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Abstract

Hydrolysis reaction of cow bile was used to convert bile acid into free cholic acid. This study examined the
implementation conditions of the hydrolysis reaction to optimize the performance obtained free acid using RMS method
combined with CCD model. Meanwhile reaction yield and cholic acid content was determined by HPLC-ELSD method.
Research results showed that a good connection could establish between the concentration of free cholic acid converting
from the conjugate acid hydrolysis and temperature, concentration of NaOH, hydrolysis time. Response surface model
was used to optimize the hydrolysis conditions. Highest free cholic acid content (98.66 to 98.91 %) was obtained in
optimal conditions with 10.38 % NaOH concentration, at 92.35 °C, for 7.25 hours.
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1. PAT VAN BE

Axit mat c6 tac dung gidp tiéu hoa va hap thu
chat béo, vitamin. Axit mat ciing c6 tac dung diéu
chinh sy can bang nong do cholesterol, triglyceride,
glucose va ning lugng trong té bao. Axit cholic la
axit mat so cap tiéu biéu, c6 mat trong hau hét cac
loai mat dong vat, c6 nhiéu &ng dung quan trong
trong diéu tri bénh [1, 2]. Axit cholic con cd vai tro
la nguyén liéu tdng hop mot sb cac axit mat co gia
tri tri liéu cao voi trit lwong trong tu nhién rat thap
nhu axit ursodeoxycholic, acid chenodeoxycholic [3-
6]. Axit cholic trong ty nhién thuong ton tai ¢ dang
lién hop véi nhém tauro- va glyco-, vi vay dé thu
duoc acid cholic tw do can phai phai thuc hién phan
ing thuy phan dé tach cac nhom lién hop nay. Hiéu
suit cua phan ung thay phan dich mat co ¥ nghia
quan trong ddi voi cong doan tach chiét axit cholic
tir két taa axit mat tho, do d6 can phai téi wu hoa
hiéu suat phan ¢ng thay phan nay dé dat dwoc hiéu
Suit tach axit cholic cao nhat.

Trong nghién ctu nay, cac thi nghiém duoc thuc
hién theo mo hinh phwong phap bé mat dap @ng
(RSM) v&i md hinh tam phirc hgp (CCD) dé t6i uu
hoa phan tng thuy phan dich mat bo.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu

Dich mat bo dugc cung cap bai Cong ty ché bién
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gia sic Vissan — Thanh phé H6 Chi Minh. Axit
cholic chuan - Sigma Aldrich (My), dung méi sir
dung bao gém metanol, etyl axetat, n-hexan 1a dung
méi tinh khiét cua hdng Labscan (Thai Lan). Cac
hoa chit st dung cho qua trinh thuy phan NaOH,
HCI tinh khiét cua hang Xilong, Trung Qudc.

2.2.Phan &ng thay phan méat bo

500 mL dich mat bo dugc hoa tan trong con 90
d6 ¢ 60 °C, sau do loc qua gidy loc dé loai bo cac
thanh phan m&, mau mat va can khéng tan. Dich mat
sau khi loai con va nu6e dugc sdy chan khong thu
duoc 90 g bot ran (mat thd).

5 g mat thoé duoc hoa tan lai trong 20 mL nuwdc
ct, thu dugc dung dich pH = 9, dung dich nay duoc
axit héa dén pH = 6,5, khong c6 két tua duoc tao ra.
Dung dich tiép tuc dugc axit hoa dén pH 1,5 két tua
axit mat tu do. Két tua duoc loc va siy thu duoc 4,6
g axit mat thd. Thanh phan axit mat thé duoc xac
dinh trén HPLC-MS, két qua duogc thé hién trong
hinh 1. Céc axit mat dugc xac dinh tai cac khoang
thoi gian luu vai céc tin hiéu m/z nhu sau: axit
cholic (CA, t =5,527; m/z = 426,4), axit glycocholic
(GCA, t = 2,571; m/z = 466,4), axit taurocholic
(TCA, t = 1,895; m/z = 533,3). Trén ph6 d6 HPLC-
MS khdng c6 sy xuit hién pic cua axit deoxycholic
(DCA), diéu nay cho thiy DCA khong ton tai & dang
axit tw do (c6 pKa 6,5 va tao taa tai pH 6-6,2) trong
axit mat thé ma thay vao d6 thu dugc DCA & dang
lién hop la axit glycodeoxycholic (GDCA, t = 6,247;
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450,1), acid taurodeoxycholic (TDCA, t =

Phan Thanh Thdo va céng su

7,420; miz = 517,2) [7].
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Hinh 1: (A) Sac ki d6 HPCL-MS cua axit mat thd; (B) Phd MS cua axit cholic, glycocholic va taurocholic
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Hinh 2: Sic ki @6 HPLC cua két taa | (a) va két taa 11 (b)

