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TOM TAT

Vo6 tdm st Penaeus monodon thuong duoc loai bo trong qua trinh ché bién tém. Pay 1a mot loai
phu pham chiém ty 18 16n trong nganh cong nghiép ché bién thuy san, dac biét 1a tdm st - mot loai tém
duoc nudi phd bién ¢ Viét Nam. Vo tdm st chta lipid va astaxanthin. Tuy nhién, viéc chiét xuat lipid
va astaxanthin tir vo tdm rat khé khan do ciu tric thanh té bao cing va phuc tap. Nghién ciu nay da
khao sat viéc st dung hé dung méi eutectic sdu (Deep eutectic solvent (DES)) dé trich ly lipid va
astaxanthin tir vo tdm su. Dung moi DES, chua choline chloride (ChCl) va acid citric (CA) d& duoc thir
nghiém va so sanh hiéu qua trich ly lipid va astaxanthin véi cac dung méi truyén thong (hexane va
ethanol). Két qua cho thiy hiéu qua trich ly dau va astaxanthin tir DES thip hon so véi dung mdi truyén
thdng, nhung khi thém ethanol vao DES lam ddng dung méi, hiéu suit chiét xuat da duoc cai thién dang
ké. Khi két hop ChCI/CA véi 45% ethanol da dat dwoc ndng do lipid cao nhat (5,71g/100g) va
astaxanthin (34,15ug/g), cao hon so vai ethanol (5,12g/100g va 31,569/g) va hexane (5,62¢9/100g va
33,47ug/g). Céc chiét xuat tir tdm giau acid béo khéng bao hoa da (nhu acid linoleic, a-linolenic, EPA
va DHA) va astaxanthin véi kha nang chéng oxy héa manh.

T khéa: Penaeus monodon, vo tdm, dung méi eutectic sau, astaxanthin, acid béo, hoat tinh chdng oxy hoa.
1. MO PAU

Nganh ché bién tom dbng vai tro quan trong trong nén kinh té Viét Nam, véi san luwgng tom nude
lo nam 2022 dat khoang 1.080,6 nghin tin, bao gdm 271,4 nghin tan tom st va 743,5 nghin tin tom thé
chan tring [1, 2]. Tuy nhién, qua trinh ché bién tém d4 tao ra mot lugng 1on phu pham nhu dau va vo
tom. Mic di nhimg phu phiam nay khong dugc sir dung truc tiép trong ché bién thuc phdm, chung lai
1a ngudn chira nhiéu dudng chét quy gia, bao gdm protein, lipid, khoang chét va cac hop chét sinh hoc
nhu chitin va astaxanthin (AXT). Hién nay, phan 16n phu phim nay dwoc tan dung lam thirc an chan
nudi hodc ché bién thanh nguyén liéu hd tro nudi trong thity san [1]. Pac biét, lipid — mot san pham ¢
gi4 tri tir phu phdm — rat giau cac acid béo khdng bao hoa da (Polyunsaturated fatty acid (PUFA)) nhu
Eicosapentaenoic acid (EPA) va Docosahexaenoic acid (DHA), ciing véi astaxanthin, mot hop chit co
dic tinh chbéng oxy hoa va chdng viém manh [3 - 5]. Nhiing loi ich strc khoe vuot trdi cua cac hop chit
nay khién viéc tan dung phu phim dé thu hdi lipid va astaxanthin tré thanh mét hudng di ddy tiém nang,
khong chi trong nganh thuc phdm va dwoc phdm ma con gop phan giam thiéu tac dong méi trudng.

