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VONG HOA TAO GAMMA CYCLODEXTRIN O TRANG THAI PHUC
VOl METYLETYL XETON VA 1-NAPTHOL
GAMMA CYCLODEXTRIN PRODUCTION USING SOLVENT-COMPLEXING AGENTS
(METHYETHYL KETONE AND 1-NAPHTHOL)

Phgm Thu Thay, Nguyén Lan Hwong, Pao Thi Thanh Thiiy
Truong Pai hoc Bach khoa Ha Ngi

TOM TAT
Cyclodextrin (CDs) c6 céu tric vong gdém 6, 7, hodc 8 don vi glucoza trong phan ti, dé chinh la
a, B, va y-CD. Do cdu trac hinh nén cut nén cac CDs c6 kha nadng tao phirc véi nhiéu hop chét hiu co,
va lam thay déi nhirng déc tinh hoéa ly cia cac khach thé. Vi vay, CDs c6 nhiéu ¢ng dung quan trong
trong cdng nghiép thuc phdm va my phdm. Gamma-cyclodextrin (y—CD) la mét trong nhitng CDs duoc
umg dung réng réi, do cé kich thuwéc vong 16m, hoa tan tét trong nwéc va linh hoat sinh hoc hon céc
CDs khéac. y—CD khéng nhing dwoc téng hop ter dich thdy phan tinh bét & dang tw do, ma con duwoc
vong hda bang cac tac nhan tao phic. CAc tac gid da nghién ctu céc didu kién vong héa tao y—CD &
trang thai phic véi metyletyl xeton (MEX) va 1-napthol. Phuong phdp bé mét dép umg véi b tri thi
nghiém kiéu tdm xoay déi xirng da duroc str dung nham téi wu diéu kién vong hoa. Céc bién duoc thay
doi dé la: néng d6 enzym, théi gian vong héa tw do, nhiét d6 va ty 1é phiic st dung vong héa tao phic.
Phan tich théng ké cho thdy, ty 1é chat tao phirc c6 dnh hwéng nhiéu dén hiéu suét tao y—CD Piéu
kién téi wu cho qué trinh vong héa: nbng do enzym (2%), théi gian (30 phat), nhiét do (55°C) va ty é
chét tao phuc(30%). Hiéu suét tao phirc )—CD dat 66,4 + 1,57% theo md hinh téi wu, va 64,6% bang

thyre nghiém.
ABSTRACT

Cyclodextrins (CDs) are closed-ring structure containing six, seven or eight glucose units, and
known as ¢, 5, and y-CD, respectively. Due to their caverned structure, CDs can easily form inclusion
complexes with many organic substances which can change the physicochemical properties of the
guest molecule. This property makes CDs become increasingly important in the food and
pharmaceutical industries. Gamma-cyclodextrin (y—CD) is the most widely used because of its larger
cavity, higher water solubility, and more bioavailability than other cyclodextrins. A process for
producing y—CD from starch hydrolysate solution with cyclodextrin glycosyltransferase (CGTase) and
presence of methyethylketone and 1-naphthol was studied. Response surface methodology and
central composite rotary design was employed to optimize y—CD production from liquefied starch using
solvent-complexing agents. The four variables involved in this study were: amount of CGTase,
reaction time, temperature and amount of solvent-complexing agents. The statistical analysis of the
results showed that the amount of solvent-complexing agents had a significant effect on y—CD
productivity. The optimized conditions were found to be comprised of: amount of CGTase (2%),
reaction time (30 min), temperature (55°C), and amount of solvent-complexing agents (30%). The
yield of y—CD complex was obtained 66.4+1.57% by model, and 64.6% by experiment.

