TNU Journal of Science and Technology 227(10):9- 16
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Response surface methodology using a Box-Behnken design was
employed to optimize the conditions for extraction of alkaloids from the
rhizomes of Curcuma zedoaria. Alkaloids from the rhizomes of Curcuma
zedoariaare subjected to ultrasonic-assisted extraction. Four independent
variables such as: ultrasonic temperature, ethanol concentration, material/
solvent ratio, and ultrasonic time were investigated. In which, ultrasonic
temperature, ethanol concentration, and ultrasonic time have a lot of
influence on alkaloids contentand and are used to optimize for rhizomes
of Curcuma zedoaria. The results showed that the experimental data
could be fitted to a quadratic polynomial model using correlation analysis
of the mathematical regression model. Response surface plots showed
that all independent variables significantly affected the alkakoid content
extracted from rhizomes of Curcuma zedoaria. The optimum extraction
conditions were as follows: ethanol concentration of 69% (v/v), ultrasonic
temperature of 62°C, ultrasonic time of 15 min, and the ratio of material
to solvent of 1:30 (w/v) . The alkaloids content yield under the optimum
conditions was found to be 289.25+0.43 mg AE/g extract, which agreed
with the predicted value of 288.24 mgAE/g extract.
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Phuong phép dap (ng bé mat &p dung thiét ké Box-Behnken da duoc
st dung dé téi wu hoa cac diéu kién chiét xuat alkaloid tir than ci
nghé den. Alkaloid tir than ci nghé den duogc chiét xuét vai sy hd tro
cuia séng siéu am. Bon bién s doc lap gom: nhiét do siéu &m, nong
do6 ethanol, ty 1€ nguyén liéu/ dung moi va thoi gian siéu am da dugc
khao sét. Trong do6, nhiét d6 siéu am, nong do ethanol va thoi gian
siéu am c6 anh huong nhidu dén ham luong alkaloid va duoc st dung
dé t6i vu hoa cho than ci nghé den. Két qua cho thy, dir liéu thyuc
nghiém phi hop véi mé hinh da thirc bac hai bang cach sir dung phan
tich twong quan ciia md hinh hdi quy toan hoc. Céc biéu do bé mat
dap ung cho thay, cac bién doc 1ap anh huong dang ké dén ham
lwong alkakoid chiét xuat tir than cu nghé den. Cac diéu kién chiét
Xuat tdi uu nhu sau: ndng do ethanol 69%, nhiét do siéu am 62°C,
thoi gian siéu am 15 phdt va ty 1é€ nguyén liéu so véi dung moi la
1:30 (w/v). Ham luong alkaloid trong diéu kién tbi wu dugc xac dinh
la 289,25+0,43 mg AE/g cao chiét, phd hop véi gia tri du doan la
288,24 mg AE/g cao chiét.
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1. Giéi thiéu

Alkaloid 12 mot nhém da dang vé cAu trdc caa cac chat chuyén hoa thi cap chira nito voi su
phan bd twong dbi rong trong tu nhién va pham vi hoat dong sinh hoc da dang [1]. Céc hop chat
thuoc nhom alkaloid rat phd bién trong thuc vat va thuong duoc ly trich dé 1am thude chita bénh.
Trong y hoc hién dai, nhiéu alkaloid va cac dan xuat cua alkaloid da duoc @ng dung lam thudc va
tham chi nhiéu alkaloid hién dang dugc diéu tra trong céc thir nghiém 1am sang dé lya chon cac
alkaloid quan trong dé diéu tri nhiéu bénh tat nguy hiém [2], [3]. Nhu cau sir dung alkaloid cho y
hoc 12 rat nhiéu, tuy nhién viéc phan lap cac hop chat alkaloid véi s6 lwong lon la rat ton kém va
mét thoi gian, ngay ca khi c6 thé phan 1ap duoc trén quy mo cong nghiép [1]. Do do, viéc nghién
ctru dé t6i wu hoa quy trinh chiét xuat alkaloid dang dugc cac nha khoa hoc hét strc quan tam.
Hién nay dé tdi wu hoa cac diéu kién ly trich hop chat thién nhién, cac nha khoa hoc thuong ap
dung phuong phap dap tng bé mit (Response Surface Methodology, RSM). Box va Wilson da dé
Xuat str dung phuong phap dap tng bé mat vao nim 1951, day 1a mot phuwong phép t6i wu hoa
cho thiét ké thi nghiém toan dién va md hinh toan hoc, da dwoc ap dung rong réi trong viéc chiét
Xuit cac hop chét thién nhién tir thuc vat do wu diém 1a c6 d6 chinh xac cao va hiéu suat du doan
t6t [4], [5].

