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SUMMARY

ETHYLENE GLYCOL/2-PENTYLBENZIMIDAZOLE
NEW DEEP EUTECTIC SOLVENT FOR ENRICHMENT OF OMEGA-3
FROM METHYLESTER OF FATTY ACIDS ON BASA FISH WASTE

In this study, we synthesized 2-pentylbenzimidazole and applied for ethylene glycol/2-pentyl

benzimidazole solvent system. This solvent system was used in the process of separating and

enriching omega from methyl ester in basa fish fat. After separation products were analyzed by
GC/FID method, the omega-3 content increased from 1.66% to 27.66% compared to the starting
material, in which the content of a-linolenic acid (ALA) compounds 18:3 (n-3) 55 time.
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1. MO PAU

Viée tach omega-3,6,9 khoi hon hop acid béo
cling nhu tach riéng timng dang omega vai mot hé
dung moi xanh va c6 chi phi thép 1a mot van dé
dang dugc cac nha nghién ciru va san xuét quan
tam. Can ¢t vao nhu cau thuc té vé omega-3,6,9
tai Viét Nam, cling nhu vi¢c phai nang cao hi¢u
qua kinh té cta ca da tron Viét Nam, dap mg yéu
cAu tinh khoa hoc cao cua viée tach va lam giau
omega-3,6,9 bang nhiing hé dung méi xanh va ré
tién, cac hé dung moi sinh hoc c6 thé thay thé
hé dung moéi truyén thdng co ngudn gbc dau
mo nhu petroleum ether, n-hexane...nhung co
gi4 thanh cao va kha ning twong thich véi chat
bi chiét cao nén viéc tach san pham cudi rat
khé khian [7,9,10]. Trong nhimng nam dau cua
thé ky 20, mot hé chét 1ong ion méi dugc ché
tao dua trén hdn hop cua mudi amonium bac
bbn voi mot sb chét tao lien két hydrogen nhur
amide, glycol hodc carboxylic acid, dé tao
thanh mdt dung moi c6 kha nang hoa tan, gia
thanh thdp va dé tai ché hodc tu phan hay ma
khong gdy 6 nhiém. Chét léng ion diu tién
dugc cong bd tir do S Gabrien va J.Weiner [5]
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1a ethanolamonium nitrate ¢6 diém nong chay
1a 52-55 °C. Maii dén 1914, Paul Wanden [11]
ma&i témg hop dugc mot chét long ion ¢ nhiét
d6 phong. Chit 16ng ion méi nay duoc goi la
DES (deep eutectic solvent). Nhiing cong bd
dau tién vé hé chit 1ong ion nay 1a cua Abbott
va cong sy tir nhimg nam 2001 dén nay [1,2].
Pé 1am ndi bat sy quan tim ngdy cang ting cua
DES la dung méi xanh, C. Andrew va cac cong
su da nghién ctu theo hudng str dung cac dung
moi bén vimng, an toan va lanh tinh thay thé
cho cac dung méi hiru co dé bay hoi dang doc
hai va c6 thé nguy hiém [3]. Khi cic hop chit
cdu thanh DES la céc chét chinh, nhu
aminoacid, acid hiru co, duong, ethyleneglycol
hodc dan xuét choline, thi DES dugc goi la
dung moi eutectic sau ty nhién (NADES) [8].
NADES chii yéu phu thudc vao céc tuong tac
lién phan tir (lién két hydro) giita cac thanh
phan cua chung dé tao thanh hdn hop eutectic
c¢6 diém néng chay cudi cung thdp hon nhiéu
s0 véi cac thanh phén riéng 1é cta n6 [12]. Mot
trong nhimg tmg dung cua NADES la chiét
xudt cac hop chit hoat tinh sinh hoc tir nguyén
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liéu thuc vat. Mot vai nghién ctu trong do
NADES di duoc ap dung dé chiét xuét cac hop
chét hoat tinh sinh hoc cho thiy nhiéu hop chat
duoc hoa tan tdt hon trong nude hodc lipid. La
mdi trudng chat 1ong chirc nang, cac loai dung
mdi eutectic sau tw nhién (NADES) c6 thé hoa
tan cac hoa chét tu nhién hoac téng hop c6 do
hoa tan trong nudc thip. Hon nita, cac tinh
chat dic biét cia NADES, nhu kha ning phan
huy sinh hoc va kha nang twong thich sinh hoc,
cho thiy chiing 14 g ctr vién thay thé cho cac
khai niém va tg dung lién quan dén dung moi
hitu co va chat 1ong ion.

