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NGHIEN CUU TOI UU HOA TRICH LY POLYPHENOL
TONG, FLAVONOID TONG TU HOA BAU BIEC
(Olitoria ternateal BANG MA TRAN PLACKETT-BRURMAN
VA PHUONG PHAP DAP UNG BE MAT BOX-BEHNKEN

Truong Vin Xa'*, Tran Kim Thoa!

TOM TAT

Muc tiéu ctia nghién ctru 1a im ra gia tri téi wu cia cac yéu to tac dong truc tiép dén ham luong polyphenol
téng va flavonoid téng duoc trich ly tir hoa Dau biéc (Clitoria ternatea). Trén co sé thit nghiém da yéu to,
nghién ctru da xac dinh 6 yéu t6 thi nghiém duoc sang loc bang ma tran Plackett-Brurman 1a tin so siéu am
(kHz), nhiet do (°C), gia tri pH, thoi gian trich ly (phut), néng do ethanol (%) va ty 1é dung moéi/nguyén liéu
(v/w). Két qua thi nghiém cho thdy 3 yéu t6 tac dong manh nhat dén ham luong polyphenol tdng 1 tan s6
siéu am, pH va thoi gian trich ly. Déi voi flavonoid téng, 3 yéu t6 dong manh nhat 1a pH, nong do ethanol va
ty 1é dung moéi/nguyén liéu. Thi nghiém duoc thuc hién véi 3 yéu t6 theo phuong phap dap tmg bé mat Box-
Behnken dé xac dinh cac gia tri t6i vu. Két qua, ham luong polyphenol téng duoc trich ly téi wu & tin s
siéu am mixed-frequencies (328 kHz), pH 6,67 va thoi gian 1a 163 phut. Déi voi flavonoid tdng toi uu & cac
gia tri 1a pH 7,0, néng do ethanol 68% va ty l1é dung moi/nguyén lieu 1a 1,5. Kiém dinh thuc té€ mé hinh téi uu
héa trich ly ham luong polphenol tdng va flavonoid tdng c6 két qua 1an luot 14 64,42 + 0,38 mg/g va 56,06 +
0,48 mg/g déu tuong duong voi duw doan ctia mo hinh.

Tir khéa: Box-Behnken design, Pau biéc, flavonoid tong, Plackett-Brurman design, polyphenol tong.

1. DAT VAN BE

bau biéc (Clitoria ternatea) 1a loai day leo hoang
dai phat trién & nhiéu ving dat go thuoc khu vuc
déng bang song Ciru Long. Hoa Dau biéc c6 mau
xanh tim hoidc xanh lam dam, chta nhiéu sic to
anthocyanins nén duwoc st dung 1am mau thyc pham
[2]. Dau biéc 1a loai cay duoc liéu c6 nhiéu hoat chat
quy giup phong va tri bénh nhu polyphenols,
flavonols, flavonoids, anthocyanins [18, 7].

Ma tran Plackett-Brurman design (PBD) gitp
thiét ké va sang loc cac thi nghiém da nhan t6 nham
tiét kiém thoi gian va s6 luong cac nghiém thic thuc
hién; tir d6 giup phat hién yéu t6 quan trong can
khdo sat trong nghién ctu [17]. Trong khi do,
phuong phap dap tng bé mat (Box-Behnken design -
BBD) gitp t6i wu héa gia tri cac yéu t6 dang duoc
nghién ctru [15]. Ma tran PBD va phuong phap BBD
duoc stt dung dé t6i vu héa & mot s6 nghién ctru nhur:
quy trinh trich axit oleanolic tir ré cay Tram 0i
(Lantana camara) [1]; trich ly hop chat flavonoid tir
hat Tao gai (Crataegus monogyna) [16]; trich ly
polyphenols tit 14 ciy Paris polyphylla [13]. Phuong
phap trich ly anthocyanins va polyphenol tong c6 hod
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tro siéu am cua trai cay Thién thao (Rubia sylvatica)
da duoc t6i wu theo mo hinh toan hoc PBD va
phuong phap dap tmg bé miat (Response Surface
Methodology - RSM) [6]. Nghién ctru t6i wu hoéa
duoc 6 yéu t6 quan trong chi phoi thi nghiém 1a tan
sO siéu am st dung trich ly, ty 1é nguyén liéu, nong
d6 dung moéi ethanol, gia tri pH, nhiét do va thoi gian
chiét. Sir dung phuong phap PBD va RSM dé t6i vu
héa quy trinh trich ly dau tr hat cay Thi la
(Foeniculum vulgare). Nghién ctu t6i vu héa duoc 3
yéu t6 1a kich thuoc hat, thoi gian trich ly, ty 1é dung
moi [3].