Nhiéu loai thuc vat thudc chi Curcuma di duoc ching minh dong vai trd quan trong trong
diéu tri nhiéu bénh tat nguy hlem [6]. Trong do, cdy ngh¢ den (Curcuma zedoaria) s¢ hiru cac
hoat tinh khang oxy hoéa, khang nam, khang khuan va khang viém t6t [7]-[9]. Céc dac tinh dugc
cuia cdy nghé den 1a do sy hién dién cua cac thanh phan da dang nhu polyphenol, flavonoid va
alkaloid [10]. Nhan thy tam quan trong cua cac hop chat thién nhién trong cay nghé den, mot sb
nghién ctru di tién hanh téi wu hoa diéu kién chiét xuat cac hop chét thién nhién tir loai thuc vat
nay. Trong d6, nghién ctru cua Azahar va cong su (2017) da tién hanh téi wu diéu kién chiét xuat
t6i wu dé ly trich polyphenol va flavonoid tir 14 nghé den [11]. Trong khi d6, nhitng nghién cau
t6i wu hoa diéu kién chiét xuat alkaloid tir than ca nghé den van chwra dugc quan tdm nghién ctu.

2. Vit li¢u va phwong phap nghién ctru
2.1. Vat ligu

Nghé den dugc thu ldy than cu tai huyén Thanh Pha, tinh Bén Tre, Viét Nam. Nghé den dugc
dinh danh va luu trit tai phong thi nghiém Hoéa Sinh Lam Sang (Phong C11.105), bo mon Hoa
Sinh, Khoa Y - Dugc, truong Pai hoc Tra Vinh véi ma so luu trir 1&: BT_Cze202001010010.

2.2. Phwong phdp nghién ciru
2.2.1. Xar Iy nguyén liéu va xdc dinh dé am

Sau khi xt ly nhém nghién ctru da thu duoc 6,25 kg than ca nghé den twoi. Sau d6, than cu
nghé den duoc cit lat mong phoi kho trong bong ram va xay nhuyén thu dugc 1,85 kg bot. Bot
than cu nghé den s& duoc dem ray qua khay dé thu liy hat bot c6 kich thuéc 60 mesh va xac dinh
d6 am theo md ta cia Duoc Dién Viét Nam V [12]. Bot than cu nghé den c6 d6 am la
7,154+0,25% duoc bao quan trong tli nhya PE, dat trong hop nhya kinh, luu trit ¢ 4°C dung cho
cac thir nghiém tiép theo.

