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Abstract

In this research, tamanu oil was extracted from seeds using supercritical fluid CO, (SCF-CO,). Rotatable
experimental design method (Box and Hunter) was applied to optimize the operating conditions of the SCF-CO,
technique as pressure, flow rate, and time. Optimization results show that the highest oil yield was obtained of 37.28%
at 280 bar, 18 g CO,/min, and 180 minutes. This oil yield extracted by the SCF-CO, method was 1.4 times higher than
that of conventional Soxhlet extraction using petroleum ether. The analysis results of gas chromatography—mass
spectrometry (GC-MS) and physicochemical properties (oxidation value, iodine value) indicate that the quality of
tamanu oil extracted with SCF-CO, was better than that of products obtained by organic solvent and cold-pressed

extraction methods.
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1. MO PAU

Cay mu u c6 tén khoa hoc la Calophyllum
inophyllum L. thuéc ho Clusiaceae va tén tiéng Anh
la Tamanu [1, 2]. Ngoai ra, cdy md u con c6 mot sb
tn goi khac nhu: alexandrian laurel, beach
mahogany, beauty leaf, poon,... Hién nay, cay mu u
¢ thé tim thay ¢ nhiéu QUOC gia nhu: Thai Lan,
Myanma, Malaysia, Nam An D9, Sri Lanka va &
nhiéu dao cua Melanesia va Polynesia,...[2]. O Viét
Nam, cdy mu u duoc trdng tir ving ven bién Hai
Phong dén ving b bién Ba Ria-Viing Tau va Dong
bang Song Cuu Long

Dau mu u ¢6 mau xanh nhe, sénh va dé hip thu
vao da [3]. Dau c6 thé thu duoc tir cac bd phan cua
cdy mu u nhung chu yéu 14 tir nhan hat ciia qua mu
u. Ham luwong diu mu u trong nhan hat chiém
khoang 50,3+73 %. Dau mu u thu duogc tir nhan hat
c6 cac hoat chat chinh Ia axit calophyllic va lactone,
c6 dac tinh khang sinh, khang khuan va 1am lién seo.
Piéu nay dugc phat hién boi mot nha nghién ciu
ngudi Phdp-Gido su Lederer [4].

Cac bd phan cua cay mu u déu cé cong dung vé
mit duoc ly. Dau md u c6 nhiéu tng dung trong y
hoc, my pham, ning luong va cac nganh céng
nghiép khac... [5-8]. Dau mu u chira cac hop chat co
gid tri cao nhu: calophyllolide, axit calophyllic,
inophy-llolids, axit béo tu do, terpenold va streroid
[6]. Cac thanh phan nay co tinh khang viém, khang
khuan, tri nAm, tai tao té bao, tai sinh mé.... Vi vay,
nhiéu mypham va dugc pham di duoc bo sung cac
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hop chat trich tir dau mu u ding dé tri: ghé, nam tac,
cac bénh vé da, cac vét thuong, thip khop, lam sian
da,... [9]. Ngoai ra, diu mu u con dugc dung lam
diu massage va dudng 4m da, xir ly céc vét thuong
nhu vét bong, xay xudc da, con tring cin, 1o loét,
cham, ndm, tri bénh HIV....

Ep co hoc 1a phuong phap truyén théng va phé
bién dugc dung dé trich ly dau mu u. Theo dé, hat
mu u duoc phoi hodc siy dé dat do am thich hop,
sau do dung may ép thay luc dé ép hat ldy dau.
Phuong phap nay tuy don gian nhung cho san pham
dau tho co6 d6 tinh khiét va ham luong dau thap.
Ngoai ra, ddu md u con duogc trich bang phwong
phap Soxhlet dung dung méi hiru co. Theo do, hat
mu u dugC ngdm va chiét trong cac dung médi nhu:
etanol, n-hexan, ete diu hoa (petroleum ether),...
Nhuoc diém cua phuong phap nay 1a ding dung méi
nhiéu, doc hai, thoi gian trich ly dai va dau thu dugc
van con 1an dung mai [10]. Ngay nay, k§ thuat trich
ly dung SCF-CO, da dugc ap dung thanh cbng trén
thé gidi cling nhu ¢ Viét Nam trong vi¢c san Xuat
tinh dau va hwong liéu tir cAc san pham ty nhién.
Theo k¥ thuat nay, SCF-CO, mang dac tinh cua ca
chat khi va chat 1ong nén c6 kha nang hoa tan tot cac
chat quy can tach ra khoéi mau ¢ dang ran, long hozc
khi. Ky thuat nay c6 wu diém la: dung méi khong
doc hai, hiéu qua trich ly cao va khéng chay né [11].

