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Muc tiéu cia nghién cttu 12 thiét 1ap ké hoach thuc nghiém da yéu t6 va stt dung phuong phap bé
mit dap tmg (RSM) dé t6i vu héa qua trinh xtt ly enzyme thu nhan dich chiét ct hoang sin co co6
ham luong duong fructooligosaccharides (FOS) t6i da va toc do dong thadm mang siéu vi loc (UF)
cao. Tién hanh xit ly dich chiét ctt hoang sin c6 & diéu kién: Néng do pectinase G (0,2 - 0,5%),
nong do cellulase T4 (0,2 - 0,5%), nhiet do (45 - 55°C) va thoi gian (60 - 120 phut). M6 hinh héi quy
voi hé s6 xac dinh c6 y nghia R? = 0,9879 va 0,9853, tuong ting v6i su thay déi ctia ham luong
duong FOS va téc do dong tham mang UF. Néng do pectinase G va celllulase T4 1a yéu t6 anh
hudng 16n dén kha nang thu nhan duong FOS va téc do thim mang loc (p < 0,05) d6i voi tat ca
cac bién phu thuoc. Dua trén biéu d6 bé mait phan tmg va duong déng muc, diéu kién xit ly
enzyme toi wu & nong do pectinase G 1a 0,39%, nong do celllulase 1a T4 0,4%, nhiét do 50,4°C va
thoi gian 97,5 phat. Véi diéu kién t6i wu nay, thu nhan duong FOS dat 32,14%, toc do dong tham
dat 7,64 L/h/m?, thu nhan duong FOS ting 26,0% va toc do dong tham mang loc tang 53,4% so voi
mau do6i chimg (khong xit Iy bing enzyme). Dich chiét ctt hoang sin c6 sau qua trinh xi Iy
enzyme va loc mang siéu vi loc, co thé duoc st dung trong san xuat nuoc udéng hoic 1am nguyén
lieu dé phat trién cac san phdm thuc ph4dm khac.

Tit khéa: Bé mat ddp ung, dich chiét cu hoang sin co, xit Iy enzyme, fructooligosaccharides, toc

do tham mang loc.

1. DAT VAN BE

Cu hoang sin c6 (Smallanthus sonchifolius
(Poepp.) H. Rob.) 1a loai ré ci c6 thanh phan
cachohydrate chita 60 - 70% inulin, inulin trong cti
hoang sin c6 c6 muc do trung hop thap (DP tir 3 -
10), do @6 duogc coi la fructooligosaccharides [1].
Cu hoang sin c6 c6 do ngot khoang 70% so véi
duong sucrose, vi ngot cua cu do c6 duong FOS,
fructose, glucose va sucrose [2]. Thanh phan cta
ct twoi gdm: Nuoc 81,7%, saccharide 13 - 16%, chat
xo 0,9%, protein 1,09%, chat béo 0,08% va tro 1,1%
[3, 4]. FOS duoc cong nhan 1a prebiotic va chat xo
hoa tan, FOS khong bi thiy phan bdi enzyme tiéu
héa c6 trong da day va ruét non ctia nguoi, vi vay,

FOS khong sinh ning lwong, khong lam ting
duong trong mau. Bén canh do, tai ruot gia FOS
duoc 1én men béi vi khuan hitu ich Bifidobacteria,
tao ra cac axit mach ngan tc ché céac vi sinh vat
duong rudt co6 hai, giup tang hé vi sinh htu ich,
giam roi loan tieu héa... [5]. Hién nay, ct hoang
sin ¢ duoc stt dung trong cong nghiép thuc phdm
dudéi dang nguyen liéu bé sung véi cac dic tinh
nhu: Prebiotic, chat lam ngot, chat xo va lam thuc
phdm 4n kiéng cho nguoi bi bénh béo phi va bénh
dai thao duong [6].

Polysaccharide c6 trong ct hoang sin c¢6é chu

yéu la cellulose va hemicellulose va luong nho
pectin [7]. Do @6, khi loc thuong hinh thanh can
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bam trén mang lam gidm toc do dong va lam tic
nghén mang loc. Tuy nhién, cic hop chat
cellulose, hemicellulose va pectin sé dugc phan
hay boéi qua trinh tién xtt ly dich béi enzyme
pectinase, cellulose nham tang dong thim trong
qua trinh siéu vi loc va thdm thiu nguoc cta dich
chiét [8, 9]. Qua trinh xtt ly dich chiét bang
enzyme nham thiy phan polysaccharide thuong bi
anh hudéng bdi mot s6 yéu té6 nhu nong do enzyme,
nhiét do, thoi gian [10, 11]. Bén canh d6, dé thu
duoc xi-r6 tuir ¢t hoang sin ¢6 ¢6 ham luong FOS
cao, xtt ly dich chiét ca hoang sin c6 st dung
enzyme pectinase, cellulose thuong mai ctia hiang
Novozyme (Pan Mach) va anh huéng cta né doi
véoi qua trinh loc mang da duoc thuc hién. Tuy
nhién, anh huéng cua timg yéu t6 xit Iy doi voi thu
nhan FOS va hiéu suat loc qua mang siéu vi loc
chua duoc lam ro [12, 13].

