té va trién khai cong nghiép.

3.3. bDong hgc astaxanthin gidi phéng trong qua trinh bdo quin tom

Qua trinh suy giam ham luong astaxanthin trong mang chitosan—DES trong diéu kién bao quan &
4 °C dugc md phong bang hai mé hinh dong hoc bac 1 va bac 2 (Hinh 3). O giai doan dau (0-2 ngay),
md hinh bac 1 véi phuong trinh InC=InCo—kit mé ta twong dbi chinh xéc sy suy giam astaxanthin, khi
hé s6 toc do phan huay ki giam nhe tir 0,0230 xudng 0,0196 ngay' (Bang 2). Diéu nay phu hop voi dir
lidu AFM (Hinh 2a-b), cho thiy bé mat mang con min va dong nhat, véi do nham thap (Ra=1,97-2,67
nm; Rq = 2,63-2,92 nm, Bang 2), giap astaxanthin dé dang khuéch tan. Bén canh do6, pho FTIR (Hinh
4) van ghi nhan r6 cac dinh hap thy dédc trung khoang 3300 cm™ , thé hién lién két hydro yéu —OH va
N-H van chiém wu thé, cho thiy cdu trac mang con 6n dinh [12, 24] Do @6, gia dlnh cua mo hinh bac
1- tbc d6 phan hiy ty 16 thudn véi ndng do con lai — 1a hop 1y trong giai doan ma cdu trac mang con
6n dinh.

0. 0,012
0 "2 1 6 810 001 e
—~ -0.05 ] v =-0,0156x .
8 R2=0,0475 g 0.008 (B) o
oo T . 0,006 o Ty =00011x
T @ T R2= 09595
g (A) . = 0,004 —
S 015 T8 0002
0 -'
" 0 2 4 6 8 10
. Thoi gian bao quan (ngay) Thoi gian bao quan (ngay)

Hinh 3. M6 hinh dong hoc béac 1 (A) va bac 2 (B) m6 ta qua trinh suy giam astaxanthin trong mang
chitosan — DES theo thoi gian bdo quan
Tuy nhién, tu ngdy thtr 2 tro di, ddc biét la giai doan tir ngay 4 dén ngay 10, mé hinh bac 1 khong
con md ta dung tién trinh phan hay. Do nham bé mit ting manh (R, 1én t6i 12,36 nm; Rq = 9,57 nm,
Béng 2), chig t6 mang da trai qua tai céu tric 16 rét (Hinh 2c—f) véi sy xuat hién céc rinh sau, bé mat
gd ghé khién viéc khuéch tan astaxanthin bi han ché. Phd FTIR & cac mau AST—6 dén AST-10 ciing
ghi nhéan sy suy giam dinh —OH (~3300 cm™') ddng thoi ting cac dai hap thu dic trung lién két C=0O
(~1650 cm™) va N-H ubn (~1550 cm™) [17], phan anh sy hinh thanh lién két bén giira astaxanthin va
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nén chitosan-DES. Nhimg thay ddi nay bao hiéu co ché phan huy khong con don gian phy thudc vao
ndng d6 nhuw md hinh bac 1, ma chiu anh huéng manh béi tai cau trac mang polymer va tuong tac hoa
hoc phtc tap [16].

Trong khi d6, mé hinh bac 2 véi phwong trinh 1/C=1/Co+kat) cho thiy kha ning mo phong phu
hop hon trén toan bd chu ky bao quan, dic biét 1a sau ngay thir 4. M6 hinh gia dinh téc d6 phan hiy ty
1€ thuan voi binh phuong nbng do, phan anh trang thai hoat chat ’khong con ty do khuéch tan ma bi giir
lai trong mang polymer tai cAu trac [18]. Hé sb k. duy tri 6n dinh trong khoang 0, 0011-0,0016
(ng/g) ' *ngdy va hé sé twong quan R? dat 0,9595, cao hon so véi mé hinh bac 1. Sai sé RMSE thép
hon (~0,188 pg/g) ciing chiing minh mé hinh bac 2 mé phdéng chinh xac hon qua trinh suy giam
astaxanthin trong mang chitosan-DES. Hon nita, m6 hinh nay phan 4nh r6 tinh hai pha cua qua trinh
phan hity: pha dau khuéch tan nhanh nho mang polymer m¢ va cau tric long leo; pha sau chdm dan do
su hinh thanh lién két lién phan tir bén va céu tric mang dic hon, han ché van dong ciia phéan tur
astaxanthin. Két qua phu hop véi cac nghién ctru trude d6 nhu cua Qiang va cong sy [31] va Dewati va
cong sy [18] khi md ta sy chuyén tiép tir khuéch tan ty do sang khuéch tan bi kiém soat boi mang
polymer.

