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W OE
ISR DU 20T R SR T Bacillus subtilis natto = [E5E (L » DAC]FERH I B B stk
PRETE AL Z B R - P 1S 2 [E 2 (L TR B8 ) P A DAL DR R e = 5 W 4 s B SR R I
(Levan )~ &SR BN E R BUAE 2 B IR R TR 2.45 h X 2060 (PVA) SRS 9.05 g/100
mL - JRERESN (SA) JEFE 0.91 ¢/100 mL I - iSRS IR SM A ERFE AT E 30 /NIF L
B TRH (Levan) 2 ffsi e &t Fy 79.14 g/l > HLIE] LB RS AR RN B (R R e BE AR -
L= 77 AR [E A B R W A A B SRR R e S BLE TR Ry 2% ~ FERE
I Ry 250 g/L ~ JRE R 37°C ~ pH (B 6.5 1% > Levan 7 & 7 80.63 g/L - %4 F{EHE L7
Levan 1% » [&E (LS 52 BE fAIRSE » {H Levan & TR 5.49 g/L - DU S8 I kG T [E]
TEAGER A E B R R » 3P R RREE ORI Ky 2% ~ REREIRE K 250 g/L ~ B E K 0.02 vwm
pH{E %y 6.5 » Levan FESE{EE 30 /NPT S 63.81 g/L » [EIFEETRMEST 208 /NRF 2 EA 3%
BEEE Levan 1% » GRAGAHRLRES o Refnhy - Mg A Levan 2 @B IR Rt kA &
EFAERLIREIR ~ 8D A TTRCA RAE RS B B bR A R B A - AT AR A TR R
B4 Levan Z 2 KIE - WAYIE S TIIHZ R E AR R EM E 2 (EE -
RRSEEE ¢ BSLEEE - ROIEET SRS > EE(L
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ABSTRACT

In this study, immobilization of Bacillus subtilis natto was performed using polyvinyl alcohol

(PVA )and sodium alginate( SA ). The optimal conditions for immobilization were investigated using
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response surface methodology. The obtained immobilized cell beads can be used for levan production
using batch and continuous fermentation. The optimum conditions for immobilization were a mixing
time of 2.45 h, PVA concentration of 9.05 g/100 mL, and SA concentration of 0.91 g/100 mL. The
highest yield (79.14 g/L ) of levan was obtained when the immobilized cells were cultivated in SM
medium for 30 h, and the immobilized cell beads remained intact during cultivation. In levan
production using batch fermentation, one-factor-at-the-time was used to investigate the optimal
conditions. The result showed that levan production was highest (80.63 g/L) when ammonium
sulfate and sucrose concentration were 2% and 250 g/L, respectively, temperature was 37 “C, and pH
was 6.5. The obtained immobilized cell beads remained intact after five repetitions; however, levan
production decreased significantly to 5.49 g/L. In levan production using continuous fermentation of
immobilization cells, levan production was highest ( 63.81 g/L ) when ammonium sulfate
concentration was 2%, sucrose concentration was 250 g/L, aeration was 0.02 vvm, and pH was 6.5 at
30 h of fermentation. The obtained immobilized cell beads remained intact after 208 h of continuous
fermentation. Levan production using continuous fermentation was less efficient than it was in batch
mode; however, it was conducive for continuous production because of energy saving, labor cost
reduction, and easy automation control. This study can provide a reference basis for industrial mass
production of levan and has academic and application values for research on biopolymers.
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— BT
FARFEEE (Levan) E—HEAKE G- (26) -RiEH
LD E B- (21) -REHE I RATEEEY
[16-18] B AT HHTR % (WA= ¥4 H U s g A rh Z ffgs bR
AEEDFEEY)  MRTEERAKE - o8 R A ] I
R AT S 2 BV RS iEE - JIL - THFRE
HEAR R EE R LTI B b - BEE IR RS
SR e [4, 21, 26] » CHEREBEEADUER - HilER
A~ R R - [RIMAS S EEAAYEN: [23, 34] » 1REa4E
FprfE e TR ARARHIERES - BARERE (Levan)
EA VR FE R B AT R R PLAET ~ BoJ7BhR - FRER ~ s
B ~ FREP IR ~ AERNE RIS KAVEHES [16, 20] -
ESRTME (Levan) mIFEHDURENE RANE - iIE S FH Y
AW RIS ( B -2,658 5% WE - D-Ayagfl - FUfEAAE
T - EC 2.4.1.10) f{bLiEfTHEIREERE LSBT [12, 19,
30] - BEANE LA Z RN B R A R e o (2
IRAFAT FE R Sy S A BREY « TR e RS EE
e A YA A B AR SRS [14-15, 24-26] - $f2
AIYBISE [6-7, 28-29 |3 RAF A B SR - T EREIF AR
( Bacillus subtilis ( natto ) Takahashi) gE$ufEEF s EE
CRBRSE Mt A A SRR o Lt 25 el A A 7 TR SR SR Y
PRAEEL  FEAR IR B REBTRR TR SRR R ( 21/ N5 )