Nghién cttu nay thuc hién nham t6i vu héa qua
trinh trich ly polyphenol téng va flavonoid tong cua
hoa Pau biéc trong diéu kién trich ly c6 ho tro siéu
am bang ma tran PBD va phuong phap dap tmg bé
mat BBD. San phdm cao chiét 1a ngudén nguyén lieu
ty nhién tiém ning tng dung trong nong nghiép va
duoc pham.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat liéu, thiét bi

Hoa Dau biéc truong thanh duoc thu hai ¢ tinh
Vinh Long tir 7-8 gi® sang. Hoa duoc rita sach va dé
r4ao nudc trong diéu kién phong thi nghiém trudc khi
diéu ché cao chiét. Nghién ctru t6i uu hoa qua trinh
ly trich polyphenol tong, flavonoid téng ctia hoa Dau
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biéc duoc thuc hién trong 3 buodc: (1) thit nghiém da
yéu t6, (2) sang loc cac yéu t6 chinh theo ma tran
PBD, va (3) toi uu héa theo phuong phap dap tmg bé
mat BBD.

Nghién ctru st dung hé thong bé siéu am kich
thudc 600 x 380 x 350 mm, c6 két néi truc ti€p voi bo
ngudén phat song sieu am (IDS 2415/SM; Crest
Ultrasonic). B6 nguén siéu am c6 thé phat song theo
2 ché do: (1) phat tan s6 song siéu am & ba muc co
dinh 1a 58, 132 va 192 kHz bang nut diéu chinh; (2)
phat song siéu am lién tuc (mixed-frequencies) tir
mtc 178 kHz dén 482 kHz bang dinh 6c diéu chinh,
néu co dinh tan s6 phat séng siéu am nao thi stt dung
nat pull trén dinh 6c. Mau trich ly duoc cho vao bé
siéu am sau khi tan s6 song siéu am da hoat dong &
mtuc cai dat.

2.2. Phuong phap nghién ciru

2.2.1. Thir nghiém da yéu to

biéu kién trich ly ban dau duoc thiét lap nhu
sau: 400 ml ethanol 50% va 200 g hoa Dau biéc (ty lé
2/1, v/w), hén hop duoc xay nhuyén bang may xay
(TOSHIBA BL-T60) trong 5 phut. Hon hop trich ly
duoc diéu chinh pH 6,0 (stt dung axit citric). Sau do,
hon hop duoc cho vao binh tam giac 250 ml va dat
vao hé thong bé siéu am co két noi truc tiép voi bo
ngudn phat séng siéu am diéu chinh & tan s6 192
kHz. Bé siéu am duoc két noi voi hé thong tuan hoan
lanh hoat dong lién tuc nham giit cho nhiét do cta
mau trich ly 6n dinh & 30°C trong qua trinh trich ly.
Thoi gian trich ly 30 phut. Sau trich ly bang siéu am,
mau dich chiét duoc loc qua Na,SO, khan va lam
giau bang heé thong c6 quay chan khong & nhiet do
50°C, 4p suat 0,095 atm va toc do quay 110
vong/phut (voi may c6 quay WEV-1010, bé diéu
nhiét tuan hoan lanh MaXircu CL-12 va bom chan
khong WEV-0095). Sau d6, mau duogc sdy doi luu (ta
say DS-80) & nhiét do 50°C dén khi bay hét dung
moi. Cac san pham cao chiét duoc trix & -4°C.

Sau yéu t0 khao sat anh huéng ham luong
polyphenol téng va flavonoid téng duoc trich ly tir hoa
Dau biéc gdom: tan so siéu am (58, 132, 192 kHz), nong
do ethanol (50, 60, 70, 80, 90 va 100%), ty 1&é dung
moi/nguyen lieu (1/1, 2/1, 4/1, 6/1, 8/1 va 10/1
v/w), nhiét do trich ly (30, 40 50 va 60°C), gia tri pH
(5,0, 6,0, 7,0, 8,0) va thoi gian trich ly (30, 60, 90, 120
phut). Trong dd, khao sat yéu t6 nao thi yéu to d6 thay
déi con cac yéu t6 khac thi khong thay déi sau méi lan
thtr nghiém; méi yéu t6 khao sat 3 1an lap lai.

2.2.2. Thiét ké ma tran PBD va phuong phap d4p
ung bé mat BBD

bé xac dinh duoc cac yéu té6 va mirc do anh
hudng ctia cac yéu to d6 dén ham luong polyphenol
téng va flavonoid tong trich ly tir hoa Pau biéc thi ma
tran PBD duoc thiét ké voi 6 yéu to gom: tan so siéu
am (kHz), nhiét @6 (°C), gia tri pH, thoi gian trich ly
(phut), nong do ethanol (%) va ty lé dung
moi/nguyén lieu (v/w) (Bang 1).

Ba yéu t6 c6 anh huéng nhat dén két qua khao
sat duoc chon dé tién hanh thi nghiém theo phuong
phap dap ung bé mat BBD dé xac dinh gia tri toi wu
va duoc nghién ctru ¢ 3 mic (-1, 0, +1) (Bang 3).

2.2.3. Kiém dinh thuc té mo hinh t67 uu hda

Dua vao két qua thuc nghiém thu duoc tir thi
nghiém theo BBD cta phan mém Design-Expert
13.0.5.0® da phan tich va dé xuit cac yéu t0 anh
huong dén ham luwong polyphenol téng, flavonoid
téng 1a t6i wu dua trén ba yéu t6 khao sat. Sau do thi
nghiém kiém dinh mé hinh duoc thuc hién véi 3 lan
lap lai.