I. MO PAU nho dic tinh quan trong nay, CDs ¢6 nhiéu tng
dung to 1én trong cac nganh cong nghiép co ban.
Dong thoi, ciing nho vao kha ning tao phic ma
qua trinh tong hop va tach cac CDs dé dang hon
nho két hop dic hiéu voi chét khac. Qué trinh
tong hop y-CD thuong sir dung hai tac nhan tao
phtrc. Dich tinh bot sau khi dugc xir Iy bang
enzym vong hoa s& bé sung dong thoi hai tac
nhan tao phtc. Tac nhan dau tién 1a mot xeton
béo (aliphatic ketone) hay la ruwou béo
(aliphatic alcohol) va tac nhan tha hai 1a hop

Cyclodextrins (CDs) c6 thé tao phuc voi
nhiéu hop chat khac nhau bao gém céc hop chat
béo, cac aldehyt, axit hiru co, cac chat thom,
chat khi, cac hop chit phan cuc nhu halogen,
oxit axit va amin. Py 1a hién tugng mot chat
“khach thé” bi gir, bi bao boc trong 16 hang cua
phan tir cha thé CDs. Phiic bao CDs lam thay
dbi dac tinh hda ly cua cac chat khéach thé, tur
nhiing thay doi 4y ta c6 thé sir dung nhiing chat
khach thé & mot vai trd méi hiru ich hon. Chinh

97



TAP CHI KHOA HQOC & CONG NGHE CAC TRUONG PAI HQOC KY THUAT & SO 74 - 2009

chat vong chira 12 nguyén tur cachon [4]. Nhiéu
nghién ciu da chi ra rang, bo sung chét tao
phac véi y-CD trong qua trinh vong hoda sé
giam ndng d6 y-CD tu do ¢6 trong dung dich,
khi d6 phan tng vong hoéa sé wu tién tao y-CD.
Seres va cong su (1989) da bd sung chat tao
phtic sau mot thoi gian vong héa 50 phat, két
hop 2 tdc nhén phac nhue MEX va 2,4-dimetyl
phenol (2,4-DMP), MEX va 2,6-DMP, MEX va
1-naphtol, MEX va 2-naphtol véi ty 1¢ gitra
chang 1a 1:1 vé khéi lugng  luong, tong khéi

lugng 2 phirc chiém 10% so véi co chat tinh bot.

Két qua cho thiy cip phic cho hiéu suat cao
nhét 1a cap phirc MEX va 1-naphtol, hiéu suat
thuc té 12 35% phirc y-CD thé tinh theo khdi
lugng nguyén li¢u [3]. Trong nghién ctu nay
ching tdi ti wu diéu kién vong hoa tao y-CD &
trang thai phac voi mong mudn nang cao hiéu
suit tao y-CD.

Il. NGUYEN VAT LIEU VA PHUONG
PHAP NGHIEN CUU

2.1 Nguyén vat li¢u

- Tinh bét san: sir dung tinh bot san & tinh Tay
Ninh [1].

- Ché pham TORUZYM 3.0L (3KNU/g) dang
long, hang Novo (Pan Mach) cung cap.

-Cac hoa chat phan tich: a-, -, y-cyclodextrin
chuan (Sigma-Aldrich); thuoc thu Bromocresol
Green (BCG, Trung quoc).

- Héa chat: MEX, 1-naphtol (Trung qudc).
2.2 Phwong phap phan tich

Higu suét tao phitc y-CD duoc tinh bang
lugng phtc y-CD nhan dugc sau khi say kho
trén khoi lugng tinh bot san sir dung.

2.3 Phwong phap nghién ctru

- 100 ml dich tinh bot thuay phan nhan dugc
trong cac cac diéu Kién nhu sau: nong do tinh
bot: 10g; CaCl, 0.3mg; enzym Toruzym: 0,2
ml; pH: 6,0; nhiét @6 dich hoa: 80°C; thoi gian
dich hoa: 40 phut. Sau khi dich héa, v hoat
enzym & 120°C trong thoi gian 10 phat [1].

- Qua trinh tao phtic vong y-CD dugc thyc hi¢n
theo so @6 hinh 1.

Dich tinh bt sian thiy phan

Giai doan tao y-CD tw do
pH =75, T=65°C
Nong dé enzym:1-2%

!