Trong nghién cttu nay, nong do enzyme, nhiét
@0 va thoi gian G cta qua trinh xt Iy duoc chon la
cac bién doc lap dé t6i wu hoa dich chiét ctt hoang
sin c6 st dung enzyme pectinase va cellulose
(Amano - Nhat Ban). Day la nhing yéu t6 chinh
anh hudng dén co ché hoat dong ctia enzyme doi
voi dich chiét ct hoang sin co [13, 14]. Muc tiéu
ctia nghién ctu nay la thuc nghiém da yéu to
(néng do enzyme, nhiét do va thoi gian) va t6i wu
qua trinh thu nhan dueong FOS cao nhat va kha
nang loc nhanh dich chiét tir ctt hoang sin c6 bing
phuong phap bé mat dap tng.

2. NGUYEN VAT LIEU VA PHUONG PHAP

2.1. Nguyén vt liéu

2.1.1. Vat liéu thi nghiém

Cu hoang sin co6 thu tai huyén Bat Xat, tinh
Lao Cai, loai ctt 10 thang tudi. Ct duoc rira sach,
loai bo cac vét thoi hong va bao quan trong ti lanh
(8 + 2°C) cho dén khi str dung.

Mang UF c6 khéi luong phan ti 10 kDa (UF-
10), dién tich hoat dong 0,00572 m?2, dugc lam
bang polyethersulfone (hang Synder Filtration,
Vacaville, Hoa Ky).

2.12. Enzyme

Enzyme pectinase G “Amano” (viet tat
pectinase G) tit chiing Aspergillus pulverulentus,
¢6 hoat tinh endo PGase > 1.200 U/g va cellulase

T “Amano” 4 (cellulase T4) tit chiing 7richoderma
reesei ¢6 hoat tinh cellulase > 280 U/g. Hai
enzyme nay hoat dong & pH t6i vu 4,5 - 5,0 do
Cong ty Amano Enzyme Inc. Nagoya, Nhat Ban
cung cap.

2.2. Phuong phap thuc hién
2.2.1 X ly cii hodng sin co

Ct hoang sin co rira sach, cat lat day khoang
1,5 mm x 0,5 mm va chan bing hoi nuéc néng
95°C chura 0,2% axit ascorbic va 0,5% canxi clorua
trong 6 phut, sau do rtra lai va 1am lanh trong bé
nuoc da trong 3 phut [4]. B6 sung nudc theo ty 1&
ct: nudce 1a 1: 2, nghién nhé ct bing may xay sinh
to trong 2 - 3 phut cho dén khi thu duoc dich dong
nhat va stt dung lam nguyeén liéu cho qua trinh xit
1y bang enzyme.

22.2. X Iy dich cu hoang sin co bang enzyme

- Xt ly dich ct don yéu to: Tién hanh xit ly
dich ¢ hoang sin co riéng ré theo timg yéu t6 tai
noéng do enzyme pectinase G (0,1 - 1,0%), nong do
enzyme cellulose T4 (0,1 - 1,0%), nhiét d6 (40 -
60°C) va thoi gian (30 - 150 phat). Dua trén két qua
xtt ly don yéu t0, xac dinh khoang phu hop dé tién
hanh xi ly diéu kién xt ly dich ct da yéu t6.

- Xtt Iy dich ct da yéu to: Dich ctt hoang sin c6
duoc xtr Iy bang enzyme theo cac diéu kién khac
nhau nhu trong bang 1. Mau d6i chimg 12 mau
khong c6 enzyme duoc xtt ly & 80°C trong 60 phut
[15]. Qua trinh xi ly duoc thuc hién trong bé 6n
nhiét (Elma, S 300H, Elmasonic, Dtc) co6 kiém
soat nhiét do voi do chinh xac + 0,1°C. b6 pH cua
dich ct1 hoang sin ¢c6 sau qud trinh x ly ct duoc
gitt & gia tri pH 1a 4,5 va duoc loai trir khoi thiét ké
thi nghiém RMS vi d¢ pH duoc coi 1a t6i wu cho
enzyme pectinase va cellulose [13]. Két thiac qua
trinh x1t Iy enzyme nang nhiét 6 lén 90°C trong 5
phut, sau d6 lam nguoi dung dich bang nudc lanh
dén nhiét do phong va loc dich qua gidy loc, loai
bé chat ran lo ltng, bao quan trong t -5°C va st
dung cho qua trinh UF.