Phuong phap chiét xuat Soxhlet hodc ngam thiam thau sir dung dung méi hitu co 1a mot phuong
phap dugc sir dung phd bién vi hiéu qua trich ly ctia dung méi khé cao [6]. Tuy nhién, dung méi hitu co
dé chay, n6 va cé doc tinh, dic biét khi trich ly ¢ nhiét d6 cao va thoi gian trich ly dai [6]. Ngay nay
nhiéu phuong phap trich ly dwoc dé xuat dé rat ngan thoi gian trich ly va ting hiéu qua trich nhu trich
ly bang CO; siéu t6i han hodc co enzyme hd trg [7, 8]. Tuy nhién cac phuong phap nay doi hoi thiét bi
chuyén dung dét do [7] va thuong tén kém hon so véi cac phuong phép truyen thdng [8]. Dé giai quyét
nhitng van dé nay, dung moi eutectic sau (deep eutectic solvent (DES)) da xudt hién nhu mot lya chon
thay thé, giiip nang cao hiéu qua chiét xudt cac hop chét ¢ hoat tinh sinh hoc [9, 10]. DES thudng dugc
hinh thanh bang cach két hop chét nhan lién két hydro (hydrogen bond acceptor (HBA)) nhu mudi
amoni hodc phospho vé6i chét cho lién két hydro (hydrogen bond donor (HBD)) nhu amide, amine,
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alcohol, hodc acid carboxylic [9, 10]. Cac nghién ciru gan day d4 sir dung DES dé chiét xuét lipid va
astaxanthin, két qua cho thay DES c6 kha ning pha v& thanh té bao (cellulose, chitin va protein) lam
tang dang ké hiéu suét chiét xuat so v6i cac dung moi truyén thong [4, 11]. Tuy nhién, DES khé bay
hoi gay kho khan trong viéc thu hoi va tai sir dung ca lipid va dung moi [4]. Do d6 dé ting higu qua
trich ly, Santos va cong su da sir dung ethanol két hop DES lam ddng dung méi trich ly va hiéu suat
trich ly astaxanthin tir vo tom ting 43,1% so trich ly bang con thong thuong [4]. Mic du DES d4 cho
thdy tiém niang dang ké, van chua c6 nhiéu nghién ciru tap trung vao viéc sir dung két hop DES véi
ethanol dé chiét xuat dong thoi ca lipid va astaxanthin tir vo giap xac. Cac nghién ciru trudce dy chi tién
hanh chiét xuat riéng 1¢ astaxanthin hodc lipid. Vi vy, nghién ctru nay khao sat anh huong ctia DES két
hop véi ethanol dén hi¢u qua chiét xuét lipid va astaxanthin tir vo tom su (Penaeus monodon) va déanh
gia dic tinh chdng oxy hoéa.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit ligu

V6 t6m st (Penaeus monodon) dugc cung cap béi Cong ty Minh Phd, Ca Mau, Viét Nam. Phu
pham nay duoc rira sach bang nudc va say khd ¢ 60°C trong tu siy chan khong (Tecnal, Piracicaba,
Brazil) dén d6 am dudi 10%. Sau khi sdy, vé tém dugc nghién thanh bot min va ray qua ray kich thudc
125 um, phan qua ray dwoc bao quan trong tli nhya. Cac hda chat duoc sir dung trong thi nghiém nhu
ethanol (99,9%), acid hydrochloric (99%), va natri hydroxide (>95%) dwoc mua tir Synth (Sao Paulo,
Brazil). Trong khi d6, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonate) (ABTS) (98%), 1,1-Diphenyl-
2-picryl-hydrazyl (DPPH) (>98%), choline chloride (>99%), astaxanthin (99,5%) va acid citric (99,5%)
duogc cung cap boi Sigma-Aldrich (Saint Louis, MO, USA).

2.2. Phwong phap nghién ciru
2.2.1. Trich ly astaxanthin va lipid bang dung méi DES

Dung méi DES c6 chira choline chloride (ChCI) va acid citric (CA) vai céc ty 1€ mol khac nhau
(1:1, 1:2 va 1:3) duoc tao thanh bang cach dun néng hdn hop & 60 °C. Sau d6, nude duoc thém vao hdn
hop (5-25% V/v) va khudy déu cho dén khi tao thanh dung dich trong suét roi dé yén trong 24 gio trude
khi sir dung. Dé trich ly astaxanthin va lipid tir vo tdm, 10 gram bot vo tdm qua ray dugc cho vao binh tam
giéc co chira 200 mL DES. Céc binh dugc lic va u ¢ 60 °C trong 240 phut [3]. Hn hop sau d6 duoc ly
tam & 6.000 vong/phdt trong 5 phit. Phan ba dwoc rira hai lan bang nudc cat va say khd ¢ 100 °C trude
khi phan tich SEM va FTIR. Trong khi d6, dé xac dinh ham Iuong lipid c6 trong dich DES da trich ly
duoc, 200 mL n- hexane dugc thém vao phan dich trich va khudy trong 1 gid. Sau d6, hdn hop duoc ly
tdm & 6.000 vong/phdt trong 10 phdt. Phan ndi 1én trén duoc thu nhan bang cach gan c6 chua lipid,
astaxanthin va hexane. Dung méi hexane sau d6 dugc bay hoi trong thiét bi ¢6 quay chan khong (Buchi
Rotavapor R-200, Essen, Dic) ¢ &p suit 450 — 550 mmHg & nhiét d6 40 °C dé thu nhan han hop lipid giau
astaxanthin, Ham luong lipid dwoc tinh dya vao khéi lwong lipid chiét xuét (g) so véi khdi lwong nguyén
liéu thd (g). Céc thi nghiém ddi ching duoc thuc hién véi ethanol tuyét ddi hoac n — hexane.

