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Tom tat:

Nghién ciru ndy t6i wu héa qud trinh trich ly Astaxanthin tir v6 tém bang vi séng sir dung hé dong dung
méi DES-ethanol (55:45) va iing dung dich chiét thu dwoc trong ché tao mang chitosan bdao quan thit heo.
Piéu kién toi wu gom cong sudt vi séng 330 W, thoi gian vi séng 60 s va thoi gian ldc 25 phiit, cho ham
lirong Astaxanthin dat 44,64 + 0,17 ug/g. Dich chiét sau d6 dwoc bo sung vao mang chitosan voi 1y 16 phoi
trén 1:20 (v/v) nham tao mang sinh hoc hoat tinh. Két qua bdo quan ¢ 4°C cho thdy, mang hoat tinh gitip
gidm oxy héa lipid, trc ché sy phdt trién cia vi sinh vdt va kéo dai thoi gian dat ngudong hir hong vi sinh
khodng 3 ngay so véi doi chirng am. Két qua cho thay, tiém ndng iing dung Astaxanthin tir vo tom trong
phat trién vt liéu bao géi sinh hoc hoat tinh.

Twr khéa: Astaxanthin, vo tom, DES-ethanol, vi song, mang chitosan, bao quan thit heo.

Optimization of microwave-assisted astaxanthin extraction using a
DES-ethanol system and application of the extract in meat preservation

Abstract:

This study optimizes microwave-assisted extraction of astaxanthin from shrimp shells using a deep
eutectic solvent-ethanol system at a ratio of 55:45 and evaluates the extract in chitosan films for pork
preservation. A Box-Behnken design identified the optimal conditions as 330 W microwave power, 60
seconds of irradiation, and 25 minutes of shaking, yielding 44.64 = 0.17 ug/g astaxanthin. The extract
was incorporated into chitosan films at a ratio of 1:20 (v/v) to produce an active biodegradable film.
Pork stored at 4°C with the active film exhibited lower lipid oxidation and reduced microbial growth
compared with the negative control. The film extended the time required to reach the microbiological
spoilage threshold by approximately three days. These findings demonstrate the potential of shrimp-shell-
derived astaxanthin for active biodegradable food-packaging applications.

Keywords: astaxanthin, shrimp shells, DES—ethanol, microwave-assisted extraction, chitosan film, pork
preservation.
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1. Pit van dé

V6 tom 1a phu pham giau Astaxanthin, mot carotenoid c6 hoat tinh chdng oxy héa cao va nhiéu tiém
ning ing dung trong thyc phim'. Gan day, hé dong dung moi DES-ethanol véi ty 1& 55:45 di duoc
chting minh cé kha ning nang cao hiéu suat thu hdi Astaxanthin tir vé tom2 So vdi cac phuwong phap
truyén thng, trich ly hd trg bang vi song (MAE) ndi 1én nhu mét giai phap wu viét nho kha ning gia
nhiét thé tich nhanh chéng, gitp rit ngan thdi gian va bao vé ciu tric hoat chat nhay cam vai nhiét. Bén
canh do, viéc bd sung cac hop chit chéng oxy hoa ty nhién vao mang chitosan la hudng tiép can tiém
ning nham kéo dai thoi gian bao quan thuc pham?®. Do d6, nghién ciru ndy nhiam t6i wu héa qua trinh
trich ly Astaxanthin tir v tdm béang vi song sir dung hé déng dung méi DES-ethanol (55:45) va tng
dung dich chiét thu duoc trong ché tao mang chitosan bao quan thit heo.

2. Nguyén liéu va phwong phap nghién ctru

2.1. Nguyén liéu

Vo6 tom su duge cung cip tir Cong ty CO phan Thuy dic san Seaspimex, duoc van chuyén lanh vé
phong thi nghiém. Tai day, vo tom duoc rira sach va siy déi luu ¢ 50°C dén do 4m dudi 10%. Sau do, vo
tom da sy dugc nghién va riy qua rdy ®1mm. Phan qua riy duoc dinh lugng thanh cac phan 30 gram,
dong goi chan khong trong tii PA kho sach va bao quan 4°C dé 1am nguyén liéu trong sudt qua trinh
nghién ciru. Bén canh d6, thit heo ba chi tuoi ding trong bao quan dugc mua tir Cong ty Co phan chin
nuoi C.P. Viét Nam. Ngoai ra, chat chudn Astaxanthin 99,5% (Merck) va cac hoa chit khac dat yéu cau
co ban cua hoa chit dung trong phan tich.