2.2.3. Phuong phap bo tri thi nghiém va tor vu
hda diéu kién xit Iy dich chiét

Bon thong s6 cta qua trinh xit ly gom: Nong
do pectinase G (A), nong do cellulose T4 (B),
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nhiét do (C) va thoi gian (D). Thi nghiém duoc bo
tri theo kiéu truc tam quay (Rotatable Central
Composite Design - RCCD) va ma tran thi nghiém

duoc xay dung bang phan mém Design Expert
13.0® dugc trinh bay trong bang 1.

Bang 1. Pham vi va muc d6 thir nghiém ctia cac bién doc lap

Bién thuc Don vi Biiré;na Kho‘jlr;égnbié'n Muc ma hoa
-0 -1 0 +1 +o
Pectinase G % A 0,2-0,5 0,05 0,2 0,35 0,5 0,65
Cellulase T4 % B 0,2-0,5 0,05 0,2 0,35 0,5 0,65
Nhiét do °C C 45-55 40,0 45,0 50,0 55,0 60,0
Thoi gian phut D 60 - 120 30,0 60,0 90,0 120,0 | 150,0

Trong so6 30 thi nghiém duoc tién hanh (Bang
2), ¢6 16 (2%) thi nghiém ¢ hai mic (trén va dudi),
8 (2 x 4) thi nghiém & diém sao va 6 thi nghiém &
tam. Mo hinh toan hoc mé ta anh hudng ctia cac
bién doc lap doi voi bién phu thuoc cé dang ham
da thitc bac hai cé dang téng quat nhu sau:

Y = by+ bA+ b,B+ b,C+ bD+ b, AB+
bAC = byAD — byBC — byBD + by, CD — b,A” -
b,B? = b,C;2 - b,D? (1)

Trong do: Y 1a bién phu thuoc (ham muc tiéu);
by, b, by, b, la cac hé s6 bac 1; by, by, bas, by
la hé s6 bac 2; b, ,, b,s, by, 1a hé s6 tuong tac cta
timg cap yéu t0; A, B, €, D, AB, AC, AD, BC, BD,
€D, A%, B2, ¢?, D7 1a bién ma hoa (bién doc 1ap)
anh huong dén ham muc tiéu Y.

2.24. Kiém dinh thuc t€ mé hinh t6i vu hoa

Dua vao két qua thu duoc tir thi nghiém theo
RSM-CCD, phan mém Design-Expert 13 phan tich
va dé xuat cac giai phap dé thu duoc ham luong
FOS va téc do thaim mang UF cao nhat. Sau d6 thi
nghiém kiém dinh thuc t€ moé hinh duoc thuc hién
3 lan lap lai, 1dy két qua trung binh.

2.3. Phuong phap phan tich

2.3.1. Phuong phdp xdc dinh ham Iluong
fructooligosaccharide

Ham luwong FOS duoc phan tich bing phuong
phap quang phd st dung KIT fructan thwong mai
K-FRUC Kit, hang Megazyme Ireland [16]. Cac
quy trinh phan tich do nha san xuat dé xuat duoc
tuin th nghiém ngit va ham luong duong FOS
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duoc tinh toan va biéu thi bang phan tram (%) khai
luong kho. Ham luwong FOS duoc tinh theo cong
thue (2):
FOS (%w/w) =AAXFX5X25XEX% X
1 162
1000 180 @)

Trong do6: 44 1a do hap thu mau — do hap thu
mau trang,; F1a he s6 chuyén déi gia tri do hap thu
thanh pg D-fructose (=54,5 mg D-fructose)/(do
hap thu cta 54,5 mg D-fructose); 5 1a hé s6 dé
chuyén d6i tir 0,2 ml trong phan tich thanh 1,0 ml;
25 1a thé tich chat chiét duoc st dung (ml); E Ia

xD

0,2 ml duoc 1ay tir 1,1 ml dich phan hily enzyme dé
phan tich; W1a khéi luong ctia mau chiét (mg); %
la hé s6 dé biéu thi fructan dudi dang phan tram
khdi luong mau; —— 12 he s6 dé chuyén ddi tir g
sang mg; % la he s6 dé chuyén ddi tir D-fructose
tu do thanh anhydrofructose va anhydroglucose; D
la do pha loang thém cta dich chiét mau.