Giai doan tao phire vong y-CD
pH=7,5; T = 35-55°C
Ty 1€ MEX:1-naphtol (1:1) = 10-30% tinh bét
Khuay 300 vong/phut

A 4

V6 hoat enzym, gan loc két taa, say khd

!

Can lwgng phac vong y-CD

Hinhl. So dé qué trinh vong héa tao y-CD ¢
trang thai phuc

- Phuong phdp quy hoach thuc nghiém: Bén
yéu t6 lya chon dé xay dung md hinh téi wu cho
hiéu suit tao phirc gitta y-CD va hdn hop chét
tao phac MEX va 1-napthol cao la cac yéu t6 co
anh huong manh dén kha nang vong hoéa tao y-
CD: ndng dd enzym, thoi gian vong héa tao y-
CD tu do, nhiét d6 vong hoéa véi hon hop chat
tao phuc, ty 16 hdn hop chit tao phuc so véi
khdi lwong nguyén liéu. Thi nghiém dugc bd tri
theo ma tran trinh bay ¢ bang 1. Két qua duoc
xt ly bang chuong trinh Design-Expert 7.1
(Stat-Ease, USA) [2].

Bang 1. Thi nghiém tién hanh va két qua

©
(e}

NONG  Thoi  Nhiet Tyle Higu
TT  enzym gian do phic suat
o ORI (O 8 (%)
1 20 30 55 10 300
2 10 30 35 30 59,6
3 20 30 35 10 338
4 20 80 55 10 320
5 15 55 25 20 47,0
6 15 5 45 20 542
7 15 55 45 0 0,0
8 15 55 65 20 41,0
9 05 55 45 20 558
10 1,0 30 55 10 318
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Nong

do Thoi  Nhiét Tylé Higu
TT  enzym gian do phuc suat

%) Ghi) () (%) (%)
11 1,0 80 55 10 33,0
12 2,0 30 55 30 64,6
13 15 55 45 20 56,8
14 15 55 45 20 56,8
15 15 105 45 20 55,0
16 15 55 45 20 56,8
17 1,0 80 35 10 43,6
18 1,0 30 35 10 31,0
19 2,0 80 35 30 42,6
20 2,0 80 55 30 64,8
21 2,5 55 45 20 62,3
22 1,0 80 55 30 64,0
23 1,5 55 45 40 53,4
24 2,0 80 35 10 30,4
25 1,0 30 55 30 62,6
26 15 55 45 20 56,8
27 2,0 30 35 30 64,4
28 1,0 80 35 30 53,0
29 15 55 45 20 56,8
30 15 55 45 20 56,8

I11. KET QUA VA THAO LUAN

3.1 Kha nang tao phac cia MEX + 1-naphtol
véi CDs va glucoza

DPé nghién cu kha ning tao phuc cua
hén hop MEX va 1-naphtol véi cac thanh phan
trong dich tinh bot thiy phan dua vao qua trinh
vong héa, ching tdi tién hanh cho lan luot a-,
B-, y-CD chuan va glucoza tinh khiét (0,05g)
vao 50 ml nudc cit, nang nhiét do cua dich 1én
40°C va bd sung 4% chét tao phac. Lic déu
trong 24 gio. Quan sat két qua thu dugc (bang
2).

Bang 2. Kha nang tao phic cua MEX +1-
naphtol voi CDs va glucoza

Mau Kha nang tao phac véi MEX
+ 1-naphtol
a-CD Khéng tao phuc
B-CD Khong tao phirc
y-CD Tao phic mau trang duc, két
tua lang tur tir xuong day
Glucoza Khdng tao phirc
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Két qua quan sat cho thay chi c6 y-CD
tao phac voi MEX+1-naphtol, con a-, B-CD va
glucoza khéng cé hién tugng tao phuc trong
diéu kién vong hda. Nhu vay luong phtc nhan
dugc trong thyc nghiém la phirc vong y-CD, két
qua nay cling phu hop véi nghién ciru cua Seres
va cong su [3].