2.2.2. Trich ly astaxanthin va lipid bang ethanol két hop véi DES

DES dugc tao thanh béi ChCl va CA ¢ ti 1€ mol phu hgp dugc lya chon tir thi nghiém ¢ trén dugc
tién hanh bd sung ethanol vai céc ti 1& khac khac (5, 25, 45 va 65% v/v) dé tao thanh hdn hop
DES/ethanol. Sau d6, qua trinh trich ly astaxanthin va lipid bang ethanol két hop DES, cé4c thi nghiém
dbi chung ciing duoc tién hanh tuong tu nhu thi nghiém trich ly astaxanthin va lipid bang dung méi
DES bén trén.

2.2.3. Xac dinh ham luwong astaxanthin

Ham luong astaxanthin dugc phan tich bang séc ky long hiéu ning cao (HPLC) véi diu do SPD-10AV
va cot Shimpack CLC-ODS (M) C18 [12]. Pha dong, bao gom dichloromethane, acetonitrile va methanol
Véi ty 16 80:15:5, téc do dong 1.0 mL/phat, do d6 hap thu & 450 nm. Pudng chuén astaxanthin duoc thiét
lap véi cac ndng do tir 0,05 dén 30 ug/mL. Mau duoc loc qua mang loc 0,22 pm truée khi phan tich.

2.2.4. X&c dinh chi s¢ hoa Iy va thanh phan acid béo cua dau
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Céc chi s6 héa ly cua lipid dugc xac dinh theo American Oil Chemists' Society (AOCS) véi chi s6
acid (phuong phép Te 1a - 64) [13], chi s6 peroxide (phuong phap Cb 8d — 90) [14] va chi s6 anisidine va
oxi hoa tong s6 (phuong phap Cd 18-90) [15]. Thanh phan acid béo dugc phan tich bang GC-FID (Agilent
7890C, UK) theo phuong phap cta Phan va cong su [16].

2.2.5. Pdnh gia hogt tinh khang oxy hoa

Trong nghién ctiru ndy, kha nang khéng oxi hoa caa chiét xuat tir phé pham tém dwoc danh gia qua
ba phuong phép: ABTS, DPPH, va khir sit (FRAP). Hoat tinh ABTS duoc xac dinh theo phuong phép
cua Tran va cong su [17]. Hoat tinh DPPH duoc xac dinh theo phuong phap caa Engeda Dessalegn va
cong sy [18]. Hoat tinh FRAP thyc hién dya trén phan ung ciia KsFe(CN)s véi chat khang oxy hda dé
tao phirc KsFe(CN)s, tiép tuc phan tng véi FeCls tao KFe[Fe(CN)s]. Phuong phép nay dugc md ta boi
Jones va cong su [19].

2.2.6. Pdnh gid hinh thai bé mat va cau trdc cua vt liéu

Hinh thai bé mat cua bot vo tom, truéc va sau khi xir Iy, dugc quan sat bang kinh hién vi dién tix
quét (SEM). Mau dugc xtr ly va ma bang mot Iép vang méng va sau d6 chup anh bang kinh hién vi dién
ta XL 30 ESEM FEG ¢ dién &p 15 kV vai d6 phong dai 7.000 lan.

Phan tich FTIR dwoc thuc hién biang may quang phé Nicolet 6700 cua hang Thermo Fisher
Scientific, Massachusetts, Hoa Ky. May dugc cai dat 32 lan quét véi do phan giai 4 cm™, pham vi quang
phé dung d@é phan tich cau tric phan tir ciia cac hgp chat nam trong khoang tir 4000 dén 500 cm™.

2.2.7. Phurong phdp xit Iy s6 liéu

Phan tich théng ké trong thiét ké thi nghiém duoc thuc hign bang phan mém SPSS phién ban 25. Tat
ca cac phép do dugc thuc hién ba lan va dugc xir ly thong ké vai mic y nghia p < 0,05.

3. KET QUA VA THAO LUAN

3.1. Anh hwéng cia ty 18 acid citric trong DES va lwong nwéc béd sung dén hiéu qua trich ly lipid
va astaxanthin

Nghién ctu dénh gia hiéu qua trich ly lipid va astaxanthin (AXT) tir bot vo tém bang dung moi
DES (ChCI/CA), hexane va ethanol. Két qua cho thay hexane cho hiéu qua cao nhat (5,62 g/100 g lipid
va 33,47 ug AXT /g), tiép theo Ia ethanol (5,12 g/100 g lipid va 37,56 pg AXT /g). Két qua twong ddng
véi nghién ctiru cua Xie va cong su trén Euphausia superba [20]. Trong khi dd, khi sir dung dung moi
DES, ham luogng lipid va AXT dao d6ng tir 2,31-3,20 g/100 g va 11,02-15,05 pg/g tuy thudc ty Ié
ChCI/CA va lugng nuéc.