2.2.3. Phuong phap xdc dinh polyphenol tong

binh Iwong polyphenol tong bang phuong phap
st dung thudc tht Folin-Ciocalteu [20], c6 diéu
chinh. Puong chuin galic acid voi day nong do 0,01;
0,05; 0,1; 0,25; 0,5 mg/ml duoc chudn bi trong
methanol. Hon hop phan tng gom 0,1 ml mau cao
chiét va 1 ml Folin-Ciocalteu 10% dé phan g trong
5 phut & nhiét do phong (30+2°C); sau d6 thém 1 ml
Na,CO; 2% va u t6i 45 phat. Mau thi nghiem duoc
tién hanh do quang phd hap thu tai 765 nm (may
quang phé LABOMED UV-2602). Ham luong
polyphenol téng trong mau cao chiét duoc tinh dua
vao duong chuén gallic acid (GAE) theo cong thirc
sau: polypenol téng (mg GAE/g cao chiét) = %
Trong do: ¢ 1a ham luong polyphenol téng duoc suy
ra tit duong chuén gallic acid (mg/ml), V 1a thé tich
dich chiét (ml), m la khéi lwong cao chiét cé trong V
(g).

2.2.4. Phuong phap xac dinh flavonoid tong

Phuong phép dinh luong flavonoid téng, cé diéu
chinh [4]. Puong chudn quercetin voi ddy nong do
25, 50, 100, 200, 400 mg/ml dwoc chudn bi trong
methanol. Hon hop phan tng gom 0,5 ml mau cao
chiét va 1,5 ml methanol, dé 6n dinh trong 5 phut.
Sau d6, thém 0,1 ml AlCl; 10% va cho phan tng trong
5 phut. Cuéi ciing, thém 0,1 ml CH;,COOK 1M va 2,8
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ml nuoc cat, lac déu va dé on dinh 45 phut & nhiét do
phong. Mau thi nghiém duoc do quang phé hap thu
tai 415 nm. Ham luong flavonoid téng trong mau cao
chiét duoc tinh dua vao dudng chuidn quercetin (QE)
theo cong thitc sau: flavonoid tong (mg QE/g cao

chiét) = E:v Trong do: ¢ 1a ham luong flavonoid tong

duoc suy ra tir duong chuin quercetin (mg/ml), V 1a
thé tich dich chiét (ml), m la khéi luong cao chiét co
trong V (g).

2.2.5. Xir Iy s0'liéu

Phan mém Design-Expert (phién ban 13.0.5.0%,
Stat-Ease Inc., USA) duoc stt dung dé phan tich
phuong sai (ANOVA) cac thit nghiém mot yéu to,
tinh toan hé s6 ctia phuong trinh hoi quy va dé xuat
giai phap cho moé hinh t6i vu hda.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Khao sat ham lugng polyphenol téng va
flavonoid tdng trong cac thir nghiém mot yéu t6

Két qua nghién ctu cho thdy, ham Ilwong
flavonoid téng déu thap hon polyphennol téng & tat
ca cac yéu to khao sat (Hinh 1). Ham luong flavonoid
tong va polyphennol téng c6 khuynh huong cang
tang dan khi tan s6 séng siéu am cang lon (Hinh 1A)
va thoi gian trich ly cang dai (1D). Xu huéng do
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nguoc lai voi yéu to6 dung moi/nguyén liéu cang lon
thi ham luong flavonoid téng va polyphennol tong cé
xu huéng giam (Hinh 1F). Trong khi d6, cac yéu to
khac diéu chung xu huéng dat gia tri cao nhat sau dé
giam dan. Cu thé, nhiet do trich ly & 40°C, sau d6
giam dan dén nhiét do khao sat 60°C (Hinh 1B); pH
7,0 dat gid tri cao nhat (Hinh 1C); ham luong
polyphennol tong dat gi4 tri cao nhat & ethanol 80%,
doi voi flavonoid téng la ethanol 70% (Hinh 1E). Két
qua nghién ctu cho thdy, yéu t6 nhiét do va nong do
ethanol tang thi flavonoid va polyphenol ting, tuy
nhién néu nhiét do va nong do ethanol tiép tuc tang
thi flavonoid va polyphenol giam. Két qua tuong
déng voi két qua nghién ciru ham lwong polyphenol
téng trich ly tir trai cay Thién thao (Rubia sylvatica)
va la cay Phong dai (Acer saccharum) dat gia tri cao
nhat & nong do ethnaol 60% va thoi gian trich ly 50
phut sau d6 giam néu hai yéu t6 nay ti€p tuc ting [5,
6]. Tuong tu két qua nghién cttu xac dinh ham lwong
pholyphenol, flavonoid téng duoc trich ly tir cam gao
den va gao tim (Oryza sativa L.) cling c6 xu huong
dat gia tri cao nhat & nong do ethanol 70% va thoi
gian trich ly 60 phut [8].

