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TOI U DA MUC TIEU QUA TRINH TINH SACH
FRUCTOOLIGOSACCHARIDES (FOS) BANG MEMBRANE G5

LE THI HONG ANH, LE XUAN HAI, NGUYEN DINH THI NHU NGUYEN

1. GIOI THIEU

Fructooligosaccharides (FOS) 1a céac oligomer fructose trong d6 cac nhém fructosyl duoc
gin vai saccharose & vi tri B-2,1, thuong duwgc mo ta bang cong thirc GF,, trong d6 G chi nhém
glucosyl va F chi nhém fructosyl, n 1a s nhém fructosyl [6]. Phd bién nhit 1a 1-kestose (GFE),
nystose (GF;) va 1F—fruct0furanosy1 nystose (GF,) [4].

FOS phd théng thu dugc tir viéc chuyén héa saccharose dudi tic dung cua enzyme
fructosyltransferase thuong chi dat nong d6 50 — 60%, con lai hon 40 — 45% la saccharose,
fructose va glucose, trong d6 glucose chiém khoang 25 — 30%. Nguyén nhan la glucose, san
pham phuy cua phan ng, tc ché hoat tinh cia enzyme, 1am giam do tinh khiét caa FOS. Vi thé
mudn thu duge FOS ¢6 d6 tinh khiét cao (FOS cao d9) hodc FOS tinh khiét, can phai tich bo
hodc chuyén héa lugng glucose, fructose va saccharose béng cac phuong phdp khic nhau nhu
phuong phép enzyme, 1én men, sic ky loc gel, phuong phap membrane (loc nano) [2]. Trong 50
d6 loc nano 1a mot phuong phdp c6 nhiéu tiém ning trong tinh sach va c6 dic hdn hop
oligosaccharides & quy mod cong nghiép [5].

Céc tiéu chi thé hién kha nang hoat dong ctia membrane 1a d§ phan riéng chét tan R (%) va toc
do dong permeate J (lit/mz.giér) chiu anh hudng cta luu lugng nhdp liéu F (lit/phiit) va ap suat P
(bar). Qua trinh tinh sach FOS béng membrane G5 (Osmonic, My) duorc danh gid 1a hi€u qua khi do
phan riéng monosaccharides, saccharose thap, do phan riéng FOS va toc do dong permeate cao [2].
Pé xéc dinh Iuu luong nhap liéu, ap suat van hanh thich hop, can xdc lap va gidi bai todn t6i wu
(BTTU) da muc tiéu bang phuong phap viing cAm véi chuan tdi wu t6 hop R(Z).

2.NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu — Hoa chét — Thiét bi

- FOS: gém GF,, GF; va GF, (55-65%), glucose, fructose va saccharose.
- Nudc: su dung nudce da qua xur 1i loc thim thau nguoc.

- Héa chat: FOS chuén (GF,, GF; va GF,) (Wako, Nhat); saccharose, glucose, fructose,
acetonitrile va nudc dé€ phan tich HPLC (Merck, Puc).

- Hé théng loc nano str dung membrane dang cudn xoan G5 (hang GE Osmonics, My).
2.2. Phuwong phap nghién ciru

- Phuong phép xdc dinh toc do dong permeate [2]
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Tbc do dong permeate dugc xac dinh la thé tich permeate chay qua mdt don vi dién tich
membrane trong mdt don vi thoi gian.

j=
AXt
v6i: J1a tbe d6 dong permeate, tinh bang lit/m”.gio; t 1a thoi gian, tinh bang gid; V 1a thé tich
permeate thu duoc trong thoi gian t, tinh bang lit; A 1a dién tich loc cia membrane, tinh bang m?,
- Phuong phdp phan tich héa li: xdc dinh thanh phin fructose, glucose, saccharose, FOS
(GF,, GF;, GF,) cua mau nhap li¢u va permeate bang phuong phdp sac ky 1ong cao dp trén may
HPLC Shimazu, véi cot phan t~1’ch NH, va dau do khic xa RID (Reflective’index detector), chay
o nhiét d6 40°C, pha dong la hon hop acetonitrile : nudc (75 : 25) vaéi van toc 0,6 ml/phiit.
- Phuong phép xac dinh d9 phan riéng [2].
D6 phén riéng ciia cdu tir duoc tinh bang cong thic sau:
R=(1-C,/Cs) x 100%
trong d6: R 1a d6 phén riéng cua cau t, tinh bang %; G, la ndng do cau tir trong dong permeate,
tinh bang mg/ml; Cr 12 nong do cu tir trong dong nhap heu tinh bang mg/ml.
- Phuong phép quy hoach toan phan bac 1 (2 mirc) dé xiy dyng md ta todn hoc biéu dién
céc ham muc ti€u thanh phan.
- Phuong phép viing cAm dé xdc 1ap va giai bai todn t&i wu 4 myc tiéu 3, 7, 8].