3.2 Thoi diém bé sung hdn hep chit tao phic

Nghién ctiu lya chon thoi diém bo sung
hon hop chat tao phac cho hiéu suat tao phic
vong y-CD cao chiing toi bo sung hdn hop chat
tao phirc (10% so véi tinh bot) sau khi tién hanh
vong hoa tao y-CD tu do dwoc 30, 50, va 80
phuat [3], qué trinh tao phirc vong y-CD dugc
tién hanh trong 36 gio tiép theo.
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Thoi diem bo sung hon hop chat tao phuc (phut)
Hinh 2. Anh hwong cua thoi diém bé sung hon
hop chat tao phize dén hiéu suat tao phirc vong
y-CD

Hinh 2 cho thdy khi bd sung hdn hop
chat tao phuc sau 50 pht thi hiéu suat ting 1én
1,08 1an so véi bd sung phuc sau 30 phat, sau
80 phut thi hiéu suét tang 1,19 1an so voi 50
phat. Nhu vay thoi diém bd sung hdn hop chat
tao phirc c6 anh hudng dén hiéu suit tao phirc
vong y-CD.

3.3 Thai gian tao phic vong

Dé xac dinh thoi gian tao phtc vong vy-
CD triét dé chiing toi da tién hanh b6 sung hdn
hop chét tao phirc (10%) sau 50 phdt vong héa
tu do, va thay ddi thoi gian tao phurc vong tir 12
dén 72 gio (hinh 3). Két qua cho thay hiéu suat
tao phirc vong téi da ¢ 36 gio.
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Hinh 3. Anh huong cia thoi gian tgo phiic
vong den higéu suat tqao phuc vong y-CD

3.4 Ty 1& hén hop chét tao phirc

Tién hanh bd sung hdn hop chit tao phuc
(MEX+1-naphtol) sau 50 phat vong héa tu do,
ty 1& hdn hop chat tao phirc ting tir 8% dén 30%
S0 Véi tinh bot, va git thoi gian tao phuc vong
36h. Két qua hinh 4 cho thiy, ty 18 hdn hop chat
tao phtrc cang ting thi hidu suat tao phuc vong
cang tang.
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Ty le hon hop chat tao phuc (%)
Hinh 4. Anh hieong cua ty 16 hon hep chdt tao
phite dén hiéu sudt tao phizc vong y-CD

Dé nghién ciu diéu kién t6i vu cho qua
trinh tao phtrc vong y-CD chlng t6i chon thoi
gian tao phtc vong y-CD (36h), dong thoi xét
dén anh huong cua thoi gian vong héa tao y-CD
tu do (30-80 phdt), ty 1& hdn hop chét tao phirc
(10-30%). Ngoal ra luong phac vong y-CD
nhan duoc con phu thugc vao nong do enzym
CGTase dua vao va nhiét do giai doan tao phic
vong v-CD [3], do d6 ching t6i thay doi nong

do enzym (1-2%) va nhiét d6 tao phuc vong
(35-55°C).

3.5 Téi wu diéu kién vong hoa tao y-CD

Hiéu suét tao y-CD khi thay ddi cac yéu
t6 anh huong duoc trinh bay trén bang 1 cho
thay hiéu suat dat duoc tir 0% dén 64,8%. Phirc
vong y-CD khéng tao thanh khi ta khéng su
dung hdn hop cht tao phic trong qua trinh
vong hoa, nhu vay hén hop chit tao phac cd
anh huang noi troi dén higu suét tao y-CD trong
qua trinh vong hoa. Tuy nhién dé xem xét mot
cach téng thé can phai tinh dén hé s hdi quy va
bé mat dap (ng cua phuong trinh hi quy.