X Total flavonoid W Total polyphenol

:; 35 & *
: ¥
) 120
Extraction time (min)
*-Total flavouoid —Total polyphenol

(FH — %
$

e
-l

1 21 41 6/1 81 101
Liquid - Solid ratio (v/w)

Hinh 1. Két qua khao sat tin s6 siéu am (A), nhiét do B), pH (C), thoi gian (D), néng do ethanol (E) va ty lé
dung méi/nguyén lieu (F) anh huéng dén ham hrong polyphenol téng va flavonoid téng trich ly tir hoa Pau biéc
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3.2. Sang loc céc yéu t6 anh huong nhat dén ham
lwong polyphenol téng va flavonoid téng trich ly tir
hoa Pau biéc bing ma tran PBD

Tir két qua khéo sat ham luong polyphenol tong
va flavonoid téng trong cac thir nghiém da yéu t6 thi
cac gia tri clia timg yéu t6 sé duoc chon dé tién hanh
danh gia mirc do anh huéng bang ma tran PBD. Méi
yéu t0 xac dinh 2 gia tri ¢ vi tri xung quanh ham

luong polyphenol tong va flavonoid téng dat gia tri
cao nhat. Gia tri timg yéu t6 1an luot: siéu am (192
kHz va phat séng siéu am lién tuc), nhiét do (40°C va
50°C), pH (6,0 va 7,0) va thoi gian (90 phut va 120
phut) (Hinh 1). Ham luong polyphenol téng va
flavonoid téng trich ly tir hoa Pau biéc duoc thuc
hién theo biang ma tran PBD vo¢i 12 thi nghiém, méi

thi nghiém 3 1an lap lai (Bang 1).

Béng 1. Yéu t0 anh huéong dén ham luong polyphenol tdng va flavonoid tdng trich ly

tir hoa Pau biéc bing ma tran PBD

Cac yéu to Ham luong
Nghiém Tan so siéu am (kHz) | Nhiét | pH | Thoi | Noéng | Tyle | Polyphenol | Flavonoid
. do gian do | (v/w) | tong (mg/g) | tong (mg/g)
thic ;
C) (phut) | ethanol
(%)

1 192 40 6,0 120 60 2/1 37,21 +£2,01 45,59 + 2,01
2 192 40 6,0 90 60 1/1 32,09+0,96 | 60,13 +2,35
3 192 50 7,0 90 70 2/1 35,37+ 1,10 | 4447+1,70
4 192 50 6,0 120 70 1/1 38,29+ 1,34 | 39,02+ 1,37
5 192 40 7,0 90 70 2/1 42,66 + 1,21 50,27 £ 1,30
6 192 50 7,0 120 60 1/1 46,32+ 0,86 | 63,02 +2,06
7 phat song siéu am lién tuc| 40 6,0 90 70 1/1 37,54+ 1,64 | 44,14 £0,86
8 phat séng siéu am lién tuc 50 7,0 90 60 1/1 49,72 £ 1,33 66,42 £2,11
9 phat séng siéu am lién tuc 50 6,0 90 60 2/1 43,34 +2,04 | 49,96 £0,96
10 |phat song siéu am lien tuc| 40 | 7,0 | 120 60 21 | 52,83+190 | 53,62+ 1,49
11 |phat song siéu am lien tuc| 40 | 7,0 | 120 70 11 | 59,12+0,79 | 56,65+ 1,60
12 |phat song siéu am lien tuc| 50 | 6,0 | 120 70 21 | 5572+ 1,09 | 42,30 +2,03

Két qua phan tich thong ke ANOVA cta 6 yéu to
anh hudng dén ham luong polyphenol tong (pvalue
= 0,0339) va flavonoid tong (pvalue = 0,0327) trich ly
ttr hoa Dau biéc bang ma tran PBD déu c6 y nghia
thong ké muc p<0,05. Néu pwalue ctia mot yéu to
trong thong ké ANOVA cta ma tran PBD 1a so
duwong cang nho, c6 nghia 1a yéu to6 d6 anh hudng
cang nhiéu & muc cao va nguoc lai [6]. Do do, co thé
can ct vao pvalue (chon cac hé so cé gia tri tuyét doi
nho hon 0,05) dé xac dinh duoc yéu t6 chi ph6i manh
dén két qua ctia mo hinh.

Két qua phan tich thong ké ANOVA da xac dinh
duoc 3/6 yéu t6 c6 tac dong manh nhit dén ham
luong polyphenol téng 1a tan so siéu am (pvalue =
0,0078), pH (pvalue = 0,0427) va thoi gian (pvalue =
0,0254) déu c6 pvalue <0,05. Két qua nay twong dong
voi cac két qua nghién ctru vé xac dinh 3 yéu to 1a tan
s6 siéu am, thoi gian trich ly va gia tri pH anh hudéng
16n dén ham luong pholyphenol dugc trich ly tir cdm
gao den va gao tim tai An D¢ [8]. Ham luong

78

pholyphenol tdng duoc trich ly tir bap cai tim (Zea
mays L. var. ceratina) tai Thai Lan bi chi phéi manh
bdi 3 yéu to 1a tan s6 siéu am, thoi gian trich ly va gia
tri pH duoc chon cho thiét ké thi nghiém BBD [14].