D3 c6 nhiéu cong trinh nghién ciu ung dung ky
thuat trich ly bing SCF-CO, dé chiét tach tinh dau
nhu tiéu, qué, tram, tram, gic [12-14]. Nhung cho
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dén nay, chwa co cong bd ndo ¢ Viét Nam ciing nhu
trén thé gisi dé cap dén viéc ap dung k¥ thuat nay dé
trich ly dau mu u. Do d6, nghién ctu trich ly dau mu
u tir hat bang ky thuat SCF-CO, dugc thyc hién trong
nghién ctru ndy. Su anh huong cua cac diéu kién van
hanh nhu: ap suét, luu lugng CO, va thoi gian trich
ly dén hiéu suat trich ly dau mu u duoc khao sat
bang quy hoach thuc nghiém. Téi wu hoa cac diéu
kién van hanh qua trinh trich ly dé dat hiéu suat cao
nhét dua trén cac két qua thu dwoc theo quy hoach
thuc nghiém. Ngoai ra, tién hanh phan tich GC-MS
va dic tinh hoa ly dé so sanh chat lugng dau thu
dugc voi san pham dau trich bang phwong phap
Soxhlet véi ete dau hoa va dau thuong mai (ép
co hoc).

2. THUC NGHIEM
2.1. Nguyén ligu

Hat va dau mu u duoc cung cap tir co s san xuét
s6 25/21 Hau Giang, Phuong 4, Quan Tan Binh,
Thanh phé H6 Chi Minh véi ngudn thu gom tir
Péng bing Séng Ciru Long.

Hoa chéat: dung dich ICL, dung dich Na,S,0s,
dung dich K, axit axetic, chloroform va chat chi thi
tinh bot. Hoa chat dung trong phan tich ¢ xuat xu tir
Merck (bc).

2.2. Trich ly dau mu u
2.2.1. Bang ete dau hoa

Hat mu u dwoc siy ¢ nhiét do 40 °C va nghién
dén kich thuéc 1+2 mm. Sau d6, hat dugc cho vao
bo dung cu trich ly Soxhlet. Tién hanh trich ly &
20 °C trong vong 6 gio. Hon hop sau trich ly duoc
cd quay chan khong véi thiét bi Buchi R-215 d loai
bé dung moi & nhiét do 37 °C.

2.2.2. Bang SCF-CO,

Hat md u sau khi phoi kho va nghién (khoang
1+2 mm) duoc cho vao binh trich cuaa thiét bj trich ly
siéu téi han SFC S.N11419 tai Phong thi nghiém
Trong diém Cong nghé Hoa hoc va Dau khi, Truong
Pai hoc Bach khoa, Pai hoc Quéc gia Thanh phd Hb
Chi Minh. Tién hanh trich ly voi cac didu kién van
hanh duoc trinh bay ¢ bang 1.

Tién hanh 20 thi nghiém, voi sé thi nghiém tai
tdm 1a ny = 6, canh tay don o = 1,682.
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Bang 1: Piéu kién thi nghiém

Céc yéu t6 anh huong

A A Luu <

(bar) | (g ,pﬁut) (phuit)
Muc trén (+1) 280 18 180
Mirc co s& (0) 265 14 150
Mt dudi (-1) 250 10 120

Bang 2: Quy hoach thyc nghiém

STT Ap suat | Luuluong CO, | Thoi gian
(bar) (g/phut) (phat)
1 250 10 120
2 280 10 120
3 250 18 120
4 280 18 120
5 250 10 180
6 280 10 180
7 250 18 180
8 280 18 180
9 290,23 14 150
10 239,77 14 150
11 265 20,73 150
12 265 1,27 150
13 265 14 200,45
14 265 14 99,55
15 265 14 150
16 265 14 150
17 265 14 150
18 265 14 150
19 265 14 150
20 265 14 150

_ Ham muc tiéu cua qua trinh 1a higu suét trich ly
dau mu u, I{i ti so gitra khoi luqng dau trich ly duoc
(my) vai khoi lugng hat kho ban dau (m).