2. THU'C NGHIEM

2.1. Héa chét: Céac héa chit co ban nhu o-
phenyldiamine vo&i hexanoic acid, ethylene
glycol,..

2.2. Tong hop hé dung méi siu ethylene
glycol/2-pentylbenzimidazole va iwng dung
lam giau omega-3

Téng hop 2-pentylbenzimidazole: Ty 1¢ mol o-
phenyldiamine véi hexanoic acid lan lugt 13
1:1. Lugng xtic tac dua vao 1a 10% khéi luong
cic chat tham gia phan tng. Phan tmg duoc

thuc hién 10 gio ¢ 180 °C va khuéy lién tuc
(van toc khudy tir 600 vong/phut). Sau 10 gio,
binh phan Gng duoc dé ngudi ty nhién, san
phim dugc lam sach b?lng phuong phap két
tinh nhiéu lan thu duogc tinh thé dang bot mau
trang xam sy kho va tién hanh phén tich.
Dung dich hé ethylene glycol/2-pentylbenzimidazole:
Céc hé NADES dugc diéu ché don gian bang
cach tron 1an 2 thanh phén lai v&i nhau,
NADES dugc tao thanh théng qua lién két
hydrogen [4]. Sy hinh thanh lién két hydrogen
trong phan tir ethylene glycol/ 2-pentylbenzimidazole
la do d¢ am dién manh cta oxygen trong nhém
OH cua ethylene glycol ¢6 xu hudng lién két
v6i hydrogen ctia N va cac hydrogen ctia nhom
CH3 ngoai cung cua diy alkyl. D& 1 mol 2-
pentylbenzimidazole tan hét vao ethylene
glycol va khong tai két tinh, t6i thiéu phai c6 4
mol ethylene glycol. Pay ciing 1a ngudng bao
hoa cta dung dich nay. Trong 36 ty 1¢ ethylene
glycol/2-pentylbenzimidazole 10g:1,5g la tdt
nhit vé tinh chat vat 1y ctia hé ciing nhu kha
ning chiét, kha nang thu hdi DES nén ty 1& nay
da duoc chon.

H

e (CH2)2OH H
5 (CH ),OH

4 HO (CH,), OH + @:N}(CH ), —CH, ﬂ@\/l\l}*(CH )—c H- O(CH ),OH

Tdch va lam giau omega-3 bang hé ethylene
glycol/2-pentylbenzimidazole: 20 gam methyl
ester va 15 gam hé ethylene glycol/2-
pentylbenzimidazole thém 200 ml methanol.
Hon hop cho vao binh cau 500 ml c6 gan sinh
han dwoc dat trén may khudy tr (120
vong/phut) c6 gia nhi¢t. Binh phan ung duogc
dun néng & nhiét do 45 °C va khqu lién tuc.
Cho dén khi hdn hop ddng nhit, dé ngudi &
nhiét d6 phong va dugc lam lanh ¢ 4 °C trong
8 gid. Sau 8 gi hdn hop tach thanh hai 16p:
16p trén 1a phan long, 16p dudi 1a phan rén,
tach phan chit long va phan rin ra khoi nhau.
Phan rin dugc rira béng methanol lanh va két
hop dung dich rira nay véi phan long, lam bay
hoi methanol trong thiét bi bay hoi chan
khong. Sau d6 1am khan bang Na>SOs va tién
hanh phén tich xac dinh thanh phan héa hoc
cac acid béo.

2.3. Phén tich san phim

Trong cong trinh nay chung toi sir dung mot s6
phuong phap phan tich: Phd FTIR duoc do trén

0 (CH,),0H
H

may PerkinElmer MIR/NIR Frontier, ép vién
v6i KBr, diy séng tir 4000-400 cm™. Phd
NMR do trén may hi¢u Bruker AC 500. Gian
d6 TGA duoc do trén may TGA TA-Q200,
phan tich tir nhiét ¢ phong dén 800 °C, gia
nhiét véi tbe do 10 °C /phit va moi truong khi
Nitrogen. GC/FID gém hé thong sic ky khi GC
- Agilent 6890N ¢ cdu tao bao gdm: budng
tiém mau béng tay, 10 cot, dau do ion hoa ngon
ltra FID, cdt mao quan HP-INOWAX (30 m x
025 mm x 025 pm) thanh phan
polyetylenglycol. Phuong phap GC/MS duogc
do trén may GC Agilent 6890N, MS 5973
inert, cot HP5-MS, ap suat He dau cot 9.3 psi.
Chuong trinh nhiét cho mau 50 °C ting 5
°C/phat dén 150 °C tiép tuc ting 10 °C/phut
dén 200 °C, ting 20 °C/phit dén 300 °C giir
trong 10 phiit. Cac mau dugc phan tich tai
phong phan tich cua Vién Khoa hoc Vit lidu
Ung dung.