WEEASER (30-50 g/L) AYESIENE [9-11, 32] - Tk
MEBRZIEE B E R LR R R R 5 2
325 Ry 1k DA H R0 A S B i AR E B R R Y e
[3,33] -

IR TIEEA - R AEYRAER] (PIHOESSCSAM) EE
TEtEHEES LRI BWSG IR A RBEiRft TERE
PR R A A S B s RGBT DU ) o B A e
{ERIFEFIA - toh - TERERTE E L RSB A S hHE( L
ERGRFE YV ERE ] - B AR B e e
(E/EMAER AR BRI (B S [31] -

AEERE WS DUE B (L4 S E (Bacillus subtilis natto )
AR 7ELevan [5, 27] - (BRI E A LR Z) 2 A R e S h R
2RI - SUBREA SR LI KOG SR e 1€
(ORI - RUMER R BOKREm 2 EME [1, 8, 13] > B
R R S E Z EE LU A EE » NIRRT ST
DA Ht 2 s e 3 X 2 2 s Ry [ A AN B AR - IR
SRR ZZEN - iLevanZ FEE > FERBEIEE L
BRI SR > DUFI SR E A - A E iR ARl e
Hhsakat% (Response surface method » RSM ) a1l
SRR IN R 2N USSR BBl [2] 0 AT
GBI A LA L < s R R FIR R B E L
Tt s R Bl s S AR e Levan Z £ -
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(—) B

AU E R E B R EEE (Levan) ZEHR R
Bacillus subtilis natto - [LEE#RA] H H A SE R T FLATHE
(El
(Z) BRARERTE

B. subtilis nattofs & (b B AT B (A K IR AT Bl s i 1
ZI77% (5, 27] > i EERRHIRTRERSMLANA &150 mL
NBEZEE > 250 ML= MR - 175 rpm ~ 37 CEE24
NRFE TSR —IOEAL o REELRVEIREAL0 % (viv) RS
250 mLEEFA MR - TP A & SMAE AR AR 100 mL > AR
HATRERE (250 g/L) ~ MgSO, - 7H,0 0.5 g/L ~ NaH,PO, -
2H,0 3g/L ~ Na,HPO, - 12H,0 3g/L » [HE#EAEpH6.5 ~ 37
C ~ 175 rpmiE AR R DUEFE R AUEEE (Levan) -
(=) BEE{tFERBEUETTA

Ie5] 7 LA B R 28 TR DA AME L [5] -
H{ 9.05 g T ZS%EE (PVA) K 0.91 g J%M4SR (Sodium
Alginate ) B j» 90 mL E#ET-7K (deionized water) & » 7547
i - BRI SR s B E S (121°C » 20 min) 1
BB > FEERLAIZERE > BIIA 10 mL ZER > #3539
Eltg o I B B 2 T LSRR R R TR AR B BRI L 200
mL/h AR S RAEES (25 g/lL) Bk (50 /L) ZIRAIE