2.2. Phwong phap nghién ciru

2.2.1. Téi wu héa qud trinh trich ly astaxanthin tir vé tém

Qua trinh t6i uvu hoa bang thiét ké Box-Behnken v6i 3 bién doc 1ap bao gdm: Cong suit vi song (W),
thoi gian vi song (gidy) va thoi gian lac (phit). Két qua thi nghiém dugc thé hién qua Bang 1. Ham muc
tiéu cua thi nghiém la ham lugng Astaxanthin (ug/g nguyén li¢u). Bt vo tom dugc dinh lugng 1,00g
cho vao binh tam giac c6 chira 20mL hé dong dung méi DES-Ethanol (55:45). Hon hop duoc xtt 1y vi
song tai cong sudt va thoi gian vi séng khao sat. Hon hop sau vi song dugc lic on nhiét tai 40°C ¢ toc
dd 150 vong/phut. Cac yéu té khac duoc gitr ¢b dinh. Hon hop sau trich ly duoc ly tim 5000 vong/phut
trong 15 phut, loc qua mang PTEE 0,22 um. Dich loc tiép tuc dugc phan tach 1ong - 16ng véi chloroform
va do d6 hap thu bang quang phd UV-Vis & 492 nm dé dinh luong Astaxanthin. (Bang 1)

Bang 1. B6 tri va két qua toi wu héa qua trinh trich ly Astaxanthin tir v tdom bang ethanol vi
song véi DES:Ethanol (55:45)

Gi4 trj bién thwe Gié trj bién m héa Y
STT |céng suét vi| Thei gian vi | Thoi gian « « « v
soéng (W) song (giay) | lac (phut) ¢ 2 g
1 220 50 20 1 1 0 43.15
2 440 50 20 1 1 0 41.43
3 220 70 20 A 1 0 42.47
4 440 70 20 1 1 0 43.03
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5 220 60 15 -1 0 -1 42.47
6 440 60 15 1 0 -1 41.71
7 220 60 25 -1 0 1 44.52
8 440 60 25 1 0 1 42.75
9 330 50 15 0 -1 -1 42.36
10 330 70 15 0 1 -1 41.33
11 330 50 25 0 -1 1 43.91
12 330 70 25 0 1 1 44.21
13 330 60 20 0 0 0 44.30
14 330 60 20 0 0 0 44 .25
15 330 60 20 0 0 0 43.60

2.2.2. Chudn bi mang

Mang chitosan dugc chuén bi theo phwong phap ciia Zhou va cong sy voi mot sé diéu chinh cho phu
hop®. Dung dich chitosan 2% (w/v) dugc chuin bi trong acid acetic 1%, khudy 24 gio. Dbi voi mang
phéi tron, glycerol duge bd sung véi ty 1é glycerol:chitosan 1a 1:5 (w/w). Vi mang Gng dung, dich trich
Astaxanthin dugc bd sung truc tiép vao dung dich nén véi cac ty 18 khao sat. Hon hop duoc khudy dong
nhat trong 24 gid, khir bot, dong 40 mL vao dia Petri (® 9 cm) va say kho & nhiét d6 phong trong ti hiit
dén khi tao mang ddng déu.

2.2.3. Thur nghiém bao quan thijt

Cac mau thit dugc dit trong cac hop nhya vo trung va bao quan & 4°C. Miu déi ching 4am (miu
khong mang) khong dugce pha mang. Mau ddi chirng dwong (mau Ch-Gly) duoc phu kin miéng hop bang
mang chitosan-glycerol khong chira dich chiét Astaxanthin. Miu mang sinh hoc (miu Ch-Gly-Ast) chtra
dich chiét Astaxanthin véi ty 1& phdi tron 1:20 (v/v) duoc lua chon dua trén céc khao sat so bd. Cac mau
duoc theo ddi trong 12 ngay va danh gia cac chi tiéu pH, tong sé vi sinh vét hiéu khi (TVC) va chi sb
TBARS theo thoi gian bao quan.

2.3. Phwong phdp phdn tich

Ham luong Astaxanthin trong dich chiét duoc xac dinh bang phuong phap quang phd hip thu tai
budc song 492 nm theo Ewen Mclean va Aqua cognoscent®.