3. KET QUA VA BAN LUAN
3.1. Thiét 1ap cic ham muc tiéu thanh phin duwéi dang cac phwong trinh hoi quy

Qua trinh néng cao do tinh khiét cua FOS bang phuong phép loc nano phy thudc vio céc
yéu té: luu luong nhép liéu (Z,), ap sut van hanh (Z,). Tir cdc thi nghiém khao sit so bo da xdc
dinh dugc cdc diéu kién thi nghiém (bang 1), xdy dung ma trdn thyc nghiém toan phin véi
k = 2, tién hanh 4 thi nghi€m, 1ap 3 l4n va két qua duogc biéu dién & bang 2. Céc bién X1, Xp 12 céc
bién ma héa twong Ung cua Z;, Z,. Him muc tiéu thanh phan 1a I;(x;, x,) — téc do dong
permeate; I»(x;, X,) — d0 phan riéng cia FOS; I3(x;, X;) — d0 phan riéng ctua disaccharides;
I4(x1, X2) — d0 phén riéng ctia monosaccharides.

Bang 1. Muc va khoang bién thién cia cic yeu to

. Céc muc .
Yéu to Khoang bién thién
Muec trén, +1 Muc co so, 0 Muc dudi, -1
Z,, lit/phut 6 4,5 3 1,5
Z,, bar 20 12,5 5 7,5

Sau khi tinh todn cdc hé s hdi quy, kiém dinh su c6 nghia ciia cdc hé s6 hdi quy theo
chudn Student, kiém tra su twong thich ctia phuong trinh hoi quy véi thuc nghiém theo chuén
Fisher da thu duoc cac phuong trinh hoi quy Li(x1, X2), L(xy, X2), I3(x1, X3), L4(X1, X) mo td anh
huong cta luu lwong nhép liéu va dp suat dén téc do dong permeate, do phan riéng FOS, do
phan riéng saccharose va d6 phan riéng monosaccharides nhu sau:
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Il(Xl, Xz) = 36,73 + 1,02X1 + 18,60X2+ 0,65X1X2 (10)

L(xy, X2) = 78,62 + 0,45%; + 3,53%, - 0,23%;X, (11)

Ix(x1, X2) =48,56 + 0,96x; + 3,03x; - 0,74%;X, (12)

I4(x1, X2) = 21,33 + 1,74%x; + 1,81x,-0,71X;X, (13)

Déi vé bién thuc, ta dugc:

1 (Zy,7,)=5,92 -0,04227, + 2,227, + 0,05778Z,Z, (14)

R-FOS (Z,, Z,) =70,23667 + 0,5556Z, + 0,562667Z, - 0,02044Z,Z, (15)

R-S (Zy,7,) =36,93 + 1,462227,+ 0,7Z,- 0,065778Z,Z, (16)

R-M (Z,, Z,) =9,5433 + 1,94889Z, + 0,525337,- 0,06311Z,Z, (17)

Bdng 2. Ma tran thyc nghiém toan phan, k = 2 va két qua

Thi nghiém 1 2 3 4
X4 -1 +1 -1 +1
X, -1 -1 +1 +1
I, 17,67 18,52 53,78 56,91
I, 17,88 18,52 53,55 56,85
I ; 17,73 18,46 53,65 57,24

L1 17,76 18,50 53,66 57,00
L, 74,40 75,48 81,45 82,67
L, 74,26 75,80 81,78 82,11
L; 74,51 76,06 82,56 82,36
L 74,39 75,78 81,93 82,38
I;; 44,01 4747 51,11 51,80
I;; 43,88 47,19 51,60 52,23
I35 43,63 47,03 51,34 51,40
L1 43,84 47,23 51,35 51,81
I 17,00 22,14 22,35 24,01
L 17,25 22,08 22,15 24,15
Ls 16,93 21,78 21,83 24,38
L1 17,06 22,00 22,11 24,18

77



Téc d6 dong permeate
(lit/m? gi&)(GS)
B & &8 8

(a) (b)

Hinh 1. Anh huéng cua lvu lugng nhap liéu, 4p sudt dén toc do dong permeate (a)
va d¢ phén riéng FOS, do phan riéng saccharose, 6 phin riéng monosaccharides (b)

3.2. Giai cac bai toan toi wu mot muc tiéu

max min

Céc BTTU mot muc tiéu : L™ = max L;(x, X2); L™ = max L(x;, X»); L™ = min Li(xy, X2);
L™ = min I(x;, X,) voi mién gi6i han Q, = (-1 £ x,, X, < 1) duoc giai nho sy hd tro cua phan
mém Excel-Solver. Két qua tinh toan cho phép xidc dinh dugc cic thong so toi uu cho tung
BTTU mdt muc tiéu trong viung nghién ctru thyc nghiém:

Il max = 57 voi XLlOpt = 1, X2,10pt = 1,

12 max = 82,37 vOi X1,20m = 1; Xz,zopt = 1;
L™ =4383 véi x5 =15 x5 = -1
L™ =17,07 voi x4, =-1; x4, = -1.

