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NGHIEN CcU’U AP’DUNQ Ki THUAT DIAFILTRATION PE NANG
CAO PO TINH KHIET CUA FRUCTOOLIGOSACCHARIDES (FOS)
BANG MEMBRANE DS-5-DL

LE THI HONG ANH, BONG THI ANH BDAO, NGUYEN DINH THI NHU NGUYEN

1. PAT VAN PE

FOS 12 hén hop cta 1-kestose (GF,), nystose (GF;) va 1" fructosylnystose (GF,) 2]. Qua
trinh tong hop FOS véi xtc tic la enzim fructosyltransferase dat hiéu suét 50 — 60% so voi nong
dd saccharose ban dau. FOS cao d0 dugc san xuét bang cich tach glucose, fructose va
saccharose du [10] bang cdc phuong phdp membrane, sic ki, 1én men hodc enzim. Phuong phap
loc nano c6 nhiéu tiém ning trong tinh sach oligosaccharides & quy mé céng nghiép [7, 13].

Trong phuong phéap loc nano, sau khi di qua membrane, dung dich nhép liéu dugc phan
riéng thanh hai dong riéng biét, retentate (dong khong qua membrane) va permeate (dong qua
membrane). D& nang cao do tinh khiét ctia san pham, nguoi ta ap dung ki thuat diafiltration
trong qua trinh loc. Diafiltration la qua trinh bd sung dung mdi (chat pha lodng) vao retentate va
tdch né ra nhu permeate cung véi chat tan. Myc tiéu c6 thé 1a tang kha nang thu hoi chit tan
hodc thu nhén retentate v&i do tinh khiét cao hon. Diafiltration ¢6 thé duoc tién hanh gian doan
hay lién tyc. Diafiltration gidn doan 12 qud trinh tdch chit tan thdm qua membrane theo dong
permeate, sau d6 pha lodng retentate lai béng nude va tién hanh loc lai [5]. Tlép tuc qud trinh
cho t¢i khi chét tan _phén tir lvong nho dat nébng d6 mong mudn, khi d6 ngung thém nudc va cd
dac retentate toi nong dd cuoi cung [8]. Kh1 thé tich permeate thu dugc bang v6i thé tich
retentate lic bit dau qué trinh diafiltration, tién hanh dugc mot mot bude diafiltration [11]. Khi
khong pha lodng, qud trinh loc s& dimg lai khi hién tuong fouling xay ra hodc khi dp suét tham
thiu tdng qua cao.
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Hinh 1. H¢ théng loc membrane c6 diafiltration

C6 hai phuong thuc diafiltration: CVD va VVD.
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- CVD (Constant volume (jiafiltration): qud trinh diafiltration dugc tién hanh trong diéu
kién luu lugng nudc pha loang bang luu lugng permeate tao thanh.

- VVD (Variable volume diafiltration): qud trinh diafiltration dugc tién hanh trong diéu
kién luu lugng nudce pha loang khac Iuu lugng permeate tao thanh, thuong 1a nhé hon [6].

Nghién ctru nay tap trung vao trinh bay va phén tich mdi quan hé gilra nong dd cua cac
duong khdc nhau va s6 budc diafiltration cling nhu moi quan hé giita hi¢u suat thu hdi va do tinh
khiét cua FOS, tir 6 xdc dinh diu kién tinh ché FOS c6 ap dung diafiltration. Cac thi nghiém
duoc tién hanh tai cic gid tri thong ) cong nghé da dugc xac lap khi tién hanh ti wu céc didu
kién tinh sach FOS bang phuong phép loc nano str dung membrane DS-5-DL nhu sau: ndng do
dung dich FOS 5% (w/v), nhiét dd 45°C, luu luong nhép liéu 6 lit/phit va dp sudt nhap li¢u 25
bar [1].

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.
- Nuée: sir dung nuéc di qua xtr 1y loc tham thiu nguoc.

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

- Hé théng loc nano cé hé théng diafiltration ban ty dong, st dung membrane dang cudn
xoan DS-5-DL (hang GE Osmonics, My).