3. KET QUA VA THAO LUAN

3.1. Két qua téng hop 2-pentylbenzimidazole



Hop chat 2-pentylbenzimidazole cho biét
trén gian d6 DSC c6 xuat hién peak tai ving
nhiét 167 ma trén gian dd6 TGA khong c6 su
giam khdi luong vi vy nhiét d6 nong chay
cua 2-pentylbenzimidazole dugc xac dinh la
167 °C. Phuwong phap GC/MS cho thdy trén
gian dd GC chi ¢6 1 peak, két qua MS c6 su
hién dién cac ion sau: 188 la cua phan tr
C12Hi6N2, mét di 1 nhém CHs 1a ion CiiHisN2

thé hién peak 173, tuong tmg peak 132 (100%)
la phéan tir CsHsNa2, 131 1a cta ion 2- CsH7Na,
118 1a ion C7HsN> thé hién peak,. So v&i phd
dir 1iéu NIST véi céc pic 16n dac trung: 132,
188, 173, 118 phu hop véi cau triic ctia hop
chat can tim. FTIR Vmax (KBr) cm™: 3082 (N-
H), 2953 (C-H), 2774, 2734, 1539 (C=N),
1420, 1272(C-N), 1021, 751.
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Hinh 2. Séc ky do ciia 2-pentylbenzimidazole

Céu trac cua 2-pentylbenzimidazole ciing duoc
xéac dinh bang phd cong huong tir hat nhan 'H
NMR (CDCIl3, 500 MHz, &, ppm) cho cac tin
hi€u cong hudong cua proton dH 12,25 (1H,
brs, N-H) va cac miii cong hudng tin hi¢u
proton cua hydrocarbon thom éu 7,60 (2H, dd,
J1=6,0 Hz, J» = 3,0 Hz, H-4, 7); 7,24 (2H, dd,
Ji = 6,0 Hz, J» = 3,2 Hz, H-5, 6). Dong thoi
phd 'H-NMR cho cic miii cong hudng véi su
hién dién proton cua 4 nhom methylene du
3,03 (2H, t, J = 8,0 Hz, H-1"); 1,91 (2H, m, H-
2%); 1,36 (2H, dt, J1 = 6,5 Hz, J> = 3,0 Hz, H-
3’); 1,27 (2H, dt, J1 = 7,0 Hz, J> = 7,0 Hz, H-
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4’) va 1 nhom methyl on 0,82 3H, t, J = 7,0
Hz, H-5). BC-NMR (CDCls, 125 MHz, 3,
ppm) xuét hién cac tin hiéu cho thiy su hién
dién ctua 5C day alkyl béo oc = 31,4 (C-1°),
29,1 (C-27), 28,0 (C-3’), 22,3 (C-4"), 13,8 (C-
5”); cac carbon cua vong hydrocarbon thom ¢
= 138,1 (C-3a,7a), 122,2 (C-5, 6), 114,5 (C-4,
7). Bén canh d6 c6 tin hiéu ctia C mang ndi doi
8¢ = 155,7 (C-2). Cac két qua MS, NMR dugc
so sanh véi cac cong trinh nghién ctru trude,
cho thiy phu hop véi san phdm mong mudn
[6]. Piéu d6 chimg to san pham tao thanh cé
cAu trac phi hop voi du kién.
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Hinh 4. Phé 3C-NMR ciia 2-pentylbenzimidazole

3.2. Két qua tach omega-3 tir methylester
ciia acid béo bing h¢ dung méi ethylene
glycol/ 2-pentylbenzimidazole

Dé xac dinh anh huéng cua dung méi, sau khi
khqu tron va thu dugc dung dich déng nhét,
chung t6i da 1iy mau dé phan tich thanh phan
héa hoc ctia dung dich trude khi thye hién qua
trinh 1am lanh dé tao tua. Két qua phan tich cho
thdy acid béo bao hoa va acid béo chua bio
hoa giam 2,31 gam, omega-6 giam 1,37 gam,
omega-9 giam 1,13 gam, téng giam 4,81 gam.
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Trong khi d6 omega- 3 tang 4,39 gam (chénh
léch 0,42 gam). Sy chénh 1éch giira s6 luong
mét di va ting thém nam trong khoang dudi
0,5 gam tuong tng 2,5%. Trong khi d6 phan
khong xac dinh duoc va that thoat ciing twong
tmg 2,5%. Diéu nay cho thiy cac sb liéu phan
tich hop ly. Cac s liéu khao sét trén cho thdy,
hé ethylene glycol/2-pentylbenzimidazole da
lam giau omega-3 dang ké. Ham luong omega-
3,6,9 trong dung dich tach ra dat 66%, trong do
ham lugng omega-3 chiém trén 23%.