Y = % x 100% — max (1)

2.3. Phan tich thanh phan diu

Thanh phan va ham lugng axit béo trongdau mu
u duogc phéan tich bang may GC-MS Agilent 6090
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GC/5973 MS, cot DB23 60 m x 0,25 mm x 0,15 um
tai Cong ty TNHH M6t thanh vién khoa Hoc cong
ngh¢ Hoan Vi.

Chi sb oxi hoa va chi s iot cua cac san pham dau
dugc phan tich theo TCVN 6122-2010 [15] v& dau
m& dong vat va thuc vat tai Phong thi nghiém thuoc
Bo mdn Cong nghé Thuc pham, Khoa Ky thuat Hoa
hoc, Trudng Pai hoc Béach khoa, Pai hoc Quéc Gia
Thanh phé H6 Chi Minh.

3. KET QUA VA THAO LUAN

3.1. Phuong trinh hdi quy mé ta ham muc tiéu

Bang 3: Két qua thi nghiém

Ap Luuluong | Thoi Hiéu
STT | suat CO, gian suat

(bar) | (g/phat) (phut) | (%)
1 250 10 120 32,24
2 280 10 120 32,56
3 250 18 120 35,47
4 280 18 120 34,16
5 250 10 180 33,00
6 280 10 180 36,50
7 250 18 180 35,47
8 280 18 180 37,28
9 290,23 14 150 36,65
10 | 239,77 14 150 36,14
11 265 20,73 150 35,15
12 265 7,27 150 32,64
13 265 14 200,45 | 35,32
14 265 14 99,55 34,48
15 265 14 150 35,15
16 265 14 150 34,83
17 265 14 150 34,48
18 265 14 150 35,15
19 265 14 150 33,17
20 265 14 150 34,45

Str dung phan mém Design — Expert voi phuong
4n quay bac hai cua Box va Hunter dé giai bai toan
t6i wu thu dugc phuong trinh hdi quy c6 dang nhu
sau:

Y = 34,32 + 0,79x,x5 + 0,58x% (2)
VGi Xy, X3 1a cac bién ma hoa tuong ng cua cac yéu
t6 khao sét Z, (&p suét), Z; (thoi gian).

Sy tuong thich cua phuong trinh hdi quy
(2) dugc kiém dinh theo tiéu chuan Fisher:
2
F=2=398< F_gs(12,5) = 4,68

Sth
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Véi: s¢; 1a phuong sai twong thich; sg, 1a phuong sai
tai hién; F;_g05(12,5) la gia tri dugc tra tir bang
phan b Fisher véi mirc y nghia p = 0,05.

Tir két qua kiém dinh nay, theo tiéu chuan Fisher
thi phuong trinh hoi quy (2) tuong thich véi thuc
nghiém.

Cong thtic chuyén doi giira gia tri md hoa x; va
gia tri thuc Z; [15]:

2(z;-z9)
5 = e Zmin 3

Sy tuong thich ctia phuong trinh hoi quy (2) voéi
s6 liéu thyc nghiém ciing dugc thé hién ¢ hinh 1.
Theo d0, cho thay cac diém sai léch tap trung xung
quanh duong 45°. Bidu nay thé hién sy tuong thich
giita cac gia tri hiéu suat duoc tinh tir phwong trinh
hoi quy (2) va tir thyc nghiém. Két qua so sanh nay
khang dinh thém d6 tin cdy cua phuong trinh hoi
quy (2).
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Gia tri thuc nghiém

Hinh 1: So sanh gié tri cua hiéu suét trich ly theo
thuc nghiém va theo mé hinh

3.2. T6i wu héa qua trinh trich ly

Két qua t6i wu hiéu suat trich ly dya trén s liéu
thi nghiém thu dugc trinh bay ¢ bang 4.