W DU BRIELE (B RERL - FraTftrE 2.45 h 1% - e (LA
B AW —SETSIRTARE 6 /NI BGE e R LIG -
TRRERESNERL B 4CUKRE R A - Bk AT 205
{E{AIRFRRL B R & 300 mL NB 55855 500 mL = i
o B2 37°C > 150 rpm EEEE 241N o FE AN AUEER
BRI R A R -
() AL R REE R 2 HE

Ny I i
surface method - % RSM) FR&EJAIIAES LI KR 67
DAREEA b B SRt [2] 0 BRERSHEERER (X))
PVA JRIE (Xp) FOBSERESNRE (X3) ¥f Levan FEE V5
BON o PR 2 B AT R E S (L B AR AL - AR
S HAFHREERE (= 1) - FEHORNE 2 M (AoRFEDE BoR
/N A B EA LB R R 3 B - EIAPTEBEE A b - R
Hr 2 =AIEHE5] - B AN E & 2 BB iR B RE |
HERIE B BB B E B b KR ARG 4R 190 A e
PR (R o — R/ NER B S BER TRTZ 1R (2 (I AURES
SRR FEtL 2 B AR RO - B B
& -

() DEE(EEMR AL EE R

Y 20 g bl BRASRERI AR Y & 300 mL 2 SM 4=
EEFEEFL( Sucrose 250 g/L~MgS0O,- 7H,0 0.5 g/L~NaH,PO, -
2H,0 3 g/L ~ Na,HPO, - 12H,0 3 g/L ) 2z 500 mL =

72 (Response

*® 1 R E Rt

G5

A5 AN SR PVA J2RE SA R Levan £ ST
e (h) (g/100 mL) (/100 mL) (g/L) (%)
S IVT
1 2 8 08 59.00 107.21
2 3 8 08 30.04 11531
3 2 10 0.8 74.35 136.27
4 3 10 0.8 76.85 *
5 2 8 1 76.30 127.43
6 3 8 1 73.75 130.27
7 2 10 1 72.69 136.29
8 3 10 1 63.86 138.26
9 15 9 0.9 29.13 130.28
10 35 9 0.9 26.15 13331
1 25 7 0.9 54.67 127.39
12 25 1 0.9 50.82 140.29
13 25 9 07 31.04 128.37
14 25 9 11 41.42 133.71
15 (C) 25 9 09 78.82 *
16 (C) 25 9 09 78.81 *