Bang 1: Thanh phan axit tu do va axit lién hop trong 4,6 g axit mat thd

Thanh phan trong axit mat Thanh phan DCA ty do va Thanh phan CA ty do va
thé DCA trong axit lién hop CA trong axit lién hgp Ham lugng K
’ Ham Khéi lwong trong Ham Khoi lugng trong | Ham | trong CA hi g;
Khéi lugng (g) | luong axit mat thé (g) luong axit mat thé (g) lugng | tong (%) ;
(%) (%) (%)
CA 043 | 949 DCA 0 0 CA 043 | 949 2914 | my
GCA 0,32 7,12 DCA tu CAtu *
TCA 097 | 21.26 GDCA 0,68 | 14,33 GCA 0,28 | 6,24 19,18 | m3
DCA 0 0 DCA tu CAtu *
GDCA 0.75 | 1647 TDCA 0,75 | 15,83 TCA 0,77 | 16,82 51,68 | my
TDCA 0,93 | 20,23 DCA tong 1,44 | 30,16 CA tong 1,49 | 32,55 100,00 | m,

“m3 va m4 Ia khéi lwong axit cholic tach tir axit lién hop twong tng GCA va TCA: m, =my + ms + m,
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Diéu nay hoan toan hop ly véi thuc nghiém khi
tai pH 6 khong xuat hién két tua cua DCA tu do.
Thanh phan axit ty do va axit lién hop trong axit mat
th6 dugc thé hién trong bang 1.

Phan tng thay phan nham muc dich st dung
nhiét do dé cat dut lién két gitra cac axit mat voi céc
nhém tauro- va glyco-, & méi truong kiém phan tng
nay s& tao mudi kiém cua cac axit mat (CA va
DCA), c4c mudi nay tan trong nuéc [8]. Sau do, axit
hoa dén pH thich hop dé tach loai cac axit DCA pKa
= 6,5 duoc tach 6 ¢ pH 6-6,2 va CA pKa=5,2 ¢ pH
3 [10].

5 g acid mat thd dugc hoa tan trong 20 mL dung
dich NaOH 1 N, gia nhiét dén diéu kién khao st va
thuc hién phan tng thay phan trong binh cau c6 gan
sinh han hoi luu, va theo ddi phan ung theo thoi
gian. Lam nguoi dung dich phan tmg dén 60 °C, axit
hoa dén pH 8,5 thu duoc 0,4 g két tua acid béo.
Dung dich sau loc duoc lam ngudi dén nhiét do
phong, axit hoa dén pH 6 tao két tua I, loc, siy thu
dugc bot rin ma (g) dwoc xac dinh trén phd do
HPLC-MS 1a hdn hop DCA va CA (hinh 3a). Tiép
tuc acid hoa dung dich sau loc dén pH 3 thu duogc
két taa 11, loc siy va thu duoc mg (g) bot rin xac
dinh trén phé HPLC-MS thanh phan chu yéu 1a CA
(hinh 3b).

Céc axit lien hop c6 pKa thap, khong bi tia ra
trong méi truong pH 3 nén con lai ¢ dang hoa tan
trong dung dich qua loc [10]. Khéi lugng CA (Mmca)
va DCA (mpca) trong axit mat thé duge xac dinh
nhu sau:

@

(9)

Két qua nghién ctru nay 1a khao sat cac diéu kién
phan tng thuy phan mat bo dé thu dugc luong CA
t6i wu. Do d6 hiéu suat (y) cua phan ang thuy phan
dugc xac dinh trén lugng CA tu do thu duoc sau
phan tng thay phan (m,’) so véi luong CA tong co
trong axit mat thd (my), hiéu suat phan tng duoc
tinh theo cdng thac sau:

(M
m2

2.3. Phwong phap phan tich

Mca =My’ = mca; + Mcaz
Mpca = Mpea1 + Mpcaz

] x100 (%) (1)

Thanh phan axit mat tho duoc xac dinh bang sic
ky long cao ap kém dau do khbi phd HPLC-ESI-MS
Agilent 1260-6120B, cot Zorbax Eclipse Plus C18
4,6x150, 1,8 um, hé pha doéng axetonitril: axit
formic 0,1 % (40:60), téc do dong pha dong 0,5
ml/phdat.

Ham lugng axit cholic trong axit mat thé dugc
xac dinh theo dudng chuan axit cholic xay dyng trén
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thiét bi sic ky long cao ap Agilent 1260 HPLC-
ELSD, cot Zorbax Eclipse Plus C18 4,6x250,5 pum,
h¢ pha dong axetonitril:amonium axetat 50 mM, pH
3 (40:60), toc do dong pha dong 1 ml/phdt, nhiét do
héa hoi dung moéi 60 °C, téc do dong khi N, 1,6
mL/phat.