Bang 4: Két qua t6i wu hoa hiéu suat trich ly

A otk Luu lugng Thoi Hiéu suat
Apbsuat’ Co, gian, trich ly
Gan | (@phiy) | @hay | %)
280 18 180 37,28

Bang 5: So sanh hiéu suat trich ly

e Ete dau
Dung méi trich ly SCF-CO, hoa
Hiéu suat, % 37,28 26,60
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Bang 5 cho thay hiéu suét trich ly biang SCF-CO,
cao gap 1,4 lan trich ly bang ete dau hoa. Két qua so
sanh nay khang dinh hiéu qua cua viéc ap dung ky
thuat luu chat siéu toi han dé trich ly dau mo u.

3.3. Anh huwéng cua cac diéu kién van hanh dén
hi¢u suat trich ly dau ma u

hiu sudt trich ly

1300 ~ 28000
k 2250
14 ?‘\ 26500 X
hou hegng 2%~ 2%  dp suat
1000 290006

Hinh 2: Anh huong ciia &p suat va luu lugng CO,
dén hiéu suat khi thaoi gian trich [a 180 phat

higu sudt trich ly

~;:}\‘ > /':c;:
— -—
. 000 “\_ //’ 1400
thoi gian s _—"2% hia hr o
0.00 on

Hinh 3: Anh huong cia thoi gian trich va luu lugng
CO, d@én hiéu suat khi ap suat la 280 bar

hiu sudt trich ly

-
27250

26500

50.00 S i
thoi gian %~ 7% 4p suat

2000 25000

Hinh 4: Anh huong ciia &p suét va thoi gian trich
dén hiéu suat khi luu lugng CO, la 18 g/phat

Nguyén Hizu Hiéu va cong su

Céc két qua trén cho thay hiéu suat ting theo ap
sut, luu luong dung moi va thoi gian trich. Nguyén
nhan 1a do khi ting 4p suét thi khdi lwong riéng cua
dung mdi ting lam ting kha ning khuéch tan ciing
nhu tang tinh hoa tan cua dung mdi CO,. Do d6, do
hoa tan cua cac thanh phan can trich trong pha rin
(hat mu u) s& ting theo. Mat khéc, luu luong dong
lwu chét ting thi lam tang kha nang tiép Xuc gitra
dung mdi va pha rin dan dén kha ning truyén khoi
gitra hai pha tang 1én. Ngoai ra, khi tang thoi gian
trich thi lam tang thoi gian tiép x(c pha dan dén higu
qua ciia qua trinh trich ciing ting theo. Cac két qua
nay phu hop véi ban chét caa qua trinh trich ly bang
dung moi siéu téi han [16].

3.4. Chit lwgng dau
3.4.1. Ham lwong axit béo

Bang 6 trinh bay két qua phan tich GC-MS vé
ham lugng axit béo cua céc san pham dau mo u
dugc trich bang: SCF-CO,, ete dau hoa va ép co hoc
(dau thuong mai). Qua d6 cho thiy thanh phan dau
mu u trich ly bang SCF-CO, c6 ham lugng axit béo
khong no cao hon hai san pham dau con lai. Cy thé,
ham luwgng axit (92,127)-9,12-octadeca-dienoic
(omega-6) la 26,61 %, axit (9Z)-9-octadecenoic
(omega-9) la 30,05 %. Omega-6 va omega-9 la hai
hop chat lipid tham gia cau tao mang té bao, co tac
dung tai tao mo, biéu bi va lam lanh vét thuong
[9, 10].