*15 (C)~ *16 (C) K EhE X
(*FoRILAHIINEE ~ AR ZJTRI% 2509 i)
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SRR A 37 °C > pH B By 6.5 150 rpm T &GRS 50 /NI o
BIZERETEN R Levan 47 2 SLIET » S B2 A RE E
(LB RS RERL U H 1% » BB TR B R AT SM LR AL
e 50 /N o HLEEEREFEVER B4 Levan ALK 1L 0 [
PR —HE 2 Levan A2 > 8841 - 5B 4K 10,000 rpm
B O ERREES RS - IEROBIBR IR -20°C DU
1T EFEMEURAE B Levan o3 T BT FrEMNEREZH
= H A AR E R  GRa IR [E SRS B E AL
R A E B R 2 s B (A Bl SM AR EE R AL
STHIAIIEIR 2% FRZ ~ peptone - yeast extract BGifi L #% -
BRGNPl - R AR R S R R S ] A B T R
A EE BRI R (R R SM AR EERS R 3 IR
TIILFE (0% ~ 1% -~ 2% ~ 3% ~ 4%) &V (NH,),SO, -
EREFE IR RATIL » 3l SM Az EERSEE PRI 2%
(NH,),SO, > £ 2% (NH,),SO, =7 SM Rz E:A% 1 SM-N 4=
FERTEEL - PRSI RENE R B Lt A A B R
SR AU SM-N A ERS R BN IIR BN ( 150 g/l
200 g/L ~ 250 g/L ~ 300 g/L ~ 350 g/L) - EEREEE G
Fititt -
() DB LA T
KRIAFLE 2 B YR e T R B 2 1
HEANE 1 AR - R AR Y R FE SR B P R RS (L& 1.(6))
BN SRS TR CREERCER 1217 ~ 40 5388) - 7%
ERAMEZ RGBSR L B SM-N (250 mL) 4
B RSBV TESS B IERE b o B 20 ¢ X 2 IR/
T 89951 7 1 L R RS R B 7 AR W) R R R R s e P - BB ZE
FERGERE (A0fE 1. (1) ) - EfTERR - WHIRURENEE (20
1. (10) ) - ¥ SM-N A= FERFEECRAG L 200mL/h 24
A e RSB RS P ST » Y A S E S B TR S Y
T (0 1. (13) ) ERFUERR R » 53T Levan 24
7E > AL U P A T B4 Levan A By Ik - BRETHR
it 2 S P Y [T { L R O e A SR R S S (AR
SM-N A FERFERHRITRE (NH,),S0, B (0% ~ 1% ~
2% ~ 3% ~ 4%) - HEREFEGRAA BRI o PRETIR RS E E
(b EENEEE R TR B GIURE RIS R
(0.02 vwm) AV FESSHE NGRS I THRGR, - HLaRET
BRI R - R pH 8 e L B A A SR
ZRERS > (B SMAN A ERPEAGESEEATE pH E (pH

N

_— )

A%

1. EEA YN R G B
(1) Z=RBR&EH : (2) ZRERES (3) £YIRESH
Rl (4) ZREBERERHOR : (6) £YIK
FEZSHGRMER (BT 350mD)  (7) EO#EES: (9) &
BEARNE  (10) \EEHR : (1D ARE&: (13) &
BO S (14) SPEEHRIE -

55 pH6.0° pH6.5 pH7.0" pH7.5)  HErEEEGEGNE
P  BRET REE R R S [ e A L R S A FE R R R o
B A SM-N A= FERFE RGN FEIRDIEE (150 g/L »
200 g/L ~ 250g/L ~ 300 g/L ~ 350 g/L) ~ HEREEEFR0 L
Frt -
(B) BEESh

AE W SRR EETE (High Performance
Liquid Chromatography, HPLC ) 53 #f724 » 4eigreliz DL 0.45 um
R E % > 72 A HPLC 53477 » HPLC S3ifrie B 2 &
1+ £ SUGAR KS-802 column( L=300mm, ID=8.0 mm, particle
size-5pum ) {EHI2% &5 RI Detector ( Bischoff 8020, Germany )
EUHfER HITACHI L-2130 » S 5CGREENY ST & (Injection
volume ) £y 20 pL DAZEET7K MRy A2 ( mobile phase) >
e (Flow rate) 0.5 mLmin ~ JARE ( Temperature ) 50°C
TOPATERREE A - AANE - FUERVEL - Levan 3 T-B
2 oM DAEEE 2 [ 11 Gel Permeation Chromatography >
GPC) 73 » s 2 MHEE A HITACHI L-6200 Fik £:47% » (£
A&+ B( TOSOH TSK-GEL G5000PWXL+ G4000PWXL ) »
LARI{EHIES (Bischoff) » £ 50°C T#E(T 734 - MR 2%
BT PR 0.5 mLmin o FIRIEEAE L ( phenomenex
Dextran standard » 43+ & : 7,200~ 16,230~ 35,600 ~ 74,300 ~
170,000 - 535,000 - 1,580,000 - £ 2,754,000 Da) ZR&EL{HE 55
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»