2.4. Phwong phap thong ké

2.4.1. Lya chon nhan to dgc lap anh huong dén ham
muyc tiéu y (hiéu suat thuy phan)

Trong nghién ctu nay st dung phan mém
Design-Expert 7.0 dé phan tich, xay dung phuong
trinh hdi quy va giai bai toan t6i vu. Bai toan ti uu
dugc lap dua trén phuong trinh hdi quy xac dinh
bang phuong phap quy hoach thyc nghiém la ham
mo ta sy phu thudc cua hiéu suét thuy phan vao céac
nhan té: nhiét do thay phan (73,18-106,82), ndng do
NaOH (1,59-18,41) va thoi gian thuy phéan (3,64-
10,36).

2.4.2. Phan tich thong ké

M6 hinh toan hoc dugc chon biéu dién su phu
thudc caa hiéu suat thuy phan vao cac nhan t6 duoc
ma hoéa la phu’ong trinh da thuc bac hai C(') dang:

y="h +be +Zb,,x +Zbeixj

i=1 j=1+1
Trong do y la h1¢u suét cia qua trinh thuy phan dugc
xac dinh theo cong thirc (1):

y=H z(&
m2

Xi 1an luot 14 nhiét do thuy phan, ndng do NaOH va
thoi gian phan tng thuy phén; bj la cac h¢ so bac 1;
bIJ 1a cac h¢ sO twong tac cua timg cap yéu t6; bii Ia
cac hé s6 bac 2; X;, X.J, Xii 1a cac bién doc lap. Kiém
dinh sy tuong thich cta dit liéu theo mo6 hinh va dit
liéu thuc nghiém duogc thuc hién.

JxlOO

2.4.3. S6 thi nghiém

S6 thi nghiem N = 2 + 2k + 6 (N = 20 vdi k =
3). Trong d6, k 1a s6 bién sé doc 1ap va 2k 1a sé thi
nghiém bd sung tai diém sao. Khoang cach tir tam
dén diém sao a = 2"* (a = 1,68 véi k = 3). Céc thi
nghiém duoc thuc hién & ndam muc (-a, -1, 0, +1, +

o).
3. KET QUA VA THAO LUAN

3.1. Anh huéng ciia cac diéu kién thity phan dén
hi¢u suat
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3.1.1. Anh hwéng cua nhiét do thity phan

Hinh 3 1a cac duong ddng muc thé hién sy anh
huong cua céc yéu té khao sat dén hiéu suat thuay
phan. Thuc hién phan @ng tai 80 °C hiéu suat phan
tng chi dat 50,11 %, tiép tuc khao sat tang dan nhiét
d6 phan ung, thi hiéu suit thiy phan dat cao nhat &
90 °C dat 96,97 %. Khi ting nhiét do cao hon, hiéu
suat giam, do & nhiét do cao, phan ung thuy phan
xay ra manh hon, khong chi pha v lién két cua
nhom tauro- va glyco- trén cau tric phan tir axit
cholic va axit deoxycholic ma phan ung thuy phéan
con xay ra trén mot s6 cac thanh phan khac va ca cac
axit mat tu do, lam thay d6i cau trdc axit mat, két
qua lam giam hiéu suét thu duoc axit cholic ty do.

3.1.2. Anh hwéng cua nong dé NaOH

Higu suat thiy phin (%)
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Nong @ NaOH c6 anh hudng quan trong dén
hiéu sut thiy phan. Tang ndng d6 NaOH lam ting
dang ké hiéu qua thiry phan, tuy nhién khi nong do
NaOH tang vugt muc gidi han s€ ¢ tac dung ngugc
va lam giam hiéu suat thiy phan.

3.1.3. Anh hwong cua thoi gian thiy phan

Hiéu suét thuy phan ting khi ting thoi gian phan
ung, va phan ing thiy phan dat bdo hoa sau 9 gio.
Tang thoi gian phan ung khong lam ting hidu suat
thuay phan.

2.5. Xac dinh diéu kién tdi wu cia phan @ng thiy

phan mat bo bang quy hoach thuc nghiém theo
phwong phap RSM két hgp véi md hinh CCD
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Hinh 3: Cac duong dong mtrc (a), (b), (¢) va dd thi 3D (d), (e), (f) (3D response surface) cho biét anh huong
ctia c&c cap yéu td dén hiéu suat thay phan mat bo; (a) va (d): nhiét do thuy phan — nong d6 NaOH;
(b) va (e): thoi gian — ndng do6 NaOH; (c) va (f): thoi gian — nhiét do thuy phan

Bang 2: Cac diém t6i vu dugc do tim (khi ¢é dinh mét nhan td)