Tuong tu nhu trén, két qua phan tich thong keé
ANOVA da xac dinh duoc 3/6 yéu t6 c6 tac dong
manh nhat dén ham luong flavonoid téng 1a pH (p
value = 0,0187), nong do ethanol (pvalue = 0,0106) va
ty lé (pvalue = 0,0392). Két qua nay twong dong voi
nghién ctru xac dinh nong do dung moi ethanol va ty
lé nguyén lieu anh hudéng lon dén ham luwong
flavonoids dwgc trich ly tt 5 loai chanh leo
(Passiflora sp.) pho bién & Barzil [11]. Nhu vay, 3
yéu t0 anh huéong manh dén ham luong flavonoid
téng 1a pH, néng do ethanol va ty lé duoc chon cho
thiét ké thi nghiém BBD.

Két qua phuong trinh tuyén tinh duoc xac dinh
trong ma tran PBD lan luot: Polyphenol tong: Y = +
44,18 + 5,53A + 0,6092B + 3,49C + 4,06D + 0,5992E +
0,3375F. Flavonoid tong: Y = + 51,30 + 0,8825A —
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0,4342B + 4,44C - 1,27D - 5,16E - 3,60F. Trong do: A
la tan sO siéu am, B 1a nhiét do, C 1a pH; D 1a thoi
gian; E 1a noéng do ethanol; F 1a ty l¢ dung
moi/nguyén liéu.

3.3. T6i wu hoa cac yéu to anh hudng dén ham
lwong polyphenol téng va flavonoid téng trich ly tir
hoa Pau biéc bing phuong phap diap tmg bé mit
Box-Behnken design (BBD).

Dua vao két qué phan tich thong ké ANOVA ctia
ma tran PBD thi 3 yéu t6 c¢6 anh hudng nhat dén
ham luong polyphenol tong va flavonoid téng duoc
chon dé tién hanh thi nghiém theo phuong phéap dap
ung bé mat BBD dé xac dinh gia tri t6i wu va duoc
nghién ctru & 3 muc (-1, 0, +1) (Bang 2).

Bang 2. Ba yéu t6 khao sat va cac gia tri anh huéng dén ham luong polyphenol tdng va flavonoid tdng trich ly
tir hoa P4au biéc bing phuong phép d4p tmg bé mit BBD

Céc yéu t6 anh huong dén ham luong Céc yéu t6 anh huong dén ham luong
Mic polyphenol téng flavonoid t6ng
khao sat Tan s6 siéu am (kHz) pH T}(I;i; n pH eg;?lild(;) Ty lé (v/w)
-1 132 5,0 60 5,0 50 0,5/1
0 192 6,0 120 6,0 60 1/1
+1 phat séng siéu am lién tuc | 7,0 180 7,0 70 2/1

Két qua t6i vu héa ham luong polyphenol téng
ttr thue nghiém véi 15 thi nghiém duoc thiét ké bang
phan mém Design Expert 13.0.5.0° (Bang 3). Két
qua phan tich théng ké ANOVA cho 3 yéu t6 toi wu
hoa ham luong polyphenol téng trich ly tir hoa Pau
biéc bang phuong phap BBD c6 gia tri pvalue ctia
mo hinh 1a 0,0020 (c6 y nghia muc 5%); s khéng phu
hop (Lack of Fit) 1a 38,68 (khong y nghia). Hé s6 hoi
quy (R? ctia mo6 hinh 1a 0,9783, nghia 1a c6 97,83% so6
lieu thuc nghiém twong thich voi so lieu du doan
theo mo hinh; trong khi do, gia tri R? du doan
(0,8369) phu hop voi R? diéu chinh (0,9468) voi do
lech 0,1099 (nho hon 0,2). Ty 1é tin hiéu so véi nhiéu
la 10,217 (16n hon 4 rat nhiéu), diéu d6 chung to tin
hieu da day da dé st dung du doan ham luwong
polyphenol. Ngoai ra, hé s6 bién thien (%CV) cua mo

hinh 1a 4,02, cho thay mo hinh dang tin cay. Gia tri
%CV cho biét mirc @0 chinh xac cta thi nghiém, cac
thi nghiém c6 d¢ tin cay thap thuong co gia tri %CV
cao va nguoc lai [6]. Tom lai, két qua nghién ctru cho
thdy mo hinh t6i vu hoa ham luong polyphenol tong
¢6 cac thi nghiém duoc thuc hién 1a dang tin cay.

Phuong trinh bac hai dugc dung nhu moé hinh dé
dy doan ham luong polyphenol téng trich ly tir hoa
bau biéc 1a:

Polyphenols = + 54,53 + 4,26A + 2,93B + 0,4338C
+5,50AB + 1,62BC + 3,32A% - 6,79 B?

Trong d6: A la tan s6 siéu am, B 1a nhiét do, C la
pH, D la thoi gian, E 1a nong do ethanol, F 1a ty l¢
dung méi/nguyén liéu.