2.2.2. Xéc dinh danh hwong cua Cac yéu té don va téi wu héa quy trinh chiét xuat alkaloid

Alkaloid trong bot than ci nghé den duoc chiét xuat bang may siéu &m gia nhiét (Derui DR-
MH30, China) véi tan s ¢ dinh & 40 kHz. Alkaloid trong than cu nghé den duoc chiét xuat
trong céac diéu kién nhu sau: ethanol c6 ndng do tir 40, 50, 60, 70, 80, 90 dén 99,5% (v/v); nhiét
d6 siéu am dugc thay doi lan luot 1a 30, 40, 50, 60, 70, 80 va 90°C; thoi gian siéu am dugc ting
lan luot tir 5, 10, 15, 20, 25, 30 dén 35 phdt; ty & nguyén liéu/ dung méi duoc thay doi lan lugt tor
1/10, 1/15, 1/20, 1/25, 1/30, 1/35 dén 1/40 (w/v). Trong qua trinh khao sé&t anh huéng cia cac yéu
t6 don nong do ethanol 90%, nhiét do 30°C, thoi gian siéu &m 10 phat va ty 1é nguyén liéu/ dung
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moéi 14 1/10 (w/v) duge ¢b dinh. Tién hanh loc dich chiét ¢ dudi dung méi thu lay cao chiét va
dinh luong alkaloid theo md ta trong muc 2.2.3. Sau khi tién hanh khao sat cac don nhan td,
nhém nghién ctru da lwa chon 03 yéu t6 ¢6 anh huong nhi¢u dén ham luong alkaloid trong cao
chiét than cu nghé den dé xay dung quy trinh chiét xuat t6i wu. Phuong phép dap ung bé mat theo
thiét ké thi nghlem Box-Behnken véi ba yéu td, ba cap d6 trong phan mém Design expert 11.0
duoc sir dung dé thiét ké thi nghiém va dénh gia mé hinh.

2.2.3. Phuwong phadp xdc dinh ham lwong alkaloid trong bgt than ci nghé den

Ham lugng alkaloid dugc xac dinh theo phuong phéap hinh thanh phuc hop véi bromocresol
green (BCG), tao thanh san pham c¢6 mau vang theo mé ta cia Shamsa va cong su (2008) [13].
Cao chiét than ci nghé den (1 mL) dwoc cho phan ¢ng voi 1 mL HCI 2N. Sau 5 phdt, dung dich
trén duoc loc bang gidy loc loai bo can. Dung dich trén dugc cho vao binh tach chiét lan luot
thém vao 5 mL BCG va 5 mL dung dich ¢&ém phosphate (pH=4,7). Cudi cing, hdn hop phan @ng
duoc lic manh bang binh tach chiét véi 10 mL chloroform 5 phit ¢ nhiét do phong. Tién hanh
xé4c dinh d6 hap thu quang phd ¢ budc song 470 nm. Ham luong alkaloid trong cao chiét than cu
ngh¢ den (mg AE/g cao chiét) duge xac dinh dwa vao dudng chuan atropine.

2.2.4. Xair Iy va phan tich sé li¢u

(Céc sb liéu trong khao sat don yéu t6 dugc trinh bay dugi dang MeanxStdev va xu 1y bang
phan mém Minitab 16.0 kiém dinh ANOVA-Tukey’s. Bicu d6 dugc ve& bang phan mém Microsof
excel 2013. C4c so liéu trong mo hinh t6i wu dugc xur ly bang phan mém Design expert 11.0.

3. Két qua va ban luan
3.1. Anh hwéng ciia cac yéu té don d@én qua trinh chiét xudt alkaloid tir than ci nghé den

Anh huong cua céc yéu td don nhu ndng do ethanol, nhiét do siéu am, thoi gian siéu am va ty
1é nguyén liéu/ dung moi dén ham lugng alkakoid chiét xuat dugc tur than cu nghé den duoc trinh
bay trong Hinh 1.
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Hinh 1. Ham lwong alkaloid trong dich chiét tir than cu nghé den
Ghi ch: A: Anh hirong cua nong dg ethanol dén ham heong alkaloid; B: Anh hudng cua thoi gian siéu am
den ham luwong alkaloid; C: Anh hudéng cua nhiét dé siéu am den ham lwong alkaloid; D: Anh huréng cua
ty 1€ nguyén liéu/ dung méi dén ham luong alkaloid.