Céc cap nhan t6 tuong tac Nhan t6 ¢ dinh

Hiéu suét

thiy phan (%) Gia tri nhan to tuong tac

Nhiét 6 thuy phan —

Nhiét d¢: 92,35 °C

gian thuy phén

Néng d6 NaOH Thoi gian thiy phan (7 gio) 98,86 Néng do NaOH: 10,38 %
Nhiét do thiy phan — Thoi | s .« . Nhiét do: 93,09 °C
gian thuy phén Nong do NaOH (10 %) 98,66 Thaoi gian: 7,63 gio

X ~ — : X ~. 0
Nong ¢ NaOH — Thoi Nhiét do thiay phan (90 °C) 98.91 Nong d6: 11,04 %

Thoi gian: 7,25 gio

Phan ung thuy phan chiu anh huong tir ba nhan
t6 nhiét do, ndng d6 NaOH va thoi gian thuy phan.
Hiéu suét thuy phan thé hién muc do chuyén hoa
axit mat lién hop vé dang axit tu do (axit cholic, axit
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deoxycholic), c6 ¥ nghia quan trong trong qua trinh
thu hoi cac axit ty do. Do d6, toi wu hoa phan tng
thity phan véi cac théng sb nhiét do, ndng do6 NaOH
va thoi gian thay phan nham chon duoc cac diéu



TCHH, 55(1) 2017

kién ky thuat phu hop cho qué trinh thuy phan mat
bd véi hiéu qua cao nhit. Mo hinh toan hoc mé ta
méi quan hé giira hiéu suit phan ang thay phan voi
cac bién ma héa nhu sau:

Y = 95,80 + 15,23X; + 11,75X, + 5,75X; + 8,90
X1 X, — 14,69X,% — 16,92 X,2 — 7,99X5° (2)

Phan tich théng ké cho thdy céc gi4 tri P cua
bién doc lap bac 1 va bién doc lap bac 2 X;% X%,
X3*déu nhé hon 0,05 cho thidy mirc d¢ ¥ nghia cao
ctia cac thanh phan nay tham gia vao phuong trinh.
Hé s6 xac dinh R®=0,9436 cho biét 94,36 % su bién
d6i cua hiéu suét thuy phan la doanh huong cua cac
bién doc lap nhu nhiét do thay phan, nong ¢6 NaOH
va thoi gian thiy phan, chi c6 5,64 % sy thay doi la
do cac yéu té khong xac dinh dwoc gy ra (sai sb
ngau nhién). DS thi cac dudng ddng mirc (contour) &
hinh 3 a,c.e duoc xay dung trén co sé giit ¢6 dinh
thoi gian, nhiét 6 va ndng do NaOH tuong tmg. D6
thi hinh a va b cho thiy khi ting nong d6 NaOH,
hiéu suat thiy phan c6 xu huéng giam. Diéu nay la
do ¢ mai truong kiém cao, phan ung thuy phan xdy
ra khong chi ¢ cac lién két tauro- va glyco- dé
chuyén hoéa acid mat lién hop vé dang tw do ma phan
ing thuy phan con xay ra trén CAu tric cac axit mat
lam thay ddi cau tric cua axit cholic va axit
deoxycholic. Tir cac md hinh bé mat dép tng dugc
xay dung thyuc hién do tim cac diém téi wu tir cac d6
thi. Cac diém t6i vu dugc do tim tir cac d6 thi bé mat
dap ung (khi ¢ dinh mot nhan t6 va chon cap nhan
t6 twong tac) dwoc trinh bay ¢ bang 2. Két qua cho
thiy hiéu suat thay phan téi wu dat duoc trong
khoang 98,66-98,91 %, khi thyuc hién ¢ cac diéu kién
nhiét d6 92,35 °C, néng d6 NaOH 10,38 % trong
thoi gian 7,25 gio.

4. KET LUAN

Két qua nghién ctu cho thiy co thé thiét lap
dugc tuong quan tét gitra ham luong axit cholic ty
do chuyén héa tir cac axit lién hop trong qué trinh
thity phan véi nhiét do, nong do NaOH va thoi gian

Lién hé: Phan Thanh Thao
Vién Cong nghé Héba hoc

Téi wu héa phan vmg thaiy phan...

thiy phan. Md hinh bé mit dap ung duoc sir dung dé
t6i wu hoa cac diéu kién thiy phan mat bo bang dung
dich NaOH. Hiéu qua thiy phan cao nhat dat dwoc ¢
cac diéu kién nong d6 NaOH 10,38 %, nhiét do
92,35 °C va thoi gian 7,25 gio. Véi cac diéu Kign
dugc chon, ham lwong axit cholic tu do dugc chuyén
hoa dat dugc 1a cao nhét (98,66-98,91 %) sau phan
ung thuy phan.
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