Bdng 1. Thong s6 ki thuat ciia membrane DS-5-DL
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Thong s6 ki thudt Gid tri
Dién tich loc 0,325m’
pH 3-10
Nhiét d6 toi da 50°C
Kha nang chiu chlorine 500ppm
Kich thudc (duong kinh x chiéu dai) 30,48 x 457,2mm
Gi6i han khéi lugng phan tir 300Da
Luu lugng t6i da 9,46 lit/phiit
Ap suit téi da 41 bar
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Hinh 2. So @6 hé théng loc nano

1. Bé nhap liéu. 6. Bom nudc pha lodng.

2 Bé nuéc pha lodng. 7. Van diéu chinh lru lvgng nuéc pha lodng.
3. Canh khudy. 8. Thiét bi gia nhiét bé nhap liéu.

4. Bom cao ap. 9. Thiét bi gia nhiét bé nudc pha loang

5. B0 loc cugn xoan.

2.2. Phuong phap nghién ciru

- Phuong phép xdc dinh téc do dong permeate

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.

v
AXt

Véi: J 1a toc do dong permeate, tinh bang lit/m’.gio; t la thoi gian, tinh bang gio; V 1a thé tich
permeate thu duoc trong thoi gian t, tinh bang lit; A 1a dién tich loc ciia membrane, tinh bang m®.

- Phuong phédp phan tich héa li: xdc dinh thanh phan fructose, glucose, saccharose, FOS
(GF,, GF;, GF,) cua mau nhép liéu va permeate bang phuong phdp sac ki long cao dp trén may
HPLC Shimazu, véi c0t 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) vai van toc 0,6 ml/phiit.

3. KET QUA NGHIEN CUU VA BAN LUAN

Dung dich FOS c6 néng d6 5% (w/v) o nhiét 46 45°C dugc bom qua hé théng loc véi luu
luong 6 lit/phit va dp sudt 25 bar. Trong qué trinh diafiltration, nudc pha lodng c6 nhiét ¢ bang
v6i nhiét d6 dung dich nhép liéu (45°C) dugc bom vao bé nhép liéu. Hé thdng diafitration c6 thé
diéu chinh luu lwrong nudce pha lodng, qua d6 c6 thé dat dugce ti 1& luu lugng nude pha lodng va
Ivu lugng permeate cho truéc (CVD 1:1; VVD0,95:1; VVD 0,90 : 1).

3.1. CVD (Luu lwgng nuwéc pha loang : luvu lwgng permeate =1 : 1)
Vi saccharose va FOS c6 phan tir luong cao khong thAm qua membrane DS-5-DL nén khi
tién hanh qua trinh diafiltration, chi c6 cdc monosaccharides nhu fructose va glucose duoc tach

ra theo dong permeate, cdc duong khic nim lai trong retentate. Do d6 d¢ tinh khiét cua FOS
tang dan theo s0 budc diafiltration.
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Bdng 2. Két qua thi nghiém diafiltration CVD

i, N&ng do (mg/ml) Do tinh Hiéu sudt
S0 buoc P X,
diafiltration F G § GF, GF, GF, khiet cua thu hoi FOS
FOS (%) Y (%)
0 0,62 13,20 4,69 1528 14,76 2,11 63,46 100,00
1 0,50 11,06 4,69 1529 14,78 2,12 66,45 99,63
2 040 932 4,69 1530 1491 2,13 69,18 99,57
3 0,30 7,03 4,71 1532 14,83 2,12 72,83 98,87
4 0,24 6,32 4,71 1534 1485 2,12 74,14 98,49
5 0,00 5,01 473 1538 14,85 2,14 76,87 98,17
6 0,00 432 475 1540 1485 2,13 78,12 97,69
7 0,00 3,15 4,75 1541 1489 2,13 80,41 97,34
8 0,00 2,67 4,76 1545 1498 2,14 81,43 97,25
9 0,00 143 475 1546 1498 2,14 84,06 96,78
10 0,00 1,21 478 15,69 15,00 2,11 84,56 96,92
11 0,00 1,14 482 1572 1501 2,14 84,65 96,62
12 0,00 098 4,84 15775 1501 2,16 84,98 96,25
13 0,00 0,78 4,87 1582 15,08 2,15 85,40 96,12
14 0,00 0,65 4,87 1585 15,17 2,8 85,74 96,04
15 0,00 053 491 1591 1521 2,18 85,96 95,81
16 0,00 045 498 1599 1534 2,18 86,06 95,89
17 0,00 034 498 16,03 1533 2,19 86,31 95,48
18 0,00 024 499 16,06 1542 2,19 86,56 95,30
19 0,00 0,12 5,02 16,05 1556 2,19 86,80 95,14
20 0,00 0,12 505 16,09 1562 2,221 86,77 94,95
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Hinh 3. Sy thay d6i ndng d6 cdc duong trong dung dich FOS theo sb budc diafiltration (CVD)
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Khi sir dung phuong thirc CVD, luu lugng nude pha loang bang véi luu lugng permeate tao
thanh, do d6 thé tich dung dich xem nhu khong dbi trong qud trinh diafiltration. Vi vay ndng do
cic duong khong thdm qua membrane (saccharose, FOS) khong doi.