2.3.2 Xdc dinh toc do dong thim mang

biéu kién loc UF duoc thuc hién & 25°C va ap
sudt loc 1a 1,2 bar (theo khuyén céo ctia nha san
xuat) tuan hoan tit ca dong khong qua mang trong
bé cép lieu. Qua trinh UF dimng lai khi dat 80% kha
ning thu héi dich khong qua mang. Khi két thuc
qua trinh loc, dong khong qua mang (retentate) va
dong qua mang (permenate) duoc luu gitr riéng
biet & 10°C. Sau mébi thi nghiém, mang UF duoc
lam sach bang dung dich NaOH (0,35 g/1 pH 10 -
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10,5) va dung dich axit citric (5 g/1 pH 2,0) [12]. 2.4. Phuong phéap xtt Iy s6 liéu

Cac mau dong khong qua mang duoc st dung St dung phan mém Design-Expert (phién ban
phan tich duong FOS, dong qua mang dung d€ xac 13 Gtat.-Fase Inc., USA) dé phan tich phuong sai
dinh téc do tham mang loc. Hiéu suét loc duoc (ANOVA), tinh toan hé so ctia phuong trinh héi
dugc xac din}} qua toc cj[(} flbng tham qua ma:1ng loc  quy va dé xudt giai phap cho mo hinh t6i uu hoa.

J (L/h/m’) va duoe mo ta trong phuong trinh (3) 3. KET QUA NGHIEN CUU VA THAO LUAN

[8]. ) ;

1 AW 3.1. Thiét lap mo hinh t6i vu héa
1= Am At (3) Sau khi tién hanh thuc nghiém nhu quy

hoach, thu duoc két qua ham luong duong FOS va
toc @0 dong thdm qua mang UF (Py,) duoc thé
hién & bang 2.

Trong d6: Am la dién tich mang loc (m?;
AW/At 1a dung luong thim; AW thu duoc theo
thoi gian At (L/h).

Bang 2. Két qua bé tri thi nghiém theo quy hoach truc tam quay

Yéu t6 anh huéng
STT Gia tri ham muc tiéu
Bién ma hoa Bién thuc
AlBlclip Pectinase G| Cellulose T4 | Nhiét d6 | Thoi gian | Puong | . )
(%) %) 0 (phut) | FOS (%) | (L/h/m")
1 10111 0,2 0,2 45,0 60,0 22,030 4,400
2 1] -1]-1]-1 0,5 0,2 45,0 60,0 22,760 5,400
3 11 |11 0,2 0,5 45,0 60,0 27,750 6,350
4 1 1|11 0,5 0,5 45,0 60,0 26,750 7,075
5 10111 0,2 0,2 55,0 60,0 22,250 5,110
6 1 /-1]-1]1 0,5 0,2 55,0 60,0 25,580 7,025
7 1111 0,2 0,5 55,0 60,0 25,300 6,300
8 1 1|11 0,5 0,5 55,0 60,0 26,240 7,550
9 10111 0,2 0,2 45,0 120,0 23,100 6,275
10 1 /-1]1]-1 0,5 0,2 45,0 120,0 25,430 6,850
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11 -1 1 1|1 0,2 0,5 45,0 120,0 26,020 7,500
12 1 1 1|1 0,5 0,5 45,0 120,0 26,300 7,200
13 11711 0,2 0,2 55,0 120,0 24,500 6,040
14 1 71711 0,5 0,2 55,0 120,0 27,930 7,325
15 -1 1 1|1 0,2 0,5 95,0 120,0 26,430 6,250
16 1 1 1|1 0,5 0,5 95,0 120,0 29,500 7,110
17 | 0|00 0,05 0,35 50,0 90,0 24,300 4,725
18 a 0010 0,65 0,35 50,0 90,0 28,800 7,530
19 0O -] 0|0 0,35 0,05 50,0 90,0 25,140 5,375
20 0 a | 0|0 0,35 0,65 50,0 90,0 29,540 7,375
21 0 0]0 |-« 0,35 0,35 40,0 90,0 20,230 5,925
22 0 00| a 0,35 0,35 60,0 90,0 21,380 6,550
23 0 0 |-a|0 0,35 0,35 50,0 30,0 26,350 5,725
24 0 0 | a0 0,35 0,35 50,0 150,0 29,200 7,350
25 0 01010 0,35 0,35 50,0 90,0 32,940 7,470
26 0 0010 0,35 0,35 50,0 90,0 33,820 7,600
27 0 0010 0,35 0,35 50,0 90,0 33,670 7,550
28 0 0010 0,35 0,35 50,0 90,0 32,360 7,675
29 0 01010 0,35 0,35 50,0 90,0 32,890 7,425
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30 0 0010 0,35 0,35 50,0 90,0

32,760 7,780

bai
ching

80,0 90,0 25,5 4,98

3.2. Phan tich su c6 nghia va si teong quan
ctia mo6 hinh

Két qua & bang 2 va phan tich héi quy tuyén
tinh ctia 30 thi nghiém dugc thé hién trong
phuong trinh da thiic bac hai (phuwong trinh 4 va 5)
va duoc biéu dién bang d6 thi trong hinh 1 va 2
(cac duong déng muc). Phan tich ANOVA duoc
phuong trinh héi quy ham muc tieu ham luong
duong FOS (Y1) va toc do dong thdm qua mang
loc (Y2) nhu sau:

Y1 = 33,07 + 0,9212*A + 1,23*B + 0,4121*C +
0,6771*D - 0,4081*AB + 0,5269*AC + 0,3194*AD -
0,3931*BC - 0,3831*BD + 0,4644*CD - 1,65*A” -
1,45*B?- 3,09*C*- 1,35*D* (4)

Y2 = 7,58 + 0,5383*A + 0,4546*B + 0,1212*C +
0,3579*D - 0,14*AB + 0,2609*AC - 0,1544*AD -
0,2181*BC - 0,2356*BD - 0,2412*CD - 0,3364* A? -
0,2745* B*- 0,3089*C? - 0,2339* D* (5)

Bang 3. Két qua phan tich héi quy ham hrong dudng FOS va téc d6 dong thim mang loc

. . Toc do dong tham mang siéu vi loc
0, v Y
Ham luwong duong FOS (%) ¥2)
Mo hinh
Giatri F Gia tri p Gia tri F Gia tri p
Gid tri k‘er}rllif}‘l“h cuamo 87,29 <0,00018 40,21 <0,0001
A 58,58 <0,00018 151,32 <0,0001
B 104,36 <0,00018 107,90 <0,0001
c 11,72 0,0038° 7.68 0,0143°
D 31,64 <0,00018 66,89 <0,0001
AB 7.66 0,0143° 6,82 0,0196°
AC 12,77 0,0028° 14,90 0,0015°
AD 4,69 0,0468° 8,30 0,0114
BC 7.11 0,0176° 16,56 0,0010°
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BD 6,75 0,0201° 19,33 0,0005°
CD 9,92 0,0066° 20,26 0,0004°
A? 215,23 <0,0001° 67,51 <0,0001%
B? 166,84 <0,0001% 44,96 <0,0001°
c? 752,25 <0,0001% 56,92 <0,0001°
D* 142,82 <0,0001° 32,63 <0,0001°
Khéng twong thich 1,16 0,4622 3,49 <0,0001%
He s6 xac dinh (R?) 0,9879 0,9740
He s6 bién di (CV%) 2,18 3,22
He s6 (R) hiéu chinh 0,9766 0,9498
He so (R?) tién doan 0,9459 0,8648

Ghi chu: S (significant): Co nghia (p < 0,05); NS (non-significant): Khong co nghia (p > 0,05).

Két qua & bang 3 cho thay, gia tri kiém dinh F
(F - value) cta mo hinh Y1 1a 87,29 va Y2 1a 40,21
voi gia tri p < 0,0001 cho thdy, mé hinh hoan toan
c6 y nghia thong ke voi do tin cay 99,99%. Cac bién
A B, C, D, AB, AC, AD, BC, BD, CD, A?, B?, C?, D?
c6 gia tri p déu nhé hon 0,05 ching t6 bon yéu to
pectinase G, cellulose T4, nhiét ¢ va thoi gian
teong tac nhau c6 y nghia théng ké. Suw khong
twong thich cta Y1 1a 1,16 (p = 0,4622) va Y2 la
3,49 (p < 0,0001), diéu d6 chimg minh sw khong
tuong thich khong cé y nghia, hay mé hinh Y1 va
Y2 hoan toan tuong thich véi thuc nghiém.

Két qua phan tich ANOVA cho thdy, hé so
xac dinh (R cta mo hinh Y1 1a 0,9879 thé hién
mo hinh ham muc tiéu ham luong duong FOS
phu hop véi s6 lieu & muic 98,79% va Y2 1a 0,974
thé hién moé hinh ham muc tiéu téc do dong
tham mang loc phu hop voi s6 liéu & mic 97,4%.
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Hé so6 R® diéu chinh Y1 1a 0,9766 cho thdy, cac
bién doc lap néng do enzyme, nhiét do va thoi
gian giai thich dwoc 97,66% su bién thién cda
ham luwong duong FOS, con lai 2,34% duwoc giai
thich béi cac bién ngoai moé hinh va sai s6 ngau
nhién. Tuong ty, he s6 R? diéu chinh Y2 Ia
0,9498 sé c6 94,98% su bién thién ctia toc do
dong tham, con lai 5,02% cac bién ngoai mo hinh
va sai s6 ngau nhién. R2 dy doan Y1 1a 0,9459
phu hop voi R? diéu chinh 1a 0,9766 va R2 du
doan Y2 1a 0,8646 phu hop voi R? diéu chinh 1a
0,9498; tirc 1a su khac biét Y1 va Y2 nho hon 0,2.
Ty le tin hiéu so v6i nhiéu Y1 1a 33,7 va Y2 la
7,58, déu c6 gia tri 16n hon 4 chi ra rang tin hiéu
da day da. He so bién di cta thi nghiém Y1 &
muc thap 1a 2,18% va Y2 1a 2,45% chimg to thi
nghiém thuc hién chinh xac va @ lap lai cao
[17].
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3.3. Anh huéng ctia cic yéu t6 dén qua trinh
xit ly dich ci1 hoang sin co