Bang 6: Ham luong axit béo ctia san pham dau

Thanh phan Phu(ynngha;p‘ trlchEly
Hha SCF- te dau p co

axit béo CO, hoa hoc
AXit dodecanoic 0,04 0,22 0,03
AXit tetradecanoic 0,11 0,38 0,14
AXit hecadecanoic 33,22 36,49 36,86
AXit (92)-9- 042 | 045 | 045
hexadecenoic
AXit octadecanoic 8,38 8,58 7,88
AXit (92)-9- 31,05 | 2036 | 31,08
octadecenoic
AXIt(92,122)-9,12- | o661 | 2426 | 2331
octadecadienoic
AXxit (9Z,127,157)-
9,12,15 0,17 0,15 0,13
octadecatrienoic
AXit eicosanoic 0,10 0,13 0,12
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Mt khac, dau trich bang ky thuat luu chét siéu
t6i han c6 tong ham luong axit béo thiét yéu
(omega-6 va omega-9) la 57,66 % cao hon so véi hai
san pham dau con lai; va cac thanh phan axit béo
khac co6 ham luong 1a twong dwong. Két qua phan
tich nay thé hién tinh nang wu viét cua k§ thuat luu
chat siéu t6i han dé trich nhitng hop chét quy tir cac
san pham thién nhién [17, 18].

3.4.2. Chi sé oxi héa va chi sé iot

Chi s6 oxi hda va chi s6 iot dugc s dung dé
danh gia kha ning oxi hda va chat luong dau. Két
qua & bang 7 cho thay san phdam dau mu u dugc trich
ly biang dung méi ete dau hoa c6 chi sb oxi hoa thap
nhét (0,98 meq/kg). Piéu nay la do nhiét do trich ly
& 20 °C va dau duoc cd quay chan khong & nhiét do
37 °C da lam giam kha nang oxi hda dau mi u. Mau
dau trich bang SCF-CO, ¢ chi s6 oxi hda trung binh
(11,5 meqg/kg) do thoi gian trich ly kéo dai (180
phut) nén dau dé bj oxi hoa & nhiét do trich 1a 40 °C.
Trong khi d6, san pham dau thwong mai c6 chi sb
oxi hoa cao nhat (14,40 meq/kg) 1a do dic trung cua
qua trinh ép co hoc bi ma sé&t nhidu nén san pham
dau dé& bj oxi hoa hon.

Bang 7: Chi sb oxi hoa va chi sé iot cia cac
san pham dau mu u

Phuong phap trich ly
Chi s6 SCF- | Etediu | .
Co, hea | EPoohoc
Chi sb oxi
héa 11,50 0,98 14,40
(meqg/kg)
Chi sé iot
. 103,9 76,7 96,4
(g iot/100 g)

Két qua phan tich chi s6 iot ciing cho thay dau
ma u trich ly bang SCF-CO, ¢6 chi sb iot cao nhit.
Diéu nay thé hién muc d6 khong no cao cua san
pham dau trich bing SCF-CO,. Do d6, san pham dau
ctia qué trinh nay s& dé bao quan hon vi dau c6 chi
sb iot cao s& kho bi oxi hoa hon.

4. KET LUAN

Bing quy hoach thuc nghiém theo phuong an quay
bac hai cua Box va Hunter da thu dugc phuong trinh
hoi quy md ta sy phu thudc ciia hiéu suat qua trinh
trich ly dung SCF-CO, vao cac diéu kién van hanh
nhu: 4p suét va thoi gian trich ly. Su twong tich cua
phuong trinh hdi quy véi thuc nghiém da duoc kiém
dinh theo tiéu chuan Fisher.
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Két qua téi wu hoa qua trinh trich ly dau md u
bang SCF-CO, dat hiéu suat thu héi dau cao nhat Ia
37,28 % & 4p suat 280 bar, luu lwong 18 g/phit va
thoi gian 180 phut. Gié tri hiéu suat nay cao hon 1,4
lan so vai trich ly bang phuong phap Soxhlet dung
dung méi ete dau hoa.

Chat luong dau trich dugc bang ky thuat luu chat
siéu t6i han 1a cao hon so véi trich bang dung moi
ete dau hoa hay san pham dau thuong mai. Theo do,
tong ham luong hoat chat omega-6 va omega-9 c6
trong dau trich bang SCF-CO, I cao hon so véi hai
san pham dau con lai. Pong thoi, ky thuat nay ciing
cho san pham dau c6 chat luong tét véi chi sé oxi
hoa va d khong no cao hon so véi dau thwong mai.
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