Két qua Hinh 1A-B cho thay khi ting ham lwong CA trong dung dich DES (ChCI/CA), hiéu suit
thu hoi lipid va AXT tir vo tom ting cao va c6 sy khéc biét co v nghia so véi c4c mau & céc ty 18 con
lai (p < 0,05). Ham luong lipid va AXT dat cao nhat 1a 3,2 g/100g va 15,05 ug/g tai ChCI/CA (1:2).
Diéu nay co thé giai thich la do CA trong DES d thuc day qua trinh khtr khoang gidp lam mém vo tom
cai thién hiéu suat trich ly. Tuy nhién, khi tang ty 1¢ CA tir 1:2 dén 1:3, hiéu suét trich ly giam dang ké
(p < 0,05). Nguyén nhan c6 thé 1a do d6 nhét caa dung méi cao 1am can tré truyén nhiét va thAm nhap
vao té bao, trong tu véi két qua caa Tran va cong su [21]. Két qua nghién ctru ciing cho thdy ham luong
nudc trong dung moi DES anh huong déng ké dén hiéu qua trich ly lipid va AXT. Khi ty 1é CA ¢ dinh,
hiéu suét trich ly ting c6 su khac biét dang ké (p < 0,05) khi ham luong nudc trong DES tang tir 5% lén
15%. Viéc thém nudc gidp giam d6 nhot va cai thién truyén nhiét, phi hop vai nghién ctu caa Méria
Vilkova [22]. Tuy nhién, khi ham luong nudc bo sung dat 25%, hiéu suat giam khoang 1,2 1an. Nguyén
nhan c6 thé 1a ham luong nude tang lam mat can bang ion H+ va suy yéu tuong tac hydro, anh huong
dén kha nang hoa tan cac hop chit sinh hoc [21]. Vi vy, ham luong nuéc 15% dugc chon cho cac thi
nghiém tiép theo. Tuy nhién, trong nghién ciru nay, luong lipid va AXT trich ly bang DES thip hon so
vé6i hexane va ethanol, cho thdy DES kém hiéu qua hon trong viéc thim thiu vao té bao vé tdm. Céc
nghién ctu trude da chi ra rang két hop DES véi hexane hoic tetrahydrofuran co thé cai thién hiéu qua
chiét xuat lipid va két hop véi ethanol cho AXT. Sy két hop ddng dung méi gitp thay ddi d¢ hoa tan,
cai thién truyén nhiét va nang cao hiéu suit [11, 23] Tuy nhién, chua ¢ nghién ctu ndo vé viéc sir
dung ChCI/CA két hop ethanol dé chiét xuét lipid va AXT. Do d6, lya chon DES (ChCI/CA) két hop
ethanol, mot dung mai hitu co xanh, 1a can thiét dé can bang hiéu qua chiét xuat va tiéu chi an toan.
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Hinh 1. Anh huéng cua (A) 1ty I€ acid citric (CA) trong dung mdi DES (Ch/CA); (B) ham lugng nudc trong dung
mdi DES; (C) ham lwong cdn b sung vao DES lam ddng dung méi dén hiéu suit trich ly dau va astaxanthin tir
v6 tom (M: Ham luong Astaxanthin (ug/g), ™ : ham lwong dau (g/100g))

3.2. Anh hwéng cia DES két hep ethanol dén hiéu qua trich ly lipid va AXT

Nghién ctu duoc thuc hién dé danh gia hiéu qua cua qua trinh trich ly lipid va AXT tir bot vo tdm
bang cach st dung dong dung méi ChCI/CA két hop véi ethanol so véi cac dung méi hitu co truyén
thong (hexane va ethanol). Két qua & Hinh 1C cho thay dung méi DES (ChCI/CA) khéng chira ethanol
c6 hiéu suat thap (3,20 g lipid/100g, 14,95 ug AXT/g), nhung khi bd sung ethanol (5-65%), hiéu suat
tang dang ké (p<0,05). Ty Ié cao nhét dat 5,71 g lipid/100 g va 34,15 pg AXT/g vé6i hdn hop chira 45%
ethanol, cao hon hexane 1,1 lan va ethanol 1,15 lan. Sy khac biét trong hiéu suat trich ly lipid va AXT
trong nghién ctu ndy c6 thé do ChCI/CA phé v thanh té bao, gitp ethanol tham nhap tét hon cho qué
trinh chiét xuat, nhu duoc hd trg baoi két qua SEM (Hinh 2) va FTIR (Hinh 3).