Béng 3. B6 tri thi nghiém theo phuong phap BBD dé t6i tu héa ham luegng polyphenol
téng trich ly tir hoa Dau biéc

Nghiém . Cac yéu to — Ham luong polyphenol
thite Tan so siéu am pH Thoi gian téng (mg/2)
(kHz) (phut)
1 132 6,0 180 52,52 +0,96
2 192 6,0 120 50,44 + 1,16
3 192 7,0 180 52,09 + 1,80
4 phéat séng siéu am lién tuc 7,0 120 62,22 +£0,79
5 132 6,0 60 5522+2,12
6 phat séng siéu am lién tuc 5,0 120 4756+ 1,33
7 phéat séng siéu am lién tuc 6,0 60 61,33+1,52
8 132 5,0 120 51,60 £ 0,76
9 phat séng siéu am lién tuc 6,0 180 63,74+ 1,76
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10 132 7,0 120 41,45+ 1,82
11 192 5,0 60 45,02 +0,75
12 192 5,0 180 43,67 + 1,81
13 192 7,0 60 46,98 + 0,53
14 192 6,0 120 53,89 +1,32
15 192 6,0 120 54,39 £ 1,70

Két qua mo hinh dap tmg bé mat cho thay ham
luong polyphenol téng cang tang khi gia tri tan so
siéu am cang tang; nguoc lai giam khi gia tri pH nho
hon 6,0 (Hinh 2). Diéu nay phu hop véi két qua
nghién ctu cta Das va cs (2017); Muangrat va cs
(2018) @éu xac dinh tan s6 siéu am 1a yéu t6 chi phoi
manh nhat dén ham luong polyphenol duoc trich ra
tt cam gao den va bdp tim (Zea mays L. var.
ceratina) bang phuong phap dap ing bé mat RSM [8,
14]. Tan so6 siéu am cao c6 kha nang gay xam thuc
do cac chu ky co gian cua vat lieu. Nhitng chu ky nay
pha vo thanh t€ bao cta vat lieu va diéu nay thuan loi
cho st xam nhap va truyén dung moéi thdm thau vao
bén trong vat liéu, do do tiang toc do trich ly [9, 14].
Nhu vay, két qua thuc nghiém rat pht hop véi két
Ihenol (mg GAE/g)

B: pH (pH)

230

Az Ultrasound (kHz)

qua mo hinh, cac két qua nay dang tin cay va tim ra
duoc tan s6 siéu am phu hop 13 yéu t6 anh hudéng
nhat dén qua trinh trich ly polyphenol téng tir hoa
bau biéc. Tuy nhién, biéu dé dap tmg bé mat bang
chua dat duoc diém hoi tu cao, do d6 nghién cttu ti€p
tuc chon mot thi nghiém ma phan mém Design
Expert 13.0.5.0° tu van dé chon duoc gia tri toi uu.
Cac gia tri t6i wu xac dinh dua vao ham luong
polyphenol tong cao nhat va cac gia tri cia ba bién
khao sat 1a so tron va c6 kha nang thuc nghiém kiém
dinh duoc. Két qua chon duoc ham luong polyphenol
téng dat cao nhat & 65,739 + 1,979 mg/g voi cac gia
tri tu van tir phan mém 1a tan so siéu am & mutc phat
song siéu am lién tuc (328 kHz), pH 6,67 va thoi gian
la 163 phut.

polyphencl img GAE/g)

A Ultrasound (kHz)

B: pH {pH) 5 ¥ 932

Hinh 2. Bé mit dap tmg ctia polyphenol téng theo tin s8 siéu am va gi4 tri pH bing phan mém Design Expert

Két qua t6i vu hoa ham luong flavonoid téng tir
thuc nghiém voi 15 thi nghiém duoc thiét ké bang
phan mém Design Expert 13.0.5.0° (Bang 4). Két qua
thong ké ANOVA cho 3 yéu t6 t6 vu hoa ham luong
flavonoid tong trich ly tir hoa Dau biéc bang phuwong
phap BBD c¢6 gia tri pvalue ctia moé hinh 1a 0,0137
(co y nghia mtc 5%); sw khong phu hop (Lack of Fit)
la 11,36 (khong y nghia). He s6 R? 1a 0,9607. Gia tri
R? du doan (0,8341) phu hop véi R? diéu chinh
(0,9351) véi do lech 0,101. Ty 1é tin hiéu so véi nhiéu
la 11,316, diéu d6 chung t6 tin hiéu da day du dé s
dung du doan ham luong flavonoid. Ngoai ra, hé so
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%CV ctia mo hinh 1a 4,13. Nhu vay, két qua thuc
nghiém rat phu hop véi két qua cia mo hinh toi wu
héa ham luong flavonoid.

Phuong trinh bac hai dugc dung nhu mo hinh dé
du doan ham luong flavonoid téng trich ly tir hoa
bau biéc la:

Flavonoids = + 48,04 +1,05A + 3,70B + 3,77C + 2,13AB
—1,04AC +0,8116BC + 1,89 A - 0,7779 — 3,69 C?