Duong dong mic ba chiéu gém cac truc X va
Y dai dién cho 2 yéu t6, truc Z 1a moét trong 2 chi s6
danh gia 1a ham luong duong FOS va téc do dong

Y1: FOS (%)

g
g

S ‘0‘0“:““\‘ S8
RIS
ZSRIRSS

Y1: FOS (%)
Y1: FOS (%)

(d

SRS

29626500 “\
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tham mang siéu vi loc (Hinh 1 va 2). Mdi hinh thé
hién tac dong ctia hai yéu t6 va hai yéu t6 con lai
c6 dinh & mttc d6 trung binh.

3.3.1. Anh hudng ctia céc yéu t6 dén qud trinh
thu nhin duong FOS
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Hinh 1. Puong déng mic ba chiéu biéu thi thong s6 t6i rru dén ham luong duong FOS

(a): Pectinase G va Cellulose T4, (b): Pectinase G va nhiét do,; (c): Pectinase G va thoi giam, (d):
Cellulose T4 va nhiét do, (e): Cellulose T4 va thoi gian;, (). Thor gian vd nhiét do.

Hinh 1a cho thdy, su tuong tac cta 2 yéu to
pectinase G va cellulose T4 c6 y nghia anh huéng
dén ham luong duong FOS thu duwoc p < 0,05 (p =
0,0043). Khi ting déng thoi nong do pectinase G
0,33 - 0,45% va cellulose T4 1a 0,33 - 0,46%, ham
luong FOS thu nhan cao (dat trén 33%), néu nong
do enzyme ti€p tuc tang thi ham luong FOS sé
giam. Theo quy luat nghién cttu, van t6c phan tmg
tang khi néng do enzyme tang, nhung khi nong do
enzyme bao hoa v6i néong do co chat thi van téc
phan tng khong thay d6i khi ting nong do
enzyme [13]. Hinh 1b thé hién twong tac cé y
nghia clia cdp yéu t6 nong do pectinase G voi nhiét
do doi voi thu nhan FOS do p < 0,05 (p = 0,0028).
Két qua thu nhan duong FOS cao khi pectinase G
trong khoang 0,33 - 0,46% va nhiét d¢ trong

khoang 49 - 51,5°C. Bén canh do, cellulose T4
twong tac voi nhiét d6 p < 0,05 (p = 0,0176) ham
lwong FOS tang khi néng do cellulase T4 cung
nhiét do tang va dat cuc dai trong khoang 0,34 -
0,41% v6i nhiét do trong khoang 49 - 53°C, néu
noéng do cellulase T4 va nhiét do tiép tuc tang thi
ham luong FOS sé giam (Hinh 1d).

Su twong tac cua ndéng do6 pectinase G,
cellulose T4 vé6i thoi gian phut (Hinh 1c va le),
cho két qua thu nhan duong FOS cao trong
khoang thoi gian tang tir 83 - 114 phut khi st dung
pectinase G 0,33 - 0,45% hodc cellulose T4 trong
khoang 0,32 - 0,47%. Voi su twong tac cap yéu to
nhiét do va thoi gian (Hinh 1f) c6 nghia dén ham
lwong FOS thu duoc p < 0,05 (p = 0,0066). Thu
nhan duong FOS cao trong khoan thoi gian 85 -
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108 phut va nhiét d6 49,5 - 51,5°C. Khi nhiét d¢ va
thoi gian tiang thi thu nhan duong FOS gidm dan,
khi nhiét d6 ting trén 52°C duong FOS giam co

o et

—

S

Y2 T6c 46 dong thdm qua mang ((L/h/m2))
Y2: Téc a6 dong tham qua mang ((/h/m2))

Y2 Téc 46 dong thim qua mang ((L/h/m2))
Y2 Téc 66 dong thim qua mang ((Vh/m2) )

thé do protein bi bién tinh dan dén hoat tinh
enzyme giam & nhiét do cao.