Két qua SEM & Hinh 2A cho thiy vo tdm chua xt Iy ¢6 bé mat tron bong, it vi 15, trong khi vo
tom xur ly bang ethanol va hexane c6 xuét hién vi 15 nhung khéng nhiéu (Hinh 2B-C). Sir dung dung
moi ChCI/AC két hop ethanol 1am bé mit té bao vo tdm thay doi dang ké, xuat hién nhiéu vi 15 va mot
s6 bj v (Hinh 2D-H). Két qua cho thay viéc xtr Iy bot tdm bang ChCI-AC dan dén sy x6i mon tang trén
té bao tém, tuong tu cac béo cao cua Wang va cong su [24], Tran va cong su [21]. Tuy nhién, viéc két
hop ethanol (45-65%) trong ChCI/AC cao lam giam tinh 6n dinh caa dung méi DES dan dén giam sy
hu hai ciia bé mit té bao vo tdm (Hinh 2H). Két qua la higu suat chiét xuat cac hop chat nhu AXT va
lipid c6 thé bi giam. Phan tich FTIR (Hinh 3) cho thay céac dinh hap thu cia b vo tém thay doi tly
thudc vao dung méi chiét xuat dugc sir dung. Dinh hap thu tai 874 cm™ trong nguyén liéu bot vo tdm
giam nhe khi chiét xuit bing hexane va ethanol, va giam dang ké khi chiét xuét bang Ch-AC két hop
ethanol, dic biét & ham lwong ethanol tir 25 dén 45%. Sy giam nay c6 thé lién quan dén viéc loai bo cac
mudi khoang nhu CaCO:s khoi té bao tém, nhu d dwoc dé cap trong cac nghién cuu trudce day [21, 24].
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Hon nita, cac dinh hap thy manh giira 1331-1550 cm™ xuét hién trong ba tdm duoc xir ly bang ChCI/AC
két hop ethanol hozc ethanol, cho thay su loai bo thanh cong protein khoi té bao tom. Wang va cong su
d4 nhan manh rang su hién dién caa H* tu do trong DES ¢6 AC ddng vai trd quan trong trong viéc khir
khoéng va pha vé lién két chitin, gilp tang hiéu suat tach chiét [24]. Tuy nhién, sy c6 mat cia acid citric
rong DES c6 thé lam giam pH cua dung dich chiét, anh huong dén d6 6n dinh cua astaxanthin va hiéu
suat tach chiét [4]. Bén canh do, su hién dién cua lipid cd thé dan dén hién twong phan I6p hoic tao nhii
tuong, gay kho khin trong qué trinh chiét xuat va tinh sach AXT [23]. Mic du vai trd cia acid citric
trong DES da duoc ghi nhan trong viéc hd tro phéa v ciu tridc té bao, tac dong cu thé cia né ciing nhur
DES d6i vai hiéu suat trich ly lipid va AXT tir v tdm van chua dugc nghién ciru va danh gia toan dién.

A) . ® [ © (SR | (D)

FINE 3 AN ‘ by s 494 Ny ~
©® [ | () (WA | ) Eadead | (1) B
S LA 5 ) b, A% th % oy - ol 7 s
AT ( &Y o e PP & P, - 7
] ' t . s
g “ Ly o : “ ] e
(F0es 1o Sl TP OB M 8 o i S - £
| y ey . 7 Y
A YRR A | el tiay S Tt ol
i$ f‘ 0 - e o 4
\ ! v M ¥ \ A ;- Fahe 4
: ¢ / / SO eyt R T RS e Wi @
e A e v M CH - e R oy o A

Hinh 2. Anh chup SEM (x7000) cia mu vo tdm nguyén ligu (A) va cac mau vo tdm dé duoc xir Iy voi ethanol
(B), hexan (C), DES véi hon hgp ethanol cé ty 1€ O, 5, 25, 45 va 65% (D-H)

p_Su. et
"
pe S oAy
~\ ~
s | |
= |
z |
g I
<O
|
o
- N/
——e—— Ch/CA-65% ethanol ——e—— Ch/CA-45% ethanol Ch/CA-25% ethanol
Ch/CA-5% ethanol Ch/CA-0% ethanol Hexane
Ethanol —— B{t vo tom
500 1000 1500 2000 2500 3000 3500 4000

S6 song (cmt)
Hinh 3. Phé FTIR ctia mu vé tdm nguyén liéu va cac mau vo tdm da dugc xir ly voi hexan, ethanol
va DES véi cac ty I¢ ethanol khac nhau (0-65%)