FENHRELS - Levan 2 EESRBAEREEHZI1A
[27-28] -
(J\) Levan Z5rakeifb

REE RIS EE 25T Levan 57 HE4T
b > BRI Y B RR 240 s —TEf =0 (cross flow) Syt
KA - (EFH 2 Sy BiEs R 5 ~ 300kDa - P #EfE ( Tami, 10 mm x
600 mm & HE) - #RIERE - DUBIREHIERNRAIE 2SN T8
B DB AR SO A ETAT » AR AT SRR R ER » AR
EIBZEY)VEAE AR EIATHERS - 2 JFURDROR S B E I - f/ Ny F
Y & AR - TR A TRB BRI R 5 T E S Ak
R o R RO o7 R TR - Bl RSy
TYERBEREEH /N TYERR  EA L RF T
B. subtilis natto 4= Levan BELEC{ERIENI DAY 8 - RS
1o ST E ARE = 2 e OB o BE R A P > BB
AL P B B S R 21478 77 BEL Levan o B. subtilis natto
FREEHIHY Levan ARER FEITLEE S FE8 Al RS0 T8
BE (T8 1x10"~2x10" Da [ BUESF8EE (9T
B 1x10°~9x10°Da i) - AEFER(#E ] 5 ~ 300kDa fifd
SYEERE AR B S o TR R (R TR REAURARR? 5kDa iy
HA3F - & (€55 F8 Levan ZEGRNIA 4 f55eRE >
RHUEBIGTS 4CTARE 24 /N - FEDABE O Bl i B
DUEY) R UBYI A L BT K BIE 1R 482 SREZ IR R » Bl
A[fR4 b2 & ~ &5 T & Levan -

\

=~ GRES R
(—) DAEIRE AR 1 2 B R B < s R
A6 B e ¥ PRET DB e 1 Bk s
surface method - f&ifli RSM) £R&T AN #1538 £ T
DU EA W S 2 it [2] - DR (X)) ~ PVA
TRIE (Xo) FOBHEREHRIE (X) REEE > Levan EE S
PRI ST 23 > PR F- 2531 2° factorial experimental design ) ~

7% (Response

FEFEEms% T (steepest experimental design method of path of
steepest ascent) EHoh VR EEEEET (Central Composite
Design, CCD) - Huive R E gt B4 R a2 1 Fon - i
% L{340 - 55 15 - 16 41ET5R (HEPEIR 25 h - PVA
9.0 g/100 mL ~ SA J&FE 0.9 /100 mL) H[{54z=~ Levan
(~78.82 g/L) » IL&EFAIA] STATISTICA #HGHETT &Y
[EIEFHT - BT —FEEER IR (1) B

Y=80.3202-2.7387X-12.7937X,%+2.5601X,-6.5178X,%+4.195
8X3-10.646X52+3.1491X,X,+1.8873X,X5-9.4576X,Xs (1)

JitEF Y By Levan ZESR  (g/L) > HAETHEGE (effect)
RN HEAER TS Levan FEE 2 &R th 52z #
BHEREIER (X)) ARPE TR OIS RRA B A 5 i
Levan & - [ PVA RS (X)) ~ BRRREHRE (Xs) A
2 HARE AR Levan R 23T - BifsHEEES
1 It P [l 5 f2 =0T IERI 9347 (canonical analysis ) » ]
Fo7fE= (2) AT
Y=80.3202-4.2947,%-50.9338Z,%-1067.1Z3> (2)
H IV HETR AT GRISEHEAVF EE (eigenvalues based on
coded data) > Y % Levan Z E®R (g/L) - i FaltXAvETA
HBE R EE IR B R A R =« e B R
IR 2.45 h ~ PVA 7 9.05 g/100 mL ~ JRE SR 0.91
g/100 mL - Levan 7 /& & AR {H Fy 80.32 g/l - DAL i bR
HEITEEEW T DUEET Y Levan FEEEEE f 79.1410.68
gL - HIEEMEREHESERS o FIFH - Z0ER Rk
LR B E R B Levan ZE B R (A > TT4G S FEfh IS
rE e » ] 2 P BRI T 0 5 R AR A PR SRR T
27 VS i T L 5 o 4 ] » A o [ g T i 5 5
SREBIRIREUR - SR 2 T1EA AERPREGE R A
0.96 » At [ENE 2 AE M V)2 P U B bt b
U - SEAMEAEREEOTE (K 2) BEAEERE (Lack
of fit) JHREHE » BRI NI ICEERFTFRIY —REIHE
WUIEE  BESGET2ZEES -
(Z) BZ)aE- e onE L R R R R e i B B