Trong d6: A 1a tan so siéu am, B 1a nhiét do, C 1a
pH, D 1a thoi gian, E 1a nong do ethanol, F 1a ty l¢
dung moi/nguyén liéu.
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Bang 4. Bé tri thi nghiém theo phurong phap BBD dé
toi tru héa ham leong flavonoid
téng trich ly tir hoa Pau biéc

Cac yéu to Ham 1
Nghiém Néng do Vs am .uQT}»g
, Tyle | flavonoid tong
thie pH ethanol
o v/ w) (mg/g)
(%)
1 7,0 60 0,5/1 45,23 £1,26
2 6,0 60 1/1 4542 £0,56
3 7,0 60 2/1 51,31 +0,33
4 5,0 70 1/1 48,23 £1,73
5 6,0 50 0,5/1 37,39 £ 0,89
6 6,0 50 2/1 42,12 +120
7 6,0 60 1/1 48,47 £1,02
8 7,0 50 1/1 42,48 £ 0,66
9 5,0 60 0,5/1 38,45+0,83
10 5,0 50 1/1 45,89 £ 0,70
11 5,0 60 2/1 49,98 + 1,46
12 6,0 70 2/1 51,30 +2,04
13 6,0 70 0,5/1 43,49 £0,70
14 6,0 60 1/1 45,23 £1,43
15 7,0 70 1/1 53,34+ 0,85

Flavonoid _(mg GE/qg)

C: Liquid-solid {v/w)]

B: Ethanal (%)

Céac yéu t6 trong thi nghiém t6i wu héa ham
luong flavonoid téng c6 su twong tac voi nhau ting
cap va duoc biéu dé dap ing bé mat bang phan mém
Design Expert 13.0.5.0® (Hinh 3). Tuy nhién, két qua
mo hinh dap tmg bé mit ctia ham luong flavonoid
téng chua dat duoc diém hoi tu cao, do d6 nghién
cttu tiép tuc chon mot ma phan mém Design Expert
13.0.5.0% tur van @€ chon duoc gia tri t0i vu. Cac gia
tri t6i vu xac dinh dwa vao ham luong polyphenol
téng cao nhat va cac gia tri ctia ba bién khao sat 1a so
tron va c6 kha ning thuc nghiém kiém dinh duoc.
Két qua chon duwoc ham lwong flavonoid téng dat cao
nhat ¢ 55,097 + 1,459 mg/g voi cAc gia tri cac yéu to
lan luwot 1a pH 7,0, ethanol 68% va ty lé dung
moi/nguyén liéu la 1,5.

Flavonoid (mg GE/g)

B: Ethanol (%)

Hinh 3. Bé mit dap tmg ctia flavonoid tong theo ty 1& dung moéi/nguyén liéu va nong do ethanol
bang phan mém Design Expert

Hién nay, viéc sir dung séng siéu am trong qua
trinh trich ly, thu nhan céac hop chat, dic biét 1a cac
hop chat c6 hoat tinh sinh hoc tir cac nguén khac
nhau dang duwoc quan tam, do tinh chat thuan tién,
hiéu qua trich ly cao, dung moéi tiéu thu it, dé van
hanh, chi phi thap va it anh huéng dén moi truong.
Séng siéu am c6 tan s6 cang thap thi nang luong
cang cao, do do tan so siéu am thuong duoc chon dé
trich ly cac hop chat hoat tinh sinh hoc tir thuc vat
trong khoang 20 - 45 kHz. Trong d6, mot s6 nghién
ctru da dat duoc két qua trich ly cac hop chat sinh
hoc tot & tan s6 siéu am vira phai [10, 12, 19].
Golmohamadi va cs. (2013) nghién cttu vé st dung
song siéu am tan s6 20, 490 va 986 kHz dé trich ly
hop chat phenolic téng va anthocyanin tir qua mam

x0i do [10]. Két qua nghién ciu da xac dinh duoc
ham luong phenolic t6ng duoc trich ly & tan s6 20,
490 va 986 kHz sau 30 phut trich ly 1an luot 1a 1628 +
30, 1097 £ 60 va 1228 + 38 mg/1, khac biét khong y
nghia & muc 95%. Trong khi d6, ham luong
anthocyanin trich ly ¢ tan s6 986 kHz 16n hon va
khac biét y nghia so véi hai tan s6 con lai; tan s 20
va 490 kHZ khéc biet khong y nghia muc 95%. Tan so
xtt ly siéu am 20 kHz 1a hiéu qua nhat dé trich ly cac
hop chat hoat tinh sinh hoc; bén canh d6, nghién ctru
da xac dinh duoc co6 thé st dung tan s6 siéu am 490
kHz v6i thoi gian pht hop dé trich ly hop chat hoat
tinh sinh hoc tir qua mam xo6i do [10]. Karabegovié
va cs. (2018) nghién cttu vé str dung séng siéu am tan
s6 42, 211, 1038 kHz @é trich ly phenolic téng va
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flavonoid tong tir 14 cay Sen da (Sempervivum
marmoreum L.) [12]. Két qua & tan so 42, 211, 1038
kHz sau 150 phuat trich ly thi ham luwong phenolic
téng lan luot 1a 84,6 + 2,99, 65,2 + 2,13 va 40,5 + 0,72
mg/g; ham luong flavonoid téng lan luot 1a 18,8 +
0,31, 17,9 + 1,36, 12,7 + 0,37 mg/g. Nghién ctu da
xac dinh & muc tan s6 42 kHz va 211 kHz khac biét
khong y nghia thong ké mic 95%. Nghién ctru da xac
dinh bén canh viéc st dung tan s6 siéu am thap dé
trich ly hop chat sinh hoc tit 14 cay sen da thi tan so
siéu am vira phai (211 kHz) cing duoc lua chon voi
thoi gian trich ly 1a 150 phut.