3.3. Chi tiéu ly h6a va thanh phan acid béo trong ché pham giau lipid tir vé tom

Chi s6 acid (AV), chi s6 peroxyde (PV) va chi sé anisidine 1a cac chi s6 quan trong danh gi chat
lugng cua cac san pham dau ma. PV va anisidine lan luot do mirc d6 oxy hoa so cap va thir cap cia chat
béo, 1a co s& dé xac dinh chi s oxi hoa tong sb ToTox (chi sé oxy hda tong s6 = 2 x chi s6 peroxyde + 1 x
chi sb anisidine); trong khi AV chi ra sy phan huay chat béo do qua trinh thuy phan, dan dén dau bj
0i. Gia tri AV dao dong tir 0,90 dén 0,92 mg KOH/g, gia tri peroxyde nam trong khoang tir 0,58 dén
0,61 meq O2/kg, chi sb anisidine dao dong tir 4,28 dén 4,36 meq/kg va chi s6 oxy héa tong sb tir 5,44 dén
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5,70 meg/kg nhu trinh bay trong Bang 1. Theo tiéu chuan qudc gia TCVN 13020:2020 [25], c4c gia tri
nay déu nam trong gi¢i han cho phép dau dung trong thuc pham. Mot s6 nghién ctu truéc day bao cao
rang san pham lipid tir tdm cd gia tri peroxyde va acid thap 1a nho s c6 mat caa AXT, mot chat chéng
oxy hoa manh [3, 6]. CAc téc gia nay ciing cho rang san pham lipid tir tom rat giau acid béo khéng bao hoa
da (PUFASs), 1a mot thanh phan bé sung cé gié tri cho ché do an udng lanh manh.

Bang 1. Chi tiéu Iy hoa va kha nang khang oxy héa cua cac ché pham lipid tir vo tém duoc chiét xuat bang hexan,
ethanol va ethanol két hgp ChCI/CA.

Nong Chi s& Chi sé Chi sé Chi sé
Dung do . peroxide | anisidine | oxy héa FRAP
moi | ethanol ?‘é'gé;”‘f (meq O/ | (meq/kg) | tongsé | ABTS (%) | DPPHOO) | (| imolrer/g)
%) Y1 kg (meg/ kg)

Choline 0 0,89+0,03 | 0,60+0,01 | 4,31%0,15 | 5,51+0,17 | 77,97°+1,34 | 72,14°+1,90 | 1256,92%+1,94
chloride- | 5 |0,89+0,02 | 0,63+0,02 | 4,32+0,21 | 5,58+0,25 | 83,32°+2,04 | 74,30°+0,95 | 1556,81°+2,02
(?l(t::ldc 25 0,90+0,01 | 0,63+0,02 | 4,33+0,18 | 5,59+0,14 | 87,32°+2,04 | 75,35+0,95 | 1689,15P+1,78
(chcl/ 45 0,92+0,02 | 0,66+0,01 | 4,35+0,26 | 5,67+0,24 | 90,242+2,15 | 83,192+1,41 | 1896,90%+2,03
CA) 65 |0,930,02 | 0,67+0,01 | 4,36+0,24 | 5,70+0,26 | 89,45%+1,66 | 80,15%+1,40 | 1609,94°+1,69
Hexane - 0,83+0,02 | 0,58+0,03 | 4,28+0,18 | 5,44+0,16 | 89,07%+1,34 | 80,11%+1,92 | 1694,21°+1,98
Ethanol - 0,90+0,02 | 0,63+0,02 | 4,29+0,16 | 5,55+0,12 | 90,222+1,04 | 82,35%+1,05 | 1848,31%+1,75
Trong méi cét, cac chir cai thirong khéc nhau di kém véi cac gia tri cho thdy si khac biés ¢é y nghia théng ké ¢
mzzc p<0,05.

Thanh phan acid béo cua ché pham giau lipid tir tdm dugc chiét xuat bang ChCI/CA két hop ethanol
(0-65%) hozc dung mdi hitu co (ethanol va hexane) duoc thé hién trong Bang 2. Céac acid béo chinh
duoc tim thay 1a acid linoleic, palmitic, stearic, va oleic va ciing véi lugng nho acid a-linolenic (ALA),
acid cis-11,14-eicosadienoic va acid cis-8,11,14-eicosatrienoic. Két qua ciing cho thay khi sir dung
cac dung moi khac nhau khéng lam thay ddi loai acid béo c6 mit trong ché pham giau lipid tir vo
tdm Penaeus monodon, nhung lai anh huang dén ham lugng caa ching. Ché pham chiét xuat bang
DES-ethanol hoic ethanol ¢ ham luong acid béo khong béo hoa don (MUFAs; 15,32 dén 17,76%) va
acid béo khong bdo hoa da (PUFAs; 53,09 dén 55,10%) cao hon so vai ché pham chiét xuat bang hexane
(MUFAs: 15,32% va PUFAs: 52,28%) va ethanol (MUFASs: 16,36% va PUFASs: 53,46%).