Tap hop cdc gid tri toi wu cua tit ca cdc ham muyc tiéu (I,™, L™, ™", I,™") = (57; 82,37;
43,83; 17,07) dugc goi 1a hi¢u qua khong tuong (hay con goi 1a diém khong tuong IV" ) [3]. R
rang rang trong nghién ctru thyc nghiém nay da ching t6 rang x;;™ # x;, ™ (j # k) nén khong ¢
101 giai chung cho ca bon ham muc ti€éu dang xét. Trong truong hgp nay viéc tim nghiém toi uu
cho bon bai toan toi vu néi trén dugce giai quyet bang cach sir dung phuong phap viing cam dé
xac dinh nghi€m pareto-to6i wu cho mot bai toan toi wu da muc ti€u trong d6 bon ham muyc tiéu
dang xét dugc thay thé bang mot muc tiéu t6 hop R(xy, x») [3, 7, 8].

3.3. Giai bai toan ti vu da muc tiéu theo phwong phép viing cim

Bai todn tdi vu bdn muc tiéu dugc dat ra 1a tim nghiém pareto—téi uu dé hiéu qua paréto—téi
wu IF (IIP, IZP, I3P, I4P) céch xa vung cAm nhét.

Tir thuc té vé yéu ciu cong nghé thiy rang néu téc do dong permeate < 50 lit/m>.gid thi
thoi gian loc tuan hoan dé tinh sach s& rat dai, dan dén vira ton thoi gian, vira giam hiéu suat thu
héi FOS. Mit khic néu do phan riéng cua FOS < 75% thi FOS bi ton that nhidu qua dong
permeate, do d6 hiéu suat thu hdi FOS thip. Nguoc lai, néu do phan riéng ciia saccharose > 52%
va d6 phan riéng cua monosaccharides > 25% thi hi€u qua phan riéng saccharose va
monosaccharides theo dong permeate khong cao, khi d6 do tinh khiét ciia FOS thu dugc sau qud
trinh loc nano bi han ché. Piac biét membrane G5 cé kha ndng cho ca FOS, saccharose va
monosaccharides thim qua nén can thiét phai nghién ctru bai toan tdi uu 4 myc tiéu nay.
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Tir phén tich trén, x4c dinh dugc viing cam:

C={Ij:Il>C1=50;12>C2=75;I3<C3=52;I4<C4=25}.

Xay dung ham muc tiéu t6 hop [3,7,8]

R(x1, X2) = [11(X, X2).12(Xy, X2).13(X 1, Xp).I4(X), Xz)]l/4
trong d6

- v6i bai todn I; — min
1= [(G(x1, X2) = Cp / (L™ - ;)] khi Tj(x;, x2) <C;
1i(X1, X2) =0 khi Ii(xi,x2) > C;

- v6i bai todn I; — max
1= [(Li(x1, X2) = C) / (™ - Cj)] khi (x4, x2) > C;
ri(X1, X2) =0 khi Ii(x;, x2) <G

(18)

) Nhu vay ham muc ti€u td hop R dac trung cho khoang cach tir hi¢u qua I(x;, x,) toi
vung cam C. Ham la ham khong &m. R = 1 tmg voi hi¢u qua khong tuong 1P va R = 0 khi ¢6 it

nhat mot trong cdc ham muc tiéu Li(x;, X;) vi pham diéu kién cAm (18).
Trong bai bdo nay cic r; c6 dang:
ri(xy, x2) = (Ii(xy, X2) - 50)/(57 - 50) khi I;(x, x3) >50;
{ r(x;, x) =0 khi I;(x;,x2) <50

{ ra(x1, X2) = (L(x1, X2) - 75)/(82,37 - 75) khi  Iy(xy, x2) > 75;
(X, X)) =0 khi I(x, X)) <75
r3(Xy, X2) = (I1(x1, X») - 52)/(43,83 - 52) khi I3(xy, X5) <52;
{ 13Xy, X2) =0 khi Ii(x;, x,) >52
{ 14(X1, X2) = (I3(X1, X2) - 25)/(17,07 - 25) khi Lu(x1, X2) <25;
r4(X1, X2) =0 khi I4(xq, X)) >25

Bai todn t6i wu da muc tiéu dugc phat biéu nhu sau:

Hay xdc dinh luu lwong nhip liu Z, , dp suit vin hanh Z, (da dwgc ma héa thanh cdc

bién x,, x, twong itng) sao cho ham muc tiéu té hop R dat cuc dai.