Do truyén qua (%)

W' ——DES Pure AST -0 AST -2
1 1
! ———AST-6 =——AST-8 =——AST-10
600 1.100 1.600 2.100 2.600 3.100 3.600

S6 song (cm!)

Hinh 4. Su thay d6i chit lugng thit tdm trong sudt qua trinh bao quan tai 4 °C bing mang chitosan nguyén chét
va mang chitosan chira DES va astaxanthin (ty 1¢ DES:chitosan 1:5) qua cac thoi diém 0, 2, 4, 6, 8, 10 ngay
(AST-0 dén AST-10).

Tom lai, trong qua trinh bao quan lanh, khi mang chitosan-DES trai qua su tai céu trac va bién
d6i hoa hoc ndi mang, mod hinh dong hoc bac 1 chi phu hop trong giai doan dau (0-2 ngay). Ttr sau ngay
thir 4, md hinh bac 2 mo ta t6t hon tién trinh phan hiy nho phan anh ban chat phi tuyén va phu thudc
vao céu trac hé vat lidu. Tuy m6 hinh bac 2 phu hop nhit vé RMSE, nhung nghién ctru tiép theo nén
thir nghiém mé hinh khuéch tan kiém soat nhu Higuchi dé 1am rd ban chat khuéch tan phirc tap hon, tir
d6 mo rong kha niang mo phong dong hoc phong thich hoat chét tir mang chitosan—DES.

4. KET LUAN

Nghién ctru nay cho thdy viéc tich hop dung méi eutectic sau (DES) va astaxanthin vao nén
chitosan da cai thién r0 rét cac dac tinh cua mang sinh hoc. Mang chitosan-DES-astaxanthin thé hién
kha nang giit 4m tdt, tinh linh dong polymer cao va dg bén céu trac 6n dinh trong didu kién bao quan
lanh. Nho d6, mang giup giam mat khdi lugng, han ché oxy héa lipid va kiém soat hiéu qua cac chi tiéu
chat lugng cta t6m 16t vo nhu pH, TVB-N, TBARS va TVC. Phan tich dong hoc cho thdy mé hinh bac
hai mé phong t6t qué trinh suy giam astaxanthin. Két qua nay phan anh su chuyén doi tir khuech tan tu
do sang khuéch tan bi kiém soat boi mang polymer tai cau triic. Tuy nhién, nghién ctru con ton tai mot
s6 han ché. Cu thé, chua c6 mau dbi chimg chi chtra DES va chwa danh gia cam quan sau bao quéan. Do
d6, cac nghién ctru tiép theo can bo sung mau dbi ching, mau bao goi bang mang PP hodc PE thuong
mai, dong thoi tich hop danh gia cam quan va mé rong diéu kién bao quan. Ngoai ra, viéc khai thac
astaxanthin tir phu phdm vo tém can dugc tiép tuc nghién ciru nhu mot hudng di bén ving trong phat
trién mang sinh hoc thyc pham.

43



Trén Chi Hai, Phan Vian Mén, Lé Thj Hong Anh

10.

11.

12.

13.

14.

15.

TAI LIEU THAM KHAO

Libio I.C., Demori R., Ferrdao M.F., Lionzo M.I.Z., da Silveira N.P. - Films based on neutralized
chitosan citrate as innovative composition for cosmetic application, Materials Science and
Engineering C 67 (2016) 115-124, https://doi.org/10.1016/j.msec.2016.05.009

Zhang W., Zhou W., Zhang Z., Zhang D., Guo Z., Ren P., Liu F. - Effect of nano-silica and sorbitol
on the properties of chitosan-based composite films, Polymers 15 (2023) 4015,
https://doi.org/10.3390/polym15194015

Priyadarshi R., Rhim J. W. - Chitosan-based biodegradable functional films for food packaging
applications, Innovative Food Science & Emerging Technologies 62 (2020) 102346,
https://doi.org/10.1016/j.ifset.2020.102346