Ham lugng alkaloid (mg AE/g cao chiét) | Him lugng alkaloid (mg AE/g cao chiét)
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Than ci nghé den duoc chiét xuit ¢ cac nong do ethanol khéac nhau s& thu duge ham lugng
alkaloid khac nhau. Khi st dung ethanol tir 40 dén 70% thi ham luong alkaloid tang lién tuc tur
56,67+1,33 dén 109,78+1,02 mg AE/g cao chiét. Him luong alkaloid bat dau giam khi ting nong
do ethanol 1én 80% (Hinh 1A). Nhém nghién ciru di tién hanh khao sat anh huong cua cac mbc
thoi gian siéu am khéc nhau tir 5 dén 35 phut dén ham luong alkaloid. Két qua nghién ciru cho
thiy, ham luong alkaloid chiét xuit duoc dat muc t5i da & 15 phdt (149,56+1,02 mg AE/g cao
chiét) va sau do giam khi kéo dai thoi gian siéu am (Hinh 1B). Do d6, thoi gian siéu am trong
khoang thoi gian tir 10 dén 20 phit da duoc chon cho cac thi nghiém tbi wu hoa tiép theo.

Nhiét do ciing 1a mot trong nhiing yéu té quan trong anh huéng dén qué trinh chiét xuat. Qua
Hinh 1C c6 thé thiy duoc ham lugng alkaloid trong cao chiét ting nhanh & khoang nhiét d6 tir 30
dén 60°C, ham luong ting cao tir 83,56+1,02 1én 126,22+1,39 mg AE/g cao chiét. Tuy nhién, khi
tiép tuc ting nhiét d6 1én 70°C thi ham luong alkaloid c6 xu huéng giam. Mot sé nghién cau
trude day ciing cho thay ham luong cac hop chat thién nhién trong qua trinh chiét xuat s& ting
dén mot nhiét 6 ¢ dinh va bat dau giam dan sau do, do sy phan huy ¢ nhiét d6 cao cua mot sb
nhom chat khong bén vai nhiét [14], [15].

Tir két qua ciia Hinh 1D cho thay, ham luong alkaloid ting theo ty 1& nguyén liéu/ dung méi.
Ham lugng alkaloid tang tir 84,44+1,68 1én 104,44+0,38 mg AE/g cao chiét khi tang ty 1€ nguyén
liu/ dung mdi tir 1/10 dén 1/40 (w/v). Tuy nhién, nhém nghién ctru nhan thiy, ham luong
alkaloid chiét xuét dugc tir than cu nghé den khi sir dung ty 18 nguyén liéu/ dung méi 1/30 (w/v)
dat 100,67+0,67 mg AE/g khac biét khong c6 y nghia vé mat théng ké (p>0,05) so vai ty I¢
nguyén li¢u/ dung moéi cao hon. Do d6, nhom nghién ctru da chon ty 1& nguyén liéu/ dung moi
thich hop 1a 1/30 d& tiét kiém nguyén liéu, dung méi va chi phi cho qua trinh chiét xuat.

3.2. Téi wu héa quy trinh chiét xudt alkaloid tir than cii nghé den

Bang 1. Ma trdn thic nghiém Box-Behnken ba yéu to cia than cii nghé den

CA4c bién doc lap Ham lwong alkaloid (mg GAE/g cao chiét)
Nghiém thirc 5);26123; er:g)dg Tf(Igrl]gtI;:m Ham lwgng thuc nghiém  Ham lweng du doan
1 60 50 15 254,449+3 01 236,51
2 80 50 15 232,89°+1,39 227,03
3 60 70 15 251,33%+0,67 257,20
4 80 70 15 274,67°£2,40 265,81
5 60 60 10 202,679+2 40 194,83
6 80 60 10 201,11"+1,02 208,06
7 60 60 20 213,33+2,67 206,39
8 80 60 20 157,78%+2,34 165,57
9 70 50 10 190,44+2, 34 189,36
10 70 70 10 207,33%+1,76 209,25
11 70 50 20 179,331+1,33 177,42
12 70 70 20 189,11'+2,34 190,20
13 70 60 15 287,56°+0,77 286,85
14 70 60 15 279,11°+1,68 286,85
15 70 60 15 293,56%+1,39 286,85
16 70 60 15 288,89%+1 39 286,85
17 70 60 15 285,11°+2 14 286,85

Ghi chi: Cac ky tu theo sau trong cling mét cét giong nhau khéc biét khéng cé y nghia thong ké (p<0,05).