Déi vé6i thir nghiém bao quan thit, gia tri pH cua thit dugc do bang may do pH k¥ thuat sb (SI
ANALYTICS LAB 855) sau khi dong nhit miu véi nudc cit theo ty 18 1:5 (Hultmann va cong su).
Trong khi d6, chi sb TBARS (mg MDA/kg) dugc xac dinh theo Grotta va cong su® vdi mot s hiéu
chinh: 5,00 g mau dugec trich ly trong 10 mL dung dich TCA 7,5%, dich loc duoc phan ung véi TBA
0,02 M (ty 1& 1:1 v/v) & 90°C trong 40 phut, lam lanh nhanh va do d hap thu quang tai 532 nm (Jenway
7305) dua trén dudng chuan TEP. Bén canh d6, tong s vi sinh vat hiéu khi (TVC) duoc dinh luong theo
TCVN 11039-1:2015".

2.4. Phwong phdp xir Iy 5o liéu
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Trong nghién ctru nay, mdi thi nghiém duoc tién hanh 13p lai 3 1an, két qua dugc trinh bay & dang
gia tri trung binh £ d6 1éch chuan. Két qua duoc tinh toan bang phan mém Microsoft Office Excel va
Minitab.

3. Két qua va ban luén

3.1. Téi wu héa qud trinh trich ly Astaxanthin bing vi séng két hop dong dung méi DES-Ethanol
(55:45)

Két qua phén tich phuong sai cho thdy, mé hinh hoi quy Box-Behnken c6 y nghia thong ké (p < 0,05)
va tyong thich tt voi thyc nghiém do hé sé Lack-of-Fit khong c6 ¥ nghia (p = 0,371 > 0,05) (Bang 2).
Trong cac yéu t6 khao sat, cong suat vi song (X;) va thoi gian lic sau vi song (X3) anh huong dang ké
dén ham luong astaxanthin & bac nhit (p < 0,05), trong khi cic thanh phan béc hai ciia cong suit vi song
(X42) va thoi gian vi song (X,2) ciing ¢6 y nghia théng ké (p < 0,05). Nguoc lai, cic tuong tac giita cac
yéu t6 khong c6 ¥ nghia (p > 0,05).

Céc hé s6 am ciia X2 va X2 cho thay, khi vuot qua ngudng t6i wu, cong suat va thoi gian vi song sé
lam giam hiéu suét thu hoi astaxanthin. Trong khi d6, thoi gian lic (X3) c6 anh hudng tuyén tinh duong
manh nhét (p =0,001), cho théy ham luong astaxanthin tiép tuc ting trong pham vi khdo sat ma chua
xuét hién diém cuc dai.

Diéu kién téi wu dugce xac dinh gdm cong suét vi song 330 W, thoi gian vi song 60 s va thoi gian lac
25 phut. Tai diéu kién nay, mé hinh dy doan ham lugng astaxanthin dat 44,60 pg/g, trong khi gia tri
thuc nghiém thu dugc 14 44,64 + 0,17 pg/g, vai sai léch chi 0,09%. Két qua nay khang dinh d¢ tin cay
va kha nang dy doan cao cia mo hinh.

So voi cac phuong phap truyén thong nhu ngam dam (24 gio), Soxhlet (16 gid) hoic UAE-
DES:Ethanol (33 phiit), phuong phap vi séng hd tr trich ly (MAE) chi can 60 gidy nhung van dat ham
lugng astaxanthin cao (44,64 pg/g). Hiéu qua nay duogc giai thich boi kha nang hip thu niang luong vi
song manh cta hé dung moi DES-ethanol, tao ra qua trinh gia nhiét thé tich nhanh, pha v& ciu trac té
bdo va thiic ddy qua trinh chuyén khdi astaxanthin vao dung méi trude khi xay ra phan hity nhiét dang
ké. (Bang 2)

Bing 2. Két qua phan tich phwong sai ciia mé hinh hdi quy

Source DF Seq SS Adj SS Adj MS F P
Regression 7 14.3727 14.3727 2.05324 7.98 0.007
Linear 3 8.7753 8.7753 2.92511 11.37 0.004
X1 1 1.702 1.702 1.70201 6.61 0.037
X2 1 0.0045 0.0045 0.00451 0.02 0.898
X3 1 7.0688 7.0688 7.0688 27.46 0.001
Square 3 4.2977 4.2977 1.43258 5.57 0.029
X1+X1 1 1.9983 2.4225 2.42252 9.41 0.018
X24X2 1 1.7733 1.9141 1.91409 7.44 0.029
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X3%X3 1 0.5262 0.5262 0.52618 2.04 0.196
Interaction 1 1.2996 1.2996 1.2996 5.05 0.059
X1%X2 1 1.2996 1.2996 1.2996 5.05 0.059
Residual Error 7 1.8016 1.8016 0.25738
Lack-of-Fit 5 1.4966 1.4966 0.29933 1.96 0.371
Pure Error 2 0.305 0.305 0.1525
Total 14 16.1743