Do tinh khiét cua FOS tang manh sau 7 budc diafiltration, sau d6 bét dau ting it dan. Sau
12 budc, d(f)o tinh khict cua FOS dat xap xi 85% vai hiu suat thu hoi 96%. Sau d6 @d tinh khiét
FOS thay doi rat it, dat 86,77% sau 20 budc diafiltration, hi¢u suat thu hoi dat 95%.
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Hinh 4. Sy thay d6i hiéu sudt thu hdi FOS theo d6 tinh khiét cia FOS (CVD)

Hinh 4 cho thdy trong qud trinh CVD, hi¢u suét thu hoi FOS giam it khi tang d¢ tinh khiét
(tirc 1a tang so budc diafiltration), chu yéu do khong c6 ton that FOS qua dong permeate. Dicu
nay phtu hop véi nghién cuu ciia Feng va cdng su (2009) [3].

3.2. VVD 0,95: 1 (Luu lwgng nuéc pha loang : luu lwgng permeate = 0,95 : 1)

Bdng 3. Két qua thi nghiém diafiltration VVD 0,95 : 1

o N(;ng do (mg/ml) Do tinh Hiéu sudt
So buoc A 3.
diafilirati khiet cua thu hoi FOS

iafiltration F G S GF, GF; GF, FOS (%) Y (%)

0 0,68 13,16 4,66 1537 1447 2,26 63,44 100

1 0,4 10,8 4,81 16,15 15,15 2,32 67,74 99,46

2 0,35 8,88 5,12 16,98 1598 2,49 71,18 99,58

3 0 8,79 535 17,87 16,81 2,63 72,52 99,52

4 0 8,64 5,61 18,6 17,5 2,75 73,16 98,4

5 0 8,25 5,71 19,61 18,44 2,82 74,54 98,29

6 0 6,34 6,39 2066 1943 2,79 77,11 97,91

7 0 6,07 6,65 21,01 2032 324 77,8 96,63
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0 523 6,78 2225 21,56 3,32 79,69 97,01
9 0 451 698 22779 22,84 3,6 81,08 96,20
10 0 39 7,02 24,62 23,15 3,67 82,49 95.43
11 0 344 723 26,13 2453 39 83,64 96,09
12 0 244 735 2753 2585 4,1 85,45 96,10
13 0 2 748 29,58 26,01 4,33 86,34 95,10
14 0 199 7,62 2985 27,66 4,57 86,6 93,52
15 0 196 8,12 31,68 29,32 4,88 86,73 94,20
16 0 1,86 8,68 32,12 31,68 5,16 86,74 93,59
17 0 1,84 921 3389 3325 5738 86,78 93,41

Trong qué trinh diafiltration v&i phuong thirc VVD, san pham vira dwoc tinh sach vira dugc
¢b dic do thé tich dung dich gidm. Vé co ban, day la qua trinh ¢6 uu dlém hon so véi qud trinh
CVD do luong nudc pha loang sé it hon. Tuy nhién, can phai luu y rang néu ti 1& luu luong nuéce
pha loang/luu lugng permeate qua thap, hién twong tap trung ndng do va hién twong fouling c6
thé xay ra chi trong mot thoi gian ngén sau khi loc, khi d6 phai ngimg qud qud trinh loc va tién
hanh v¢ sinh phuc hdi membrane.
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Hinh 5. Sy thay d6i ndng d6 cédc duong trong dung dich FOS theo s6 budc diafiltration
(VVD0,95:1)
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Hinh 6. Su thay d6i hiéu suit thu hdi FOS theo db tinh khiét cia FOS (VVD 0,95 : 1)

Vi ti 1€ luu luong nude pha loang/luu lugng permeate 0,95 : 1, dung dich FOS vura dugce
tinh sach vira dugc ¢6 dac, néng do cic duong khong thdm qua membrane tang 1€n. DY tinh
khiét cua FOS dat 86,78% sau 17 budc diafiltration, hiéu suat thu hoi dat 93%.