Rua = R(Z®) = R(X®) = R(x,%, x.%) = max [r1(xy, X2)-12(X1, X2).13(X1, Xo)-1a(X1, X2)]"*

-1<X1,X2<1

(19)

Trong [7, 8] da chimg minh duoc rang Z® thu duoc tir bai todn tdi wu (19) 1a mot nghiém
pareto-tdi uu. Luu ¥ rang nghiém pareto- -tdi vu 1a nghiém khong thé bi vuot trdi boi bat ki mot
nghlem nao khéc, nghia la khong thé ton tai mot nghiém Z" nao d6 ma tit ca céc gid tri I(Z )

déu vuot troi cc gid tri I, (Z ) twong ung (xét theo ndi dung tdi vu cla timg ham muc tiéu).

Giai bai toan t6i uu (19) da xdc dinh duoc:
le: -1; x2R= 0,98
Roax = 0,344,
thay x,%, x," vao phuong trinh (10), (11), (12), (13) x4c dinh dugc:
I* =53,30; L"=81,85; L =51,29; L,*=22,06.
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Déi sang bién thyc:
Z,® = 3lit/phit; Z,% = 19,9bar.

Nhu vay theo tinh todn tir cic mo6 hinh théng ké thuc nghiém diéu kién loc nano dam bao
cho chuén t6i vu hop R dat cuc dai rng véi luu lugng nhap liéu 3 lit/phut, ap suit van hanh
19,9 bar. Khi d6 téc d6 dong permeate dat 53,3 lit/m”.gio, d6 phén riéng ciia FOS dat 81,85%,
dd phan riéng cua saccharose dat 51,29% va d9 phan riéng monosaccharides dat 22,06%. Can ctr
vao cdc két qua nghién ctru thye nghiém da tién hanh c6 thé thay rang céc két qua tinh todn téi
uu la phu horp va dép tng tot cic muc tiéu thanh phan. Nhu d chi ra  trong [7] nghiém pareto- -toi
uu thu duge Z¥ cho hiéu qua pareto- -t61 vu I* = 1(Z%) ding xa vung cAm C nhat.

pé khang dinh két luan nay da tién hanh cdc thi nghiém kiém chung tai luu lwong nhép lidu
3 lit/phiit, 4p suit 19,9 bar, va thu duoc két qua tbc do dong permeate 53,6 lit/m’.gid, d6 phan
riéng cia FOS 1a 81,8%, d0 phan riéng cua saccharose dat 51,3% va d6 phan riéng cua
monosaccharides 1a 22,1%. C6 thé théy Kkét qua t61 wu diéu kién loc nano (membrane G5) be‘?mg
phuong phdp viing cAm hoan toan phit hop véi thuc nghiém.

4. KET LUAN

Phuong phdp viing cidm véi chuédn t8i wu t6 hop R 12 mot phuwong phap hiéu qua va thich
hop dé giai céc bai todn t6i wu da muc tiéu.

Pa xdc dinh duoc didu kién cong nghé t61 wu cla qua trinh lgc nano st dung membrane G5
dé nang cao do tinh khiét cia FOS 1a luu lwong nhép lidu 3lit/pht, dp suat van hanh 19 9bar.
Vi ché d6 d6, toc do dong permeate dat 53,31it/m’.gid, d6 phan riéng cua FOS dat 81,85%, do
phén riéng cta saccharose dat 51,29% va dg phan riéng monosaccharides dat 22,06%.
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SUMMARY

MULTIOBJECTIVE OPTIMIZATION OF FRUCTOOLIGOSACCHARIDES’
PURIFICATION BY MEMBRANE G5

This article presented result of study of optimization of fructooligosaccharides’ purification
by membrane technology, using membrane G5 (GE Osmonics, USA) with combination optimal
criteria R in restrictive area method. After experimental study to establish objective functions for
determination effects of two parameters (feed flow rate and pressure) to FOS’s purification, by
restrictive area method, optimized conditions for FOS’s purification were determined as follow:
feed flow rate of 3 I/min, pressure of 19.9 bar. At these conditions, permeate flux was 53.3
/m*.h, rejection of FOS, sucrose and monosaccharides were 81.85%, 51.29% and 22.06%.
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