3.2. Ddnh gid hi¢u qud bdo qudn thit heo ciia ché pham khi két hop véi mang chitosan

Trong qua trinh bao quan & 4°C, gia tri pH, TBARS va tdng s vi sinh vat hiéu khi (TVC) cua tat
ci cac mau déu ting theo thoi gian, phan anh sy suy giam chat luong thit (Bang 3). So v&i mau khong
pht mang, ca mang Ch-Gly va Ch-Gly-Ast déu lam chdm qué trinh hu hong. Dic biét, chi s6 TBARS
ciia mau Ch-Gly-Ast & ngay tht 12 thip hon mau Ch-Gly (0,84 so v&i 0,94 mg MDA/kg), cho thay
astaxanthin van duy tri hoat tinh chdng oxy héa sau khi duoc tich hop vao mang. (Bang 3)

Bing 3. Két qua do céc chi tiéu qua thoi gian bio quin

Theoi gian bao quan & 4°C (ngay)
Chi tiéu Mau
0 3 6 9 12
Mau khéng mang 5,69+0,01° [6,09+0,012 |6,40+0,022 |6,88 0,022
pH Mau Ch-Gly 5,54 +0,01 |5,62+0,02° [594+0,03° [6,10+0,02° [6,46+0,03°
Mau Ch-Gly-Ast 5,69+0,01° [589+0,03° |6,05+0,02° [6,42+0,01°
M&u khéng mang 0,46 + 0,012 |0,85+0,0022 [1,24 +0,05° |1,59 + 0,032
2:9?; Mau Ch-Gly 0,18 +0,01 |0,35+0,03* [0,55+0,037° |0,74+0,03* [0,94 +0,02°
M&u Ch-Gly-Ast 0,32 +0,02° [0,50 £ 0,002°> |0,64 +0,04*> |0,84 +0,05°
Mau khéng mang 5,73+0,11* |7,65+0,13° |8,88+0,13% |9,57 +0,192
TVC
(log M&u Ch-Gly 4,15+0,05 |5,14+0,11* |6,55+0,16° |7,57+0,11® [8,26+0,11°
CFU/g) -
Mau Ch-Gly-Ast 4,94 +0,11° |6,24+0,12° 7,27 +0,06° |7,86 +0,43°

Hiéu qua nay lién quan dén cau trac polyene lién hop cung cac nhom hydroxyl va keton cua
astaxanthin, cho phép hop chat nay bt giit gc tu do va wrc ché qua trinh oxy hoéa lipid. Tuy nhién, mirc
cai thién chua thuc sy 16n do astaxanthin c6 thé bi gitr lai trong mang ludi polymer chitosan-glycerol,
lam giam tdc d6 khuéch tan va giai phong hoat chat 1én bé mat thit. Hién tugng nay twong tu co ché giai
phong cham da dugc Zhou va céng su * ghi nhin ddi voi cac mang sinh hoc nén chitosan.
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Déi v6i chi tiéu vi sinh, mau Ch-Gly-Ast ¢6 gia tri TVC thp hon miu Ch-Gly tai ngay bao quéan thir
6 va 9, ddng thoi kéo dai thoi gian dat ngudng hu hong vi sinh (7 log CFU/g) tir khoang 6 ngay 1én 9
ngay. Mic du hiéu qua khang khuan va kiém soat pH con han ché, c6 thé do ham lugng astaxanthin bd
sung chua du cao, két qua van cho thiy tiém ning tng dung cua dich chiét astaxanthin nhu mot chit
chéng oxy héa tu nhién trong vat liéu bao goéi thuc phdm hoat tinhm

4. Két luan

Diéu kién trich ly t6i uu gom 330 W, 60 s va 25 phut, cho ham lugng Astaxanthin dat 44,64 + 0,17
ung/g. Mang chitosan chira dich chiét ¢ ty 18 1:20 giup giam oxy hoa lipid, e ché sy phat trién vi sinh
vat va kéo dai thoi gian bdo quan thit heo tir 6 1én 9 ngay & 4°C.

Léi cam on: Nghién ciru nay do Truwong Pai hoc Cong Thwong Thanh phé Ho Chi Minh bdo tro va
cdp kinh phi theo Hop dong so 69/HP-DCT ngay 17/01/2025.
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