3.3. VVD 0,90:1 (Luu lwgng nwéce pha loang: luu lwgng permeate = 0,90 : 1)

Bing 4. Két qua thi nghiém diafiltration VVD 0,90:1

S& buse Nong dé (mg/ml) Bé}tinfz Hiéu} .sudrt
diafiltration F G S GF, GF; GF, ]Ii"}g? (c;a thu hoi FOS

0) Y (%)
0 0,70 13,23 4,63 15,72 14,55 2,24 63,65 100,00
1 0,51 10,26 5,13 17,32 16,02 248 69,26 99,09
2 0,00 7,70 5,68 19,30 17,69 2,67 74,77 98,67
3 0,00 539 6,17 21,05 19,87 3,06 79,19 98,39
4 0,00 350 6,78 23,78 21,89 3,23 82,63 98,36
5 0,00 2,10 7,68 2643 23,775 3,21 84,52 96,55
6 0,00 1,57 7,776 28,74 26,53 4,24 86,45 96,74
7 0,00 1,40 875 32,09 29,63 3,72 86,57 95,62
8 0,00 1,38 9,85 3582 33,08 4725 86,69 96,06
9 0,00 1,32 11,07 39,98 3693 4,84 86,84 96,46

Tuong ty nhu khi dp dung phuong thae VVD 0,95 : 1, dung dich FOS vira dugc tinh sach
vira dugc o dic, nong do cic dudong khong tham qua membrane ting 1én, tuy nhién muc do ting
rd rét hon do lugng nudce pha lodng duoc bd sung voiti 1€ thap hon. D¢ tinh khiét cua FOS dat
86,84% sau 9 budc diafiltration, hiéu suét thu hdi 96,46% (bang 4).
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Khi so sanh cidc phuong thuc diafiltration CVD va VVD (ti I¢ luu luong nudc pha
loang/luu lugng nude pha loang 12 0,95 : 1; 0,9 : 1), phuwong thic VVD ti 1€ 0,9 : 1 cho két qua
tot nhat, do tinh khiét cia FOS dat 86,84% chi sau 9 budc diafiltration va hiéu suat thu hdi ciing
cao hon so véi cic phuong thire khac. Tuy nhién, khong thé tiép tuc ting s budc diafiltration dé
dat dugc do tinh khiét cua FOS cao hon do hién tuong tip trung néng d6 hodc hién tugng
fouling xdy 1am ngin can cdc chat tan va nudc di qua membrane. C6 thé néi v6i membrane
DS-5-DL, khong thé dat dugc dd tinh khiét FOS 90% va 95%.

Béang 5 mo ta tém tit sd budc diafitration va hiéu suét thu hdi FOS trong cc phuong thirc
diafiltration khac nhau v6i membrane DS-5-DL va G5.

Bang 5. S budc diafiltration va hiéu suat thu hdi FOS trong cdc phuong thirc diafiltration

Phuong thirc S6 budre diafiltration Hiéu sudt thu hoi FOS (%)
CVD 12 -13 96,24

VVDO0,95:1 11-12 96,10

VVD 0,90 : 1 5-6 96,60

Nhu vy, ca CVD va VVD déu ¢6 thé dugc ding dé tinh sach FOS mét cdch thanh cong, va
d0 tinh khiét cia FOS cao nhat dat 86,84% voi membrane DS-5-DL.

4. KET LUAN

Ki thuat diafiltration trong qua trinh lgc nano thyc sy cé hi€u qua trong viéc nang cao do
tinh khiét ciia FOS.

Cé phuong thirc CVD va VVD déu c6 thé dugc diing dé tinh sach FOS v6i membrane DS-
5-DL mét ’céch th?nh cong. D9 tinh khiét ciia FOS cao nhat dat 86,84% sau 9 budc diafiltration
va hiéu suat thu hoi cao (96,46%).
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SUMMARY

APPLICATION OF DIAFILTRATION TO INCREASE
FRUCTOOLIGOSACCHARIDES'PURITY BY MEMBRANE DS-5-DL

This article presented results of application of diafiltration in fructooligosaccharides by
membrane DS-5-DL. Under conditions of temperature of 45°C, feed concentration of 5% (W/v),
flow rate of 6 1/min and pressure of 25 bar, applying diafiltration of CVD and VVD, the
relationship between FOS’s concentration and diafiltration step as well as the correlation
between FOS’s yield and purity were determined. The highest purity was 86.84% in VVD mode
with ratio of flow rate of dilution water/permeate of 0.90/1.
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