FE DA AR BT Levan 2B R » & e Lk S L K
YRR TR - I AT SRR T 2 AR e
SAE E LB 2 SREERDHIE < A Lt RSM A R Bk

DI AT BriFFridiE 2 16 45 L n- /s i snE e (b s

BRERETH Levan FER JR[EIG MET H AR SRR 2 HIE - HH
% 11541 » RSM EER4AEE 4 - 15 ~ 16 40 EE(LE R ER
DR ~ T ~ 2 A - HEER P BRI
[EIERAR - 553 1 7RG - 55 15~ 16 4HETBR (HEFERRRT 2.5 h
PVA JE1% 9.0 g/100 mL ~ SA S 0.9 g/100 mL) B[S H=

Levan (~78.82 /L) » PRIL{SE It S B R (-4 (85 il T2 A
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(A)

BN, 8 LevaniRE
3 EET, 1 EH, 16 H1T; DV: Levansg &

ONEO®
[=R-N-N-1

1
N
Q

(B)

EAHE P8 LeaniRE
3 EAT, 1 &%, 16 F1T; DV: Levan S

PVAj

]
30 32 34 36020

“14 16 18 20

22 24 26 28
B

] 2. PVA RESBHEEHECHEERRFRP B _EEEHmE (A) BEEHEE (B)

® 2. PLIRREREGR Y ANOVA i

Factor SS df MS F P
X1 120.00 1 120.00 0.44 0.53
Xq? 2618.85 1 2618.85 9.60 0.02
Xs 104.86 1 104.86 0.38 0.55
X 679.70 1 679.70 2.49 0.16
Xs 281.67 1 281.67 1.03 0.34
Xq? 1813.53 1 1813.53 6.64 0.04
X1 Xz 79.33 1 79.33 0.29 0.60
X1 X3 28.49 1 28.49 0.109 0.75
XoXs3 715.57 1 715.57 2.62 0.15
Lack of Fit 462.82 9 51.42 0.18 0.17
Pure Error 1636.40 6 272.73
Total SS 6010.74 15
R-sqgr = 0.96

Xo @ PEFERERT 0 Xo @ PVAJERE © X3 @ SABRE

B A TR 2 IR PR A T R o PRaT -
(Z) EE(LEE SM BFBEF4E Levan
REERRST L AT RS 2 [E (R SM RS
TBROE TSR A 2 Levan > 55 40IE 3 Aow > HaIE] 3 8
R SM 5 £ (Sucrose 250 g/L~MgSO,- 7H,0 0.5 g/L ~
NaH,PO, - 2H,0 3 g/L ~ Na,HPO, - 12H,0 3 g/L ) > Levan
FERNE—HRE RS (77.81 g/lL) > S HER{Z Levan 2
FEBIEZ MR - B =& Levan ZEB(KFL 10 /L > AT
REIRRZ I SM BF AR SR SR » R 75—t X
ARG AR E R A S SURSN - 5 T HE IR R EURG
FEMPFER B T Levan E 22 RIEETHREHRZ S
BZIERN - B0 R R R ETE N 28 SR S E R