Bang 1. Khoi lwong san pham sau khi phoi trén va phan long sau chiét tach

San pham sau phoi San pham léng sau chiét
Dang acid Methylester ’ tron ’ ’ tzichg

gam % gam % gam %
Acid bao hoa 7,12 35,58 4,93 24,65 0,23 7,56
Acid chua bao hoa 0,67 3,35 0,55 2,75 0,11 3,65
Omega-3 0,37 1,66 4,76 23,8 0,82 27,66
Omega-6 2,89 14,67 1,52 7,60 0,08 2,82
Omega-9 8,13 40,63 7,00 35,00 1,69 56,59
KXbvaTT 0,82 4,11 1,24 6,20 0,05 1,72
Tong ME 20 100 20 100 2,98 100
Tong Omega-3,6,9 11,39 56,96 13,28 66,40 2,59 87,07
Sau khi lam lanh trong phan long cho két qua tr 0,4% nguyén li¢u 1én 25%. C6 kha nang do
omega-3 tang 27% so voi nguyén liéu dau 1,66%, linoleic acid (LA) 18:2 (n-6) da tham gia vao
hop chét a-linolenic acid (ALA) 18:3 (n-3) ting qua trinh d& hydrogen hoa.

Bang 2. Thanh phan va ham luong cdc chdt sau khi phéi trén va trong phan long

. A, g Methylester | Sin pham sau | San phiam léng
Dang acid Tén cia cac dang acid béo % phéi tron % sau téch %
Téng acid béo bao hoa 35,58 24,65 7,56
Téng acid béo chua bao hoa 3,35 2,75 3,65
;x)—Lmolemc acid (ALA) 18:3 (n- 0.46 234 25.62
Eicosatrienoic acid 20:3 (n-3) 0,15 0,20 1,46
Omega-3 Eicosapentaenoic acid (EPA) 20:5 0.42 0.10 0.46
(n-3)
Docosahexaenoic acid (DHA)
22:6 (n-3) 0,63 0,10 0,12
Téng Omega-3 1,66 23,8 27,66
Linoleic acid (LA) 18:2 (n-6) 12,41 7,10 1,03
v-Linolenic acid (GLA) 18:3 (n-6) 1,05 0 0
Eicosadienoic acid 20:2 (n-6) 0,55 0,40 0,91
Omega-6 Eicosatrienoic acid 20:3 (n-6) 0,18 0 0
Arachidonic acid (AA) 20:4 (n-6) 0,48 0,10 0,88
Téng Omega-6 14,67 7,60 2,82
Oleic acid 18:1 (n-9) 40,21 34,85 56,59
Omega-9 Eicosenoic acid 20:1(n-9) 0,42 0,15 0
g Erucic acid 22:1 (n-9) 0 0 1,07
Tong Omega-9 40,63 35,00 56,59
Tong Omega-3,6,9 56,69 66,4 87,07
Khong xac dinh va that thoat 4,11 6,20 1,72
Téng 100 100 100
Céc hop chat omega trong phan long ting 87% linolenic acid (ALA) tang tur 0,46% lén 25,6%.
so v6i nguyén liu ddu 56%. Ham lugng Céc hop chit cia omega-3 hién dién trong
omega-3 ting tir 1,66% nguyén liéu dau lén phan long chu yéu la: a-Linolenic acid (ALA)

27,66% sau khi tach. Pdc biét hop chét a- 18:3 (n-3), Eicosatrienoic acid 20:3 (n-3),
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Eicosapentaenoic acid (EPA) 20:5 (n-3),
Docosahexaenoic acid (DHA) 22:6 (n-3), két
quéa dugc thé hién trong bang 3.3. So vdi tach
bang hé dung modi choline chloride va
methylurea tong omega 3 12 5,37% [13].

Bdng 3. Thanh phan omega-3 trong phan long

ALA |ETA | EPA | DHA | Téng
Omega-3

(%) | () | (%) | (%) | (%)
Methylester| 0,46 | 0,15 | 0,42 | 0,63 | 1,66
NADES  [25,62|0,46 | 1,46 | 0,12 | 27,66
4. KET LUAN

Pi tong hop hop chit 2-pentylbenzimidazole
va xéac dinh duoc tinh chit va ciu trac cua hop
chét bang phuong phap phan tich hoa 1y: FTIR,
TGA, GC/MS, NMR. ba tao h¢ dung moi sau
dang ethylene glycol/2-pentylbenzimidazole
ung dung vao qua trinh tach lam giau omega-3
tir methylester cua acid béo trong m& ca basa.
San pham sau khi tach duoc x4c dinh thanh phan
va ham luong céc acid béo bang phuong phép
GC/FID, két qua cho thdy ham luong omga 3
ting dang ké tir 1,66% nguyén lidu 1én dén
27,66%. Trong d6 ham luong hop chit a-
linolenic acid (ALA) 18:3 (n-3) ting gip 55 lan.
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