Bang 3. Két qua phan tich hoi quy

Thong s6 Phuong  Chuan Mtc co
sali F nghia
(p>F)

M0 hinh 45251 29,07 <0,0001
A-Ndng do E 0,38 0,024 0,8787
B-Thoi gian 6,83 0,44 05179
C-Nhiét do 6,41 0,41 0,5308

D-Tyléphac  4181,76 268,65 < 0,0001
AB 62,41 4,01  0,0637
AC 16,00 1,03  0,3267
AD 6,76 0,43  0,5199
BC 36,00 231  0,1491
BD 96,04 6,17 0,0253
CD 146,41 9,41 0,0078
A2 9,94 0,64 0,4366
B2 7,15 0,46 0,5084

) 273,96 17,60  0,0008

02 1536,86 98,73 <0,0001

D
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Murc c6 nghia théng ké ciia mo hinh duoc
dya vao chuan F cua phan tich ANOVA, theo
két qua thu duoc & bang 3 cho thay, murc do tin
cdy cua mo hinh la 99% hay mirc c6 nghia
p<<0,05. Chuan F cta md hinh bang 29,07
cling khang dinh mé hinh 14 c6 nghia. Hé s6 hdi
quy boi (R?) cua phuong trinh 1a 0,9645. Céc
phan tich thong ké cho thay, khi cac bién thay
do6i trong khoang bién thién thi ty 1& hdn hop
chat tao phuc ¢ anh huong nhat dén hiéu suat
tao phiic vong y—CD, diéu d6 thé hién ¢ mirc c6
nghia p<0,0001. B& mat dap @ng cua thi nghiém
tam xoay d6i xtng dwoc biéu dién theo mé hinh
bac 2.

Hi¢u suit tao phuac vong y-CD (Y) =
56,80-0,13A-0,53B+0,52C+13,2D-1,97AB+
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1,0AC+0,65AD+1,5BC-2,45BD+3,03CD
+0,6A2-0,51B2-3,16C2-7,49D2

Hinh anh khong gian 3 chiéu bé mat dap
g cua hiéu suat tao phic vong y-CD di duoc
biéu dién & hinh 5. Phan tich bé mat dap tung
cia Y cho thiy diém cho hiéu suit tao phiic
vong y-CD cao nhét (66,4 £1,57%) la diém co:
nong do enzym (2%), thoi gian vong hoéa (30
pht), nhiét d6 (55°C), va ty 1é hdn hop chat tao
phuc (30%). Két qua kiém tra lai bang thuc
nghiém tai diém t6i wu cho hiéu suét tao phuc
vong y-CD dat 64,6%, cao hon so véi két qua
ciia mot s tac gia truge. Theo nghién ciu cua
Seres va cac cong su (1989), hiéu suit phic
vong y-CD chi dat dugc 35% [3], hay 43,5% [4]
trong thi nghiém cua Shieh (1996). Sy khac biét
dugc giai thich c6 thé do ty 18 hdn hop chat tao
phac sir dung trong cac nghién ctu nay chi
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dimg 10%. Tuy nhién day méi chi dé cap dén
phirc vong y-CD thd, viéc tach va tinh ché y-CD
tir phicc can dwoc nghién ctu dé hoan chinh
cong nghé tong hop va tinh ché y-CD.

IV. KET LUAN

Vvong hda y-CD bang phuong phap tao
phtrc da cho két qua kha quan. Sir dung phuong
phap quy hoach thuc nghiém véi phuong phap
bé mit dap wng cua mo hinh téi wu bac 2 ching
toi da tim duoc diéu kién tdi wu cho qua trinh
vong hoa tao y—CD & trang thai phirc: ndng do
enzym (2%), thoi gian vong héa bang enzym
(30 phat), nhiét @6 vong héa (55°C), va ty lé
hdn hop chat tao phic (30%). Hiéu suét tao
phtic y—CD dat 66,4%1,57% theo mo hinh tbi wu
va 64,6% theo thuc nghiém.

Hieu suat tao gamma-CD tho
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C: Nhiet do

15.00 20.00

10.00 " 35.00

B: Thoi gian D: Ty le phuc

Hinh 5. Bé mdt ddp 1ing cua hiéu sudt tao phitc vong y-CD (Y).
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