Bang 2. Thanh phén acid béo (%) ciia céc ché pham lipid tir tm duoc chiét xuét bang hexan,
ethanol va ethanol két hop ChCI/CA

ChCI/CA-0%|ChCI/CA-5%| ChCI/CA- | ChCI/CA- | ChCI/CA-

Thanh phin acid béo Hexane Ethanol

ethanol ethanol | 25% ethanol [45% ethanol|65% ethanol
Palmitic acid 18,90%+0,22|17,69*+0,20 | 17,92%+0,28 | 17,70°+0,20 | 17,75%+0,25 |16,11°+0,30|16,09°+0,30
Stearic acid 13,52%+0,14|12,49°+0,16 | 13,58*+0,29 | 12,55%+0,21 | 12,47%+0,15 |11,01%+0,24(11,51%°+0,21
Oleic acid 15,30°+0,50(16,36%°+0,64] 15,32°+0,19 | 16,20*+0,50 |16,19%°+0,30| 17,76%+0,55 | 17,20°+0,43
Linoleic acid 21,60°+0,30[22,50%°+0,41| 21,55%+0,30 | 22,51%+0,57 | 22,56%°+0,40| 23,37%+0,40 | 23,48°+0,30

a-Linolenic acid (ALA) 1,82°+0,01 | 2,00%+0,04 | 2,05+0,03 | 2,06°+0,03 | 2,08°+0,04 | 2,15*+0,03 | 2,22°+0,02
Cis-11,14-Eicosadienoic acid | 2,70+0,01 | 2,70+0,02 | 2,81+0,03 2,73+0,02 | 2,70+0,04 | 2,77+0,03 | 2,70+0,04
cis-8,11, 14-Eicosatrienoic
acid

cis-5,8,11,14,17-
Eicosapentaenoic (EPA)
cis-4,7,10,13,16,19-
Docosahexaenoic acid 9,92+0,04 | 10,06+0,4 | 9,55+0,06 | 10,03+0,03 | 10,01+0,08 | 10,25+0,03 | 10,30+0,06
(DHA)

Trong méi hang, cac chit cdi thirong khdc nhau di kém véi c&c gia tri cho thdy su khac biéz ¢6 y nghia théng ké ¢
muc p<0,05.

5,42+0,05 | 550+0,05 | 553+£0,04 | 5,60£0,04 | 5,49+0,03 | 5,74+0,06 | 5,60+0,05

10,8+0,02 |10,70+0,03 | 11.60+0,10 | 10,62+0,02 | 10,75+0,07 | 10,75+0,06 | 10,83+0,11

Ngoai ra, lugng acid eicosapentaenoic (EPA) (10,70-10,80%) va acid docosahexaenoic (DHA)
(9,91-10,30%) ciing dugc phat hién trong ché pham giau lipid tir vo tdm Penaeus monodon trich ly bang
DES-ethanol, twong dong vaéi gia tri EPA va DHA trong ché pham giau lipid dwoc chiét xuat tir tom
P. borealis va tdm do cham [6]. Cac acid béo khdng bo hoa c6 lgi ich cho stc khoe nhu giam nguy co
bénh tim mach va cai thién sticc khoe ndo bd va tim mach [6]. Do d6, viéc sir dung dung mdi ChCI/AC
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két hop ethanol d4 c6 anh huong déng ké dén hiéu suat chiét xuat cac acid béo khong bao hoa tir tom
Penaeus monodon.

3.4. Panh gia hoat tinh khang oxy hda ciia ché pham giau lipid tir vé tom

Trong nghién ciu nay, kha niang khéng oxy héa cua dich trich ly tir vo tdm bang cac dung méi khac
nhau (DES chtra ethanol, hexane va ethanol) d dugc danh gia va so sanh thong qua kha nang bat goc ty
do (ABTS va DPPH) va kha ning kht sat (FRAP). Két qua trong Bang 1 cho thay dung méi DES két hop
véi ethanol cho kha nang bat géc tu do ABTS cao nhét, dat 90,24%, theo sau 1a ethanol véi 90,22%. Nguoc
lai, DES (ChCI/CA) khong b sung ethanol c6 kha ning bét goc tu do thap hon, chi dat 77,97%. Thi
nghiém DPPH ciing cho két qua twong tu, trong d6 dich chiét bang DES két hop véi ethanol va dich chiét
bang ethanol déu cho thiy hoat tinh chéng oxy héa manh, véi ty 1¢ bat géc tu do lan luot 1a 83,19% va
82,25%, vuot trgi so voi DES khdng chira ethanol (72,14%). Két qua thir nghiém FRAP ciing twong tu két
qua cia ABTS va DPPH: DES chira 45% ethanol va dung méi ethanol don thuan dat gia tri FRAP cao
nhat, lan luot 1a 1896,90 umol Fe?*/g va 1848,31 pmol Fe*"/g. Trong khi d6, DES khong chira ethanol ¢6
gi tri FRAP thap hon nhiéu, chi dat 1256,92 pmol Fe?*/g. Nhiing két qua nay khing dinh méi tuong quan
tich cuc giira ham lugng AXT va hoat tinh chdng oxy héa, ddng thoi chitng minh hiéu qua vuot troi cua
phuong phap chiét xuat bang DES (ChCI/CA) c6 chira ethanol. Nhin chung, su két hop chiét xuét giira
DES va ethanol 1a mot phuong phép hiéu qua va than thién voi méi truong hon dé thu hdi AXT va lipid
tir vo tdm, so vai cac phuong phép chiét xuét truyén thdng sir dung dung méi ethanol hozc hexane.