3.3.2. Anh hudng ctia cdc yéu t6 dén qua trinh
loc mang siéu vi loc

Y2: Téc d6 dong thim qua mang ((/h/m2) )

Y¥2: Téc d6 dong tham qua mang ((I/h/m2) )

Hinh 2. Puong déng mic ba chiéu biéu thi thong s6 t6i ru dén tdc do dong tham mang loc

(a): Pectinase G va Cellulose T4, (b): Pectinase G vd nhiét do; (c): Pectinase G va thoi gian, (d):
Cellulose T4 va nhiét do; (e): Cellulose T4 va thoi gian; () Thoi gian va nhiét do.

Hinh 2a va bang 3 thé hién tuong tac co y
nghia cta néng do pectinase G va cellulose T4
doi voi toc o dong thadm mang loc p < 0,05 (p =
0,0196). Toc do dong thadm ting tuyén tinh khi
nong do pectinase G tir 0,4 - 0,5% hoac cellulose
T4 tir 0,39 - 0,5%. Toc do dong tham ting cé thé
x4y ra khi dong thoi giam cellulose T4 ti 0,2 -
0,42% va tang pectinase G tir 0,2 - 0,42%. Két qua
nay phu hop v6i cac nguyén ly chung ctia qua
trinh xt ly enzyme truéc khi loc, enzyme
pectinase va cellulose c6 hiéu qua trong viéc
thuy phan va giam kich thuwéc phan t&
polysaccharide c6 trong cu hoang sin co, ting
toc do dong tham va tao diéu kién thuan loi cho
qua trinh loc [13].

Su twong tac gitra nong do pectinase G va
nhiét do co y nghia p < 0,05 (p = 0,015) déi voi toc

do dong tham mang UF. Khi ting pectinase G ti
0,28 - 0,5% & nhiét do 45 - 55°C thi t6c do dong
thim mang UF dat gid tri cao (I6n hon 7,0
L/h/m? (Hinh 2b). Déi véi tuong tac nong do
pectinase G va thoi gian (Hinh 2c) cho thdy,
pectinase G va thoi gian c6 thé khong phu thuoc
lan nhau néu tiang pectinase G (0,36 - 0,5%) hoac
thoi gian (104 - 120 phut) cho toc do dong tham
mang dat cao nhat. Néu ting pectinase G ti 0,2 -
0,36%, déng thoi giam thoi gian trong khoang 60 -
104 phat, toc do dong tham mang UF dat do cé su
tuong tac ctia ndong do pectinase G va thoi gian p <
0,05 (p =0,0114).

Doi voi tuong tac cellulose T4 v6i nhiét do,
toc do thim mang UF dat cao khi cé su tuong
tac déng thoi cellulose T4 trong khoang 0,2 -
0,3% va nhiét do trong khoang 45 - 52°C, & nhiét
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@6 16m hon 52°C can c6 tuong tac voi lwong nhd
cellulose T4 (0,2 - 0,23%), khi tang cellulose T4
tr 0,31 - 0,5% thi toc do mang tham UF khong
phu thuoc vao nhiét d6 trong khoang 45 - 55°C
(Bang 3 va hinh 2d). Hinh 2e va bang 3 thé hién
su trrong tac gitta cellulose T4 va thoi gian t6i toc
do thim mang UF c6 y nghia thong ke p < 0,05
(p = 0,0005), cellulose T4 ting tix 0,2 - 0,36% can
thiét co6 su twong tac véi yéu to thoi gian tang tir
60 - 100 phut. Bén canh d6, toc do dong thim
mang c6 thé dat cao khi cellulose T4 trong
khoang 0,37 - 0,5%, hoac thoi gian tir 60 - 101
phut. Sy tuong tac thoi gian va nhiét do téi toc
@6 mang tham c6 anh hudéng nhd téi téc do tham
mang, khi thoi gian nho hon 82 phut hoac nhiét
d6 nhé hon 50°C thi can c6 su tuong tac dong
thoi ca hai yéu to, trong khi thoi gian 16n hon 82
phut hoac nhiét do 16n hon 50°C thi toc do tham
mang dat cao.

3.4. Kiém dinh thuc t€ mé hinh t3i wu héa

Két qua phan tich tdi wu hoa 30 thi nghiém tai
bang 2 trén phan mém Design -Expert® 13.0 cho
thay, khi stt dung noéng do pectinase G 0,35%,
cellulose T4 1a 0,35%, thoi gian 90 phat va nhiét do
50°C. Ham luong FOS thu dugc cao nhat 1a 33,82%,
toc do dong tham mang loc UF dat 7,78 L/h/m?.