Dua vao két qua khao st anh huong cua cac yéu td don dén qua trinh chiét xuit alkaloid tir
than ca nghé den, nhom nghién ciru da chon yéu t6 nong do ethanol (60 dén 80%), nhiét do (50
dén 70°C) va thoi gian siéu am (10 dén 20 phat) dé tién hanh ti wu diéu kién chiét xuat. Trong
do, yéu t6 ty 16 nguyén liéu/ dung moéi 1a 1/30 (w/v) duoc ¢ dinh trong qua trinh téi wu. M hinh
thiét ké thi nghiém Box-Behnken véi ba bién, ba cap d¢ duoc sir dung dé xay dung quy trinh tdi
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wu hoa chiét xuat alkaloid tir than cii nghé den. Két qua cho thay, cac nghiém thic trung tam
(nghiém thirc 13 dén 17) c6 ham luong alkaloid chiét xuat dugc nhiéu hon cac nghiém thic con
lai. Trong d6, nghiém thirc 15 chiét xuat duoc ham lwong alkaloid nhiéu nhat 1a 293,56+1,39 mg
AE/g cao chiét. Bén canh d6, nghién ctru ciing cho thay, ham luong alkaloid ciia mé hinh thyc
nghiém va dy doan khong chénh 1éch nhiéu.

Qua phan tich théng k&, nghién ctru da ap dung phuong phap phan tich hdi quy cac sé liéu
thuc nghiém, thu dugc mo hinh da thire bac hai thé hién ham luong alkaloid nhu sau:

Alkaloid = —1641,886 + 18,5647 x A + 14,90435 x B + 112,4216 x C + 0,112225 x A x B —
0,26995 x A x C—0,03555 x B x C—0,1567175 xA?—0,1784175 x B2— 3,09807 x C?

Trong do, A la yéu té nong dé ethanol (%, v/v); B 1a yéu té nhiér dg (°C); C la yéu to thoi gian
siéu am (phat).

Két qua phan tich thong k& ANOVA sy tuong quan cia c4c yéu to duoc trinh bay trong Bang
2. Két qua cho thay, md hinh tuong quan xay dung véi cac hé so tuyén tinh, twong tic va binh
phuong cta cac yéu to chiét xuat deu c6 anh huong dén ham lugng alkaloid thu duoc v6i d6 tin
cdy 95%. M6 hinh tuong quan tot cAn ¢6 su phi hop giita s6 liéu thuc nghiém va dyu doan (Bang
1), vi vay mo hinh xay dung voi kiém dinh Lack of fit (su khéng phu hop) khong c6 ¥ nghia
thdng ké (p>0,05) 1a diéu can thiét [16]. Thém vao d6, md hinh twong quan tot can co hé sé xéac
dinh twong quan R? I6n hon 0,8 [17]. Két qua phan tich cho thdy hé s twong quan R? cua md
hinh du doén 1a 0,9825 I6n hon 0,8 va gia tri Lack of fit la 0,0692 16n hon 0,05. Vi vy, khd ndng
phu hop cia m6 hinh dy doan voi thye nghiém cho ham lugng alkaloid 1a rit cao. Hé s6 bién
dong (CV) dbi v6i ham lugng alkaloid 1a 3,83%, diéu nay cho thay gia tri CV tuong dbi thp, thé
hién mé hinh phan hdi c6 do tin cay tot [11]. Cac hé sé trong phwong trinh hdi quy déu cd su
khéc biét c6 y nghia thong ké (p<0,05) ngoai trir cac hé sé A, BC (p>0,05).