4. KET LUAN

Nghién ciru d& str dung dung moéi DES tao thanh tir choline chloride va acid citric vai céc ty 1€
mol ChCI/CA va lugng nude bd sung khac nhau dé chiét xuat lipid va astaxanthin tir vo tom. Két qua
cho thiy dung moéi ChCI/CA & ty 1& mol 1:2 va ham luong nu6e 15% 1a phuong phap hiéu qua nhat
trong cac DES da thir nghiém. Tuy nhién, hiu qua chiét xuit cia ChCI/CA van thap hon so véi cac
dung moéi truyén thdng nhu ethanol va hexane. Viéc bd sung ethanol lam ddng dung méi d4 cai thién
déng ké hiéu suét chiét xudt lipid va astaxanthin so véi khi chi dung hexane hodc ethanol. Pic biét, khi
két hop ChCI/CA va ethanol v&i ham luong ethanol 45% trong DES, nong do lipid va AXT thu duoc
dat mirc cao nhét (5,71 g/100 g va 34,15 pg/g), sau d6 hexane (5,62 g/100 g va 33,47 pg/g) va ethanol
(5,12 g/100 g va 31,56 ng/g). Cac dich trich ly tir vo tom cd dac tinh vuot trdi voi gia tri peroxide,
anisidine va acid thap, dong thoi chira ham lugng cao céc acid béo khong bao hoa da nhu linoleic, o-
linoleic, eicosapentaenoic acid (EPA) va docosahexaenoic acid (DHA). Ngoai ra, chiét xudt tir vo tom
con ¢6 kha nang chdng oxy hoa manh mé. Két qua nghién ctru nay khang dinh tiém nang ciia DES trong
viéc trich ly lipid va AXT tir phy pham tom, mang lai cac hop chat gia tri c6 thé img dung trong nganh
thuc pham va dwoc pham.

Loi cam on: Nghién ctru nay duoc tai trg boi Bo Cong Thuong theo hop dong sb 038.2023.DT.BO/
HDKHCN ngay 31/08/2023.
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ABSTRACT

EXTRACTION OF LIPID AND ASTAXANTHIN FROM BLACK TIGER SHRIMP
SHELLS (Penaeus monodon) USING DEEP EUTECTIC SOLVENT AND ETHANOL

Tran Chi Hait, Phan Van Man?, Le Thi Hong Anh*
'Faculty of Food Science and Technology,
Ho Chi Minh City University of Industry and Trade, Vietham
2Faculty of Tourism, Ba Ria-Vung Tau College of Technology, Vietnam
*Email: anhlth@huit.edu.vn

The shells of black tiger shrimp (Penaeus monodon) are often discarded during processing, yet
they constitute a significant byproduct in the seafood industry, especially in countries such as Vietnam.
These shells are rich in valuable bioactive compounds, including lipids and astaxanthin, but their rigid
and complex cell wall structure presents challenges for extraction. This study examined the potential of
a deep eutectic solvent (DES) system, composed of choline chloride (ChCI) and citric acid (CA), for
extracting lipids and astaxanthin from the shrimp shells. While DES demonstrated lower extraction
efficiency for both lipid and astaxanthin compared to traditional solvents such as hexane and ethanol,
the efficiency improved significantly when ethanol was used as a co-solvent. The combination of
ChCI/CA with 45% ethanol achieved the highest lipid (5.71 g/100 g) and astaxanthin concentration
(34.15 pg/g), outperforming ethanol alone (5.12 g/100 g and 31.56 pg/g) and hexane (5.62 g/100 g and
33.47 ug/g). The resulting extracts were rich in polyunsaturated fatty acids, including linoleic acid,
a-linolenic acid, EPA, and DHA, as well as astaxanthin, exhibiting potent antioxidant properties. These
results indicate that the DES system, particularly with the addition of ethanol, is a promising and
efficient alternative for extracting valuable bioactive compounds from shrimp shells.

Keywords: Penaeus monodon, shrimp shell, deep eutectic solvent, astaxanthin, fatty acid, antioxidant
activity.
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