3.4. Kiém dinh thyc t€ mé hinh t3i wu hoa trich
ly ham luong polyphenol téng va flavonoid tdng trich
ly tir hoa Pau biéc

Theo mé hinh du doan thi ham luong
polyphenol téng dat cao nhat (65,739 + 1,979 mg/g)
voi cac gia tri cac yéu to 1an luot 1a tAn s6 siéu am &
mttc phat séng siéu am lién tuc (328 kHz), pH 6,67 va
thoi gian 1a 163 phuat. Kiém dinh mé hinh thuc té
ham luong polyphenol téng duoc thuc hién theo quy
trinh dé xuat voi 3 lan lap lai (Bang 5). Trong d9,
ham luong polyphenol téng duoc xac dinh 1a 64,42 +
0,38 mg/g tuong duong so véi mo hinh du doan 1a
65,739 = 1,979 mg/g. Do d6, két qua dé xuat toi wu
hoéa qua trinh trich ly polyphenol tong tir hoa dau
biéc ctia mo6 hinh BBD 1a hoan toan phi hop va dang
tin cay.

Bang 5. Kiém dinh mo hinh thuc té trich ly
polyphenol téng va flavonoid téng tir hoa Pau biéc

Lap | Lap | Lap \
lail | lai2 | li3 | rungbinh
ljolyphenol 64,32 | 64,09 | 64,84 | 64.42+0,38
téng (mg/g)
?Flavonmd 5559 | 56,54 | 56,04 | 56,06+ 0,48
tong (mg/g)

Theo mo6 hinh du doan thi ham lwong flavonoid
téng dat cao nhat (55,097 + 1,459 mg/g) & cac gia tri
cac yéu t0 lan luot 1a pH 7,0, ethanol 68% va ty le
dung moi/nguyeén liéu 1a 1,5. Kiém dinh mé hinh
thuc t€ ham luong flavonoid téng duoc trich ly tir hoa
bau biéc duoc trinh bay trong bang 8. Trong d6, ham
luong flavonoid téng duwoc xac dinh 1a 56,06 + 0,48
mg/g cao hon so véi mo hinh du doan.

4. KET LUAN

Sé4u yéu to tht nghiém ban dau duoc sang loc va
chon duoc 3 yéu t6 c6 anh hudong nhat dén ham

luong polyphenol téng (tin s6 siéu am, gia tri pH,
thoi gian) va ham luong flavonoid téng (pH, nong do
ethanol, ty 1¢ dung moi/nguyén liéu) bang ma tran
Plackett-Burman. Két qua bé mat dap tng Box-
Behnken ctia ham luwong polyphenol téng theo dé
xuat tir phan mém Design Expert voi cac gia tri timg
yéu t6 1an luot 1a: tAn so siéu am & muc phat song
siéu am lién tuc (328 kHz), pH 6,67 va thoi gian trich
ly 1a 163 phut. Thuc té thi nghiém thu duoc ham
luong polyphenol tong duoc xac dinh 1a 64,42 + 0,38
mg/g tuong duong véi gia tri mo hinh udc tinh.
Trong khi d6, bé mat dap ing Box-Behnken ctia ham
luong flavonoid téng voi cac gia tri ting yéu t6 lan
luot 1a: pH 7,0, ethanol 68% va ty 1é dung moi/nguyén
lieu 1a 1,5. Thuc té thi nghiém thu dwoc ham luong
flavonoid tong duoc xac dinh 1a 56,06 + 0,48 mg/g
cao hon gia tri mo6 hinh wéc tinh.
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STUDY OPTIMIZATION OF TOTAL POLYPHENOL, TOTAL FLAVONOID FROM FLOWER
Clitoria ternatea EXTRACT USING THE DESIGN OF PLACKETT-BURMAN MATRIX AND
THE RESPONSE SURFACE METHODOLOGY BOX-BEHNKEN

Truong Van Xa, Tran Kim Thoa

Summary

This study aims at identifying the optimal values of different factors directly influencing the total polyphenol
and total flavonoid from flower Clitoria ternatea extract. On the basis of multi-factor experiment, six factors
were screened using a Plackett-Burman experimental design to determine the variables that significantly
influence the extraction yield of total polyphenol and total flavonoid, namely ultrasound power, extraction
temperature, pH value, extraction duration, ethanol concentration and liqui/solid ratio. Results showed that
the ultrasound power mixed-frequencies, pH value and extraction duration had the strongest influences on
the total polyphenol. For total flavonoid, pH value, ethanol concentration and liqui/solid ratio. These three
factors were subsequently optimized using the response surface methodology Box-Behnken. Optimal
values of the ultrasound power mixed-frequencies, pH 6.67 value and extraction duration 163 min had the
total polyphenol; pH 7.0 value, ethanol 68% and and liqui/solid ratio 1.5 had the total flavonoid. These
values formed a model which was tested; results total polyphenol and total flavonoid were 64.42 + 0.38
mg/g and 56.06 = 0.48 mg/g, respectively.

Keywords: Box-Behnken design, Cliforia ternatea, flavonoids, Plackett-Brurman design, polyphenols.
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