Bang 2. Phan tich cac hé sé nrong quan ciia c&c yéu té dén ham hrong alkaloid

Nguon Sum of squares Df Mean square F-value p-value

Model 31789,91 9 3532,21 43,71 <0,0001

A-Ethanol 382,54 1 382,54 4,73 0,0661

B-Nhiét d§ 533,66 1 533,66 6,60 0,0370

C-Thoi gian 480,50 1 480,50 5,95 0,0449

AB 503,78 1 503,78 6,23 0,0412

AC 728,73 1 728,73 9,02 0,0199

BC 12,64 1 12,64 0,1564 0,7043

A2 1034,12 1 1034,12 12,80 0,0090

B2 1340,33 1 1340,33 16,59 0,0047

o 25257,99 1 25257,99 312,56 <0,0001

Residual 565,67 7 80,81

Lack of Fit 453,05 3 151,02 5,36 0,0692
Pure Error 112,62 4 28,16 N=17 CV=3,83%
Cor Total 32355,58 16 R2=0,9825 R2a4=0,9600 R%.=0,7705

Dd thi bé mat dap wng & Hinh 2 cho thay, cac yéu té chiét xuit nhu ndng do6 ethanol, nhiét do
va thoi gian siéu 4m déu ¢ anh hudng bac 2 dén ham luong alkaloid. Khi nong do ethanol, nhiét
d6 va thoi gian siéu am tang thi ham luong alkaloid c6 khuynh hudng ting, tuy nhién ting dén
diém t6i wu va c6 khuynh huéng giam sau d6. Trong thoi gian ngan, nhiét do ting cudng qua
trinh chiét xut nhung trong thoi gian twong ddi dai, tic dung bi dao nguoc do cac hop sinh hoc
dé bi mat hoat tinh bai qua trinh oxy héa hodc phan hay & nhiét d6 cao, thoi gian chiét xuat kéo
dai [18].
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Hinh 2. Bé mdt ddp iing ham leong alkaloid cua dich chiét tir than cii nghé den
Céc thong s6 chiét xuét téi wu dat duoc tir md hinh véi ndng do ethanol 1a 68,65%, nhiét do
siéu &m 1 61,88°C va thoi gian siéu am 1a 14,80 pht. Véi cac thong sb tdi wu nay thi gia tri cua
ham muc tiéu alkaloid dat duoc 1a 288,24 mg AE/g cao chiét (Hinh 3). Dé kiém dinh gia tri toi wu
tim duoc tir md hinh du doan, nghién ctru da thyc hién theo phuong an tét nhit dugc dé ra: nong
do ethanol 69%, nhiét do siéu &m 62°C, thoi gian siéu &m la 15 phat va ty 1€ nguyén liéu/ dung
mdi 1a 1/30 (w/v); tién hanh kiém dinh ham luong alkaloid trong cao chiét. Két qua cho thay ham
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lugng alkaloid (289,25+0,43 mg AE/g cao chiét) thu duoc ¢6 phan twong dwong voi két qua du
doan tir mo hinh, chi chénh Iéch nhau 1,01 mg AE/g cao chiét.

B T B A e I
60 80 50 70
A:Ethanol = 68.6454 B:Nhiét d6 = 61.8777
T T
10 20 157.78 293.56
C:Thdi gian = 14.7994 Alkaloid = 288.241

Desirability = 0.961
Hinh 3. Ham ky vong va diéu kién chiét xudt toi wu ham heong alkaloid

4. Két luan

Nong d6 ethanol, nhiét do va thoi gian siéu 4m duoc xac dinh 1a cac yéu té anh huong nhiéu
dén qua trinh chiét xuat alkaloid tir than cii nghé den. Thong qua viéc sir dung md hinh thiét ké
thi nghiém Box-Behnken trong phan mém Design expert, nghién ctru da xac dinh duge diéu kién
chiét xuat giau alkaloid tir than ci nghé den la sir dung ethanol 68,65%, nhiét do siéu am
61,88°C, thoi gian siéu am 14,80 phut va ty 1€ nguyén li¢u/ dung moi 1a 1/30 (w/v), khi d6 ham
luong alkaloid dat 288,24 mg AE/g cao chiét. Két qua kiém tra bang thuc nghiém c6 do tuong
thich cao. Nhu vay, nghién ciru da xac dinh duoc quy trinh chiét xuat dich chiét giau alkaloid tir
than cu nghé den.
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