Khubiev O. M., Egorov A. R., Kirichuk A. A., Khrustalev V. N., Tskhovrebov A. G., Kritchenkov
A. S. - Chitosan-based antibacterial films for biomedical and food applications, International
Journal of Molecular Sciences 24 (2023) 10738, https://doi.org/10.3390/ijms241310738

LiuY.,YuanY.,Duan S., LiC., Hu B., Liu A.,, Wu D, Cui H,, Lin L., He J., Wu W. - Preparation
and characterization of chitosan films with three kinds of molecular weight for food packaging,
International ~ Journal of  Biological = Macromolecules 155  (2020)  249-259,
https://doi.org/10.1016/j.ijbiomac.2020.03.217

Ciss¢ M., Montet D., Loiseau G., Ducamp-Collin M. N. - Influence of the concentrations of
chitosan and glycerol on edible film properties showed by response surface methodology, Journal
of Polymers and the Environment 20 (2012) 830-837, https://doi.org/10.1007/s10924-012-0437-2

Campos E. V. R., Oliveira J. L., Fraceto L. F. - Poly(ethylene glycol) and cyclodextrin-grafted
chitosan: From methodologies to preparation and potential biotechnological applications, Frontiers
in Chemistry 5 (2017) 93, https://doi.org/10.3389/fchem.2017.00093

Ninjiaranai P. - Biopolymer films based on chitosan and polyethylene glycol with pineapple leaf
fiber for food packaging applications, Macromolecular Symposia 354 (2015) 294-298,
https://doi.org/10.1002/masy.201400090

Higuera-Ciapara [., Félix-Valenzuela L., Goycoolea F. M. - Astaxanthin: A review of its chemistry
and applications, Critical Reviews in Food Science and Nutrition 46 (2006) 185-196,
https://doi.org/10.1080/10408690590957188

Johnson E. A., An G.-H - Astaxanthin from Microbial Sources, Critical Reviews in Biotechnology
11 (1991) 297 — 326, https://doi.org/10.3109/07388559109040622

Jakubowska E., Gierszewska M., Nowaczyk J., Olewnik-Kruszkowska E. - Physicochemical and
storage properties of chitosan-based films plasticized with deep eutectic solvent, Food
Hydrocolloids 108 (2020) 106007, https://doi.org/10.1016/j.foodhyd.2020.106007

Zhou W., Yu J., Zhao L., Wang K., Hu Z., Wu J., Liu X. - Enhancement of chitosan-based film
physicochemical and storage properties by interaction with proanthocyanidin and natural deep
eutectic solvent, International Journal of Biological Macromolecules 278 (2024) 134611,
https://doi.org/10.1016/j.ijbiomac.2024.134611

Kaczmarek-Szczepanska B., Sosik A., Malkowska A., Zasada L., Michalska-Sionkowska M.,
“Chitosan-based films enriched by caffeic acid with poly(ethylene glycol) — A physicochemical
and antibacterial properties evaluation,” International Journal of Biological Macromolecules 192
(2021) 728-735, https://doi.org/10.1016/j.ijbiomac.2021.10.067

Lawal K. G., Nazir A., Sundarakani B., Stathopoulos C., Maqsood S. - Unveiling the effect of
natural deep eutectic solvents-based date seed polyphenolic extract on the properties of chitosan-
PVA films and its application in shrimp packaging, International Journal of Biological
Macromolecules 280 (2024) 135593, https://doi.org/10.1016/].ijbiomac.2024.135593

Lupina K., Kowalczyk D., Kazimierczak W. - Gum arabic/gelatin and water-soluble soy
polysaccharides/gelatin blend films as carriers of astaxanthin—a comparative study of the kinetics
of release and antioxidant properties, Polymers 13 (2021) 1062,
https://doi.org/10.3390/polym13071062

44


https://doi.org/10.1016/j.msec.2016.05.009
https://doi.org/10.3390/polym15194015
https://doi.org/10.1016/j.ifset.2020.102346
https://doi.org/10.3390/ijms241310738
https://doi.org/10.1016/j.ijbiomac.2020.03.217
https://doi.org/10.1007/s10924-012-0437-2
https://doi.org/10.3389/fchem.2017.00093
https://doi.org/10.1002/masy.201400090
https://doi.org/10.1080/10408690590957188
https://doi.org/10.3109/07388559109040622
https://doi.org/10.1016/j.foodhyd.2020.106007
https://doi.org/10.1016/j.ijbiomac.2024.134611
https://doi.org/10.1016/j.ijbiomac.2021.10.067
https://doi.org/10.1016/j.ijbiomac.2024.135593
https://doi.org/10.3390/polym13071062

Mang chitosan tich hop DES chira astaxanthin: Déc tinh céu tric, co ché giai phéng va g dung...