Tuy nhién, dé t6i vu héa qua trinh san xuét can vu
tién thu nhan ham luong duong FOS cao va toc do
dong thdm mang cao nhat. Tién hanh kiém tra tinh
diung dan ctia mo hinh t6i wu, tai 01 diém toi wu
ngau nhién theo mo6 hinh goi y & bang 4 tai cac
thong so6: Nong do pectinase G 1la 0,39% va
cellulose T4 1a 0,40%, nhiét do 50,4°C va thoi gian
97,5 phut, tir d6 chon két qua mong doi toi wu
nhat. Qua két qua kiém dinh gia tri t6i vu tir thuc
té, ham luong FOS thu duoc dat cao nhat 1a 32,14%
va toc do dong thdm mang UF 13 7,64 L/h/m? Két
qua kiém nghiém thuc té cho thdy, ham luong
FOS thu duoc va toéc do dong tham mang thap hon
so v6i mo hinh thuat toan, da thé hién tinh phu
hop voi gia tri da to6i vu cia mé hinh. Nhu vay,
diéu kién xtt Iy enzyme toi uu dé xuat 13 pectinase
G 0,39%, cellulose T4 1a 0,4%, nhiét do 50,4°C va
thoi gian 97,5 phut.

Bang 2 va 4 cho thdy, diéu kién xtt ly tai nong
do enzyme, nhiet do va thoi gian toi vu c6 két qua
thu nhan duong FOS dat cao nhat 1a 32,14% va toc
do dong thdm mang UF dat 7,64 L/h/m? Nhu vay,
qua trinh xtt ly bing enzyme da thu nhan duong
FOS tang 26,0% va toc do dong tham ting 53,4% so
v6i mau khong xtr ly enzyme trudc khi loc (25,5%
va 4,98 L/h/m? tuong tmg).

Béng 4. Kiém dinh gi4 tri t6i vu dat duoc tir mé6 hinh so véi thuc nghiém

biéu kién tdi uu

Theo thuat toan

Gia tri thuc nghiém (*)
tai cac thong sé toi vu

A B C D Duong FOS P buong FOS P
(%) (L/h/m?) (%) (L/h/m?)
0,39 0,40 50,4 97,5 33,52 7,86 32,14 £ 0,02 7,64 £0,03

Ghi chu: (*): Gid tri trung binh cua ba l4n thuc nghiém (n=3).

4. KET LUAN

Phuong phap bé mat dap ung duoc st dung
thanh cong dé thiét 1ap cac bién toi wu trong qua
trinh xtt Iy dich chiét ctt hoang sin c6 bing enzyme
trude khi loc mang UF. Xt ly véi enzyme pectinase
G va cellulose T4 da cho hiéu suat loc loc UF tot
hon va thu nhan dudng FOS cao. Cac diéu kién xt

ly t6i wu & nong do pectinase G 1a 0,39%, cellulose
T4 1a 0,40%, nhiét @6 50,4°C va thoi gian 97,5 phut.
Voi diéu kién xtx Iy duoc t6i wu héa nay, thu duoc
dich chiét ctia hoang sin c6 c6 ham thu nhan
duong FOS tang 26,0% va toc do dong thdm mang
UF tang 53,4% so voi mau khong xtt ly bing
enzyme.
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OPTIMIZATION OF TREATMENT CONDITIONS OF HOANG SIN CO EXTRACT
USING RESPONSE SURFACE METHOD

Do Thi Thanh Huyen!, Nguyen Manh Dat!, Nguyen The Huynh’,
Nguyen Thi Thu!, Nguyen Thi Hong Linh!, Chu Thang', Nguyen Khanh Hong?
! Department of enzyme and protein technology, Food Industries Research Institute
?Facultry of Biotechnology, Ha Noi Open University
Summary

Response surface methodology was used to establish optimal conditions for the enzymatic
treatment of the cylindrical root extract with maximum fructooligosaccharides (FOS) uptake and
high membrane permeate flow rates. Process the extract under the following conditions:
pectinase G concentration (0.2 - 0.5%), cellulase T4 concentration (0.2 - 0.5%), temperature (45 -
55°C) and time (60 - 120 minutes). Regression model with significant coefficient of determination
R? = 0.9879 and 0.9853, corresponding to the change in FOS sugar content and ultrafiltration
membrane permeation flow rate. Pectinase G concentration is a factor that greatly affects the
ability to absorb FOS sugar and membrane permeation rate (p < 0.05) for all dependent variables.
Based on the reaction surface plot and contour lines, the optimal enzyme treatment conditions
were at pectinase G concentration of 0.39%, celllulase T4 concentration of 0.4%, temperature
50.4°C and time 97.5 minutes. With these optimal conditions, the FOS content is 32.14%, the
permeate flow rate is 7.64 L/h/m? and compared to the control sample (not treated with
enzymes) it increased by 26.0% (FOS content), 53.4% (permeate flow rate). After enzyme
treatment and filtration, the extract of hoang sin co roots can be used in drinking water formulas
or as raw materials to develop other products.

Keyworks: Fructooligosaccharides, enzyme treatment, response surface methodology, permeate
flux, yacon juice.
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