NINEIRZ %% -
(U) HEREBEEFRINEIRE Levan £EZ B

LRI E SRR Levan RfE 2 52 8

REBRPRSTERI RSN IR IIR[E EURES Levan 4R 7
2 BEELEENEFEEIE (PR - peptone - yeast
extract Wil ) =~ SM AEAERFERERE - MPIBEG2E
J&1fr (Gel Permeation Chromatogramphy, GPC) #1744 -
SERBUREMINER RPRE ~ peptone ~ yeast extract it SM
A RS AN > =TSR GPC HFE Z [EREE Levan 2
MR A B8 > INIE R E L GPC #EfT 0 ¢ B4
INIIEVR Rtk 8485 - ANEi Levan~ sucrose~glucose - fructose

Z GPC I BB T8 (A 4)  [NIL&R ST E Bt
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e Ryl E0IR > AL GPC #EfT Levan ZE7E 2 734 -
2. Wi B S R B E (LB AE SM AR AE SRR AL E Levan 252

g
=

RE RTINS FIR SRS S EELEAE SM 4
FERSEAR AL Levan 228 KA [EIRRI SR EE (0%~ 1%
2%~ 3% ~ 4%) B AEH 300 mL 2 SM A:ERFER > 7
DL AR RS Levan A 8 2 B8 b - B Bad SR AN E] 5 o -
HhlE 5 15R1 - SERIANIITREESRAE %70 » Levan B B
—HE R E AR - Levan B RS HRE IR EN
BT RN B HORE 29005 R A > Levan & £y 80.63
o/l > IRHIRURE RIS 2% [ > Levan FE SN IERETL

8 o (NN 2% B #  SM AR FERFE AL Levan EER(EEE 1 -
23~ 4~ 5475 HI ks 80.63 g/L ~ 70.73 g/L ~ 53.61 g/L
28.31 g/L ~ 9.43 g/L » {EEE T Levan & CASR(K
IS M B BRI SRR T T (EHE RS R A R R AR B S R
RIS SE BB (EARMNINR B S > SM AR FEREE AL
Levan FEREEE 123~ 4~ 5t Hlk 77.81 g/L - 51.64
g/L~ 144 g/L - 8.37 g/L ~ 5.49 g/L » FH[E 5 BAIAKRIIER S
S TEEE = HRBFTAFIR Levan 2 27 - BRIELIRII%ER
fesz v BRI Levan Z 427 o SM A= EERFE R RN 2%
(NH,),SO0, » & 2%  (NH,),S0, =2 SM B2 578 15 SM-N

0%
100
1 2 3 4 5

80 r
g
2 60
§ 40 |
§ 20

0

0 50 100 150 200 250
time (hr)

Bl 3. EE(ER SM BB TEEALRAEE Levan;

(1

PR 20 BITHER 3 BERK 4 BIUHRK - 5 BAEHR)

100

80 k(a) Levan

levan

60|
a0
20}

Intensity

(mV)

fructose

400 (b) Sucrose
300
200 |
100 -

(mV)

Intensity

sucrose

A

500 [(c) Glucose
400

300
200
100 -

(mV)

Intensity

glucose

i

500 [(d) Fructose
400

300
200
100 -
)

(mV)

Intensity

fructose

o 10

15 20 25

Retention time (min)

[ 4. BERE L GPC B
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0%
1% 2%
100
SO R I B W12 3 4 5 W12 |3 |4 |5
=8 5 =5
g § % dg 8
1< S <
g 2w £
g w gy g«
8 8 S
=l g g0
> > >
T A et T T R
0 50 100 150 200 250 0 50 100 150 20 250 0 50 100 150 200 20
time () time (hr) time (hr)
0
3% 4%
i)
1 2 3 4 5 oy 2 | 3 4 5
_n 0
d d
=] (=2}
50 0
g g
8 8
§ i é il
- 0 /‘\'\0 - 0 /\\
0 % m 190 0 il 0 % 0 1 0 bl
time () time (o)

[ 5 FissHREHEELE SM BRETETEREMREE Levan Z#E
(1: R~ 2 BBTHR - 3 F=HR 40 UMK 5 FAMKO

A EERFESE -t SM-N A ERFE AR AR TR HE R
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