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lupina K., Kowalczyk D., Lis M., Raszkowska-Kaczor A., Droztowska E. - Controlled release of
water-soluble astaxanthin from carboxymethyl cellulose/gelatin and octenyl succinic anhydride
starch/gelatin blend films, Food Hydrocolloids 123 (2022) 107179,
https://doi.org/10.1016/j.foodhyd.2021.107179

Tran C. H., Phan V. M., Le T. H. A. - Microwave-assisted extraction of astaxanthin from shrimp
shell by-products (Penaeus monodon) using deep eutectic solvents and evaluation of antioxidant
activity, Journal of Food Measurement and Characterization 19 (2025) 4796-4811,
https://doi.org/10.1007/s11694-025-03292-9

Dewati P. R, Rochmadi, Rohman A., Budiman A. - Degradation rate of astaxanthin from
Haematococcus pluvialis, Food Research 6 (2022) 254-258, https://doi.org/10.26656/1r.2017.6(4).462

Zhang Z., Xia G., Yang Q., Fan X., Lyu S. - Effects of chitosan-based coatings on storage quality
of  Chinese  shrimp, Food Science and Nutrition 7 (2019) 4085-4094,
https://doi.org/10.1002/fsn3.1275

Nguyen M. T., Phan T. T. T., Le L. N., Vu T. K. L. - Synergistic antioxidant and antibacterial
activities of polyphenol extracts from mangosteen peels in preservation of Pangasius
hypophthalmus fish balls, Journal of Agriculture and Food Research 17 (2024) 101242,
https://doi.org/10.1016/j.jafr.2024.101242

CLSI - M07-A10: Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow
Aerobically; Approved Standard—Tenth Edition, 2015. [Online]. Available: www.clsi.org.

Inthamat P., Lee Y. S., Boonsiriwit A., Siripatrawan U. - Improving moisture barrier and functional
properties of active film from genipin-crosslinked chitosan/astaxanthin film by heat curing,
International ~ Journal of Food Science and Technology 57 (2022) 137-144,
https://doi.org/10.1111/ijfs. 15396

Tran Chi Hai, Bui Thuc Trinh, D3 Hao Nam, Phan Van Man, Lé Thi Hong Anh - Ung dung dung
mdi eutectic sdu chira astaxanthin trich ly tir vo tdm dé nang cao dac tinh mang chitosan, Tap chi
Khoa hoc Pai hoc Cong Thuong 25 (2025) 3-12, https://doi.org/10.62985/j.huit_0js.vol25.n03.191

Arancibia M. Y., Lopez-Caballero M. E., Gomez-Guillén M. C., Montero P. - Chitosan coatings
enriched with active shrimp waste for shrimp preservation, Food Control 54 (2015) 259-266,
https://doi.org/10.1016/j.foodcont.2015.02.004

Jeyakumari A., George N., Joshy C. G., Parvathy U., Zynudheen A. A., Lalitha K. V. - Effect of
chitosan on shelf life of restructured fish products from pangasius (Pangasianodon hypophthalmus)
surimi during chilled storage, Journal of Food Science and Technology 53 (2016) 2099-2107,
https://doi.org/10.1007/s13197-016-2174-3

U.S. Food and Drug Administration (FDA) - 21 CFR §184.1061 — Lactic acid, Electronic Code of
Federal Regulations (eCFR), 2024. [Online]. Available: https://www.ecfr.gov/current/title-
21/section-184.1061

U.S. Food and Drug Administration (FDA) - 21 CFR §182.8252 — Choline chloride, Electronic
Code of Federal Regulations (¢CFR), 2024. [Online]. Available: https://www.ecfr.gov/current/title-
21/section-182.8252

U.S. Food and Drug Administration (FDA) - 21 CFR §73.35 — Astaxanthin, Electronic Code of
Federal Regulations (eCFR), 2024. [Online]. Available: https://www.ecfr.gov/current/title-
21/section-73.35

EFSA FEEDAP Panel - Scientific opinion on the safety and efficacy of astaxanthin for salmonids,
other fish and crustaceans, EFSA Journal 12 (2014) 3724. https://doi.org/10.2903/j.efsa.2014.3724

Laorenza Y., Chonhenchob V., Bumbudsanpharoke N. - Polymeric packaging applications for
seafood products: packaging-deterioration relevance, technology and trends, Polymers 14 (2022)
3706, https://doi.org/10.3390/polym14183706

Qiang M., Pang X., Ma D.,Ma C., Liu F. - Effect of membrane surface modification using chitosan
hydrochloride and lactoferrin on the properties of astaxanthin-loaded liposomes, Molecules 25
(2020) 610, https://doi.org/10.3390/molecules25030610

45


https://doi.org/10.1016/j.foodhyd.2021.107179
https://doi.org/10.1007/s11694-025-03292-9
https://doi.org/10.26656/fr.2017.6(4).462
https://doi.org/10.1002/fsn3.1275
https://doi.org/10.1016/j.jafr.2024.101242
https://doi.org/10.1111/ijfs.15396
https://doi.org/10.62985/j.huit_ojs.vol25.no3.191
https://doi.org/10.1016/j.foodcont.2015.02.004
https://doi.org/10.1007/s13197-016-2174-3
https://www.ecfr.gov/current/title-21/section-184.1061
https://www.ecfr.gov/current/title-21/section-184.1061
https://www.ecfr.gov/current/title-21/section-182.8252
https://www.ecfr.gov/current/title-21/section-182.8252
https://www.ecfr.gov/current/title-21/section-73.35
https://www.ecfr.gov/current/title-21/section-73.35
https://doi.org/10.2903/j.efsa.2014.3724
https://pubmed.ncbi.nlm.nih.gov/?term=%22Bumbudsanpharoke%20N%22%5BAuthor%5D
https://doi.org/10.3390/polym14183706
https://doi.org/10.3390/molecules25030610

Trén Chi Hai, Phan Vian Mén, Lé Thj Hong Anh

ABSTRACT

CHITOSAN FILMS INCORPORATED WITH DES-CONTAINING ASTAXANTHIN:
STRUCTURAL CHARACTERISTICS, RELEASE MECHANISM, AND APPLICATION
IN SHRIMP PRESERVATION

Tran Chi Hai!, Phan Van Man?, Le Thi Hong Anh'*
'Ho Chi Minh City University of Industry and Trade

’Ba Ria - Vung Tau College of Technology
*Email: anhlth@huit.edu.vn

In response to the increasing demand for improved protection and delivery of bioactive
compounds in food packaging materials, this study focuses on the development of a chitosan-based film
integrated with a deep eutectic solvent (DES) system containing astaxanthin, aiming to enhance its
functionality for cold storage, particularly in peeled shrimp preservation. The study aimed to compare
pure chitosan films with those containing DES—astaxanthin in terms of physicochemical characteristics,
mechanical properties, and preservation performance. The DES—astaxanthin films exhibited superior
flexibility, as indicated by a smaller decrease in elongation at break (from 52.37% to 32.14%), compared
to the pure chitosan films (from 39.17% to 27.64%). These films also demonstrated enhanced structural
stability and mechanical integrity throughout 10 days of refrigerated storage. In terms of preservation
efficiency, the DES—astaxanthin films reduced shrimp weight loss (3.76%) more effectively than both
the chitosan-only films (6.2%) and the control samples (8.94%). Furthermore, they contributed to
maintaining pH stability, lowering total volatile basic nitrogen (TVB-N) accumulation, and inhibiting
lipid oxidation, with TBARS values reduced by 60% relative to the control. Sensory quality, particularly
color retention (measured via whiteness index, WI), was better preserved in the DES—astaxanthin group,
while microbial growth (total viable count, TVC) was significantly suppressed. The release profile of
astaxanthin from the film matrix was described using two kinetic models, with the second-order model
providing a better fit for the release behavior over the storage period. These findings suggest that
chitosan films incorporated with DES—astaxanthin present a promising strategy for the development of
active packaging materials for cold-chain seafood products. However, further validation in real food
systems is necessary to confirm their comprehensive preservative efficacy.

Keywords: Deep eutectic solvent, astaxanthin, chitosan film, mechanical properties, antibacterial
activity.
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