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Abstract

Production of microbial levan by continuous fermentation with
immobilized Zymomonas mobilis cells was studied. Effects of substrate
concentrations (50 ~ 75 ~ 100 ~ 120 g/1), medium flow rates (36 ~ 50 ~ 72 -
84 ~ 100 ml/h) and amount of carrier load (8 ~ 12 ~ 16%, carrier volume /
fermentor volume, v/v) on levan production were examined. Production
of levan and biomass from free Z. mobilis cells was compared between
batch fermentation (BF) and continuous fermentation (CF). Results of
continuous culture with immobilized cells shown, sucrose concentration
from 50 to 100 g/l, the higher substrate concentration, the higher levan
production, the maximum levan production and productivity were 7.70
g/l and 0.64 g/l/h; while substrate concentration was 120 g/l, levan
production declined. When medium flow rate increased from 36 ml/h to
84 ml/h, higher levan production and productivity of 13.30 g/l and 1.11
g/l/h, respectively, were observed; while production decreased at flow
rate of 100 ml/h. The amount polypropylene foam carrier in fermentor
shown that carrier 8% (v/v) was the best for levan production. Three
fermentation methods showed that levan production by CF was higher
than by BF, and higher levan production was found in immobilized cells
as compared to free cells. GPC revealed that two groups molecular
weight distribution of levan biopolymer were produced, they were 3
kDa~22 kDa and 388 kDa~2540 kDa. Ethanol was also produced in CF
process by immobilized Z. mobilis cells at the optimum conditions for

levan production. Ethanol concentration was 17.16 g/l.
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2.1 Zymomonas mobilis 2_ i %

4 ¥ Zymomonas mobilis<rvig .t 1911 #& > Barker# Hillier &%
FIAA2 st ? o FREF ki ec R vk TRV HF L
ELIE I A SR QR N Plxgz%i%%;,?%pﬂlﬁ}ﬁ”
PR RA S R22CTRA I 2> BFAEAHE S - A
S BT - By R L A g sk ok 0 B £ R 2
D EFFEAL P ERFFAL I BB I F MRS
@A PR R s AETHRmF® - o BT 1942
£ ¥ - fi?ﬁLindneri%?% WiE) » ISR E 17 - BET
v fiZymomonas  j¥_1920 1 1970 ¥} & » Zymomonasip #5483 e i
ASHE K FrAR S LR R LR G - B R B 3 1977
#2_18 » Swings¥ De Ley# i %‘f X ¥-< X 40 F& % f& 7 Zymomonas
strains | * &+ 42 P EHjFR TR d TE OSSR - BEH
A% S B IR Zymomonas'y G- B TR A NS BLMA 0 AW G
Z. mobilis supsp. mobilis2 Z. mobilis supsp. pomaceae ( Swings and De

Ley, 1977)

2.1.1 Zymomonas mobilis 2_ F = %

Bl
=

Z. mobilis 5 E SO BRE B R bt §eniER T @



FR a2 & fh{%4F (Bringer et al., 1984 ; Baratti and Bu'Lock, 1986 ) > #

14

AL EEFE2-1) ERH2~6 ym> A K 1~2 um > 3 #L
EIZF R RS AP pﬂ%ﬁ REBRGEF 2 L4 8

g1 FH L I~ RS B E 0 B P K 30%:0 Zymomonas
g

Fis RIS 6 R 0 A I Zymomonas FIRE FE BG €7 S - o

3N

ARG I L R > # OFE RS R (3R 2008) -

Z. mobilistif # £ F K& § Fl 5 25~31°C ( Millis, 1951 ) » #if &
BB MEANMEENZ Fipaice B3 T4% DL A7 &
38°C4 & » @ A v A 40°CeTe i 2 £ 0 4oZ mobilis ATCC10988
¥ % 33°C T 4 & ( Forrest, 1967 ) » @ Z. mobilis supsp. pomaceaeF %

*36°CPl= > % 4 K (& 2-2 > Rogerseaal, 1982) - % /F & 15°CP#* >

FIMEE EAR SR > P 4°C T R 2 K o Flpt AR AT R

3

ii?v/’v\ﬂﬁﬁ°
% 8 Zymomonas Ftk 2 £ OpH EHEF 5 34~75 2+ 0 - LA
gt g 0 R AR R 2 2 £ (& 2-3 > Swingsand Ley, 1977 )« @ 8 %

WY CFRAIARAAP BT TR ERL MFAME F A



# 2-1 ~ Zymomonas mobilis 3. & {2 7§

Table 2-1. Major characteristics of Zymomonas mobilis

1. Gram negative

2. Rod shaped with dimensions 1.0~2.0x4.0~5.0 pm

3. Motile and usually occur in pairs

4. No spores, capsules, intracellular lipid or glycogen; no resting
stages known

5. Facultative anaerobe

6. Metabolize glucose or fructose to equimolar quatities of ethanol and
CO,; using the E-D pathway

7. Many strains can utilize sucrose and this is often accompanied by
levan formation; however, wide variety of other sugars and fatty
acids are not utilized

8. Optimal pH range 6~7.0, temperature range 25~31°C, facilitates
growth of the strain

9. The G+C content of the cellular DNA is about 47.5~49.5% with an

average Tm 89.3~89.5°C

( Carr, 1974; Swings and Ley, 1977 )



# 2-2~ 7 R R T 3 Zymomonas strains 4 £ 2. 258

Table 2-2. Growth of Zymomonas strains at different temperatures

Incubation temp

“C) % of strains growing
30 100

34 97

36 97

38 74

40 5

( Rogers et al., 1982)



% 2-3~ 7 I pH ¥t Zymomonas strains 2 £ 2_ g2 58

Table 2-3. Growth of Zymomonas strains at different pH values

Initial pH % of strains growing
3.05 0
3.5 43
3.7 71
3.85 90
5-7 100
7.50 87
8.0 0

( Swings and Ley, 1977 )



2.1.2 Zymomonas mobilis 2_ 7% f%

Z. mobilis ¥5 & FfE W 57 M= AN A NS F E AR B
2 B4 (B 2-1 > Sahm et al., 2006 ) > FESFen i B2 /54 & 5
Entner-Doudoroff pathway ( E-D pathway ) » #-% % tEig 3 = 2-F 5 4%
s ts o £ RS A PRAL 0 A 2 FE (B 2-2 0 Panesar et al., 2006 )
S AR L P SR e -

% Z mobilis "1 F FHE B o PP T I E B E 0 95~98%

\4L

o PG FEERMZET B E 30% (Loos et al, 1994) > #HiF
et £ R 7 i 13% (Rogers et al.,, 1982 ) ot ki Fp ot £ |4
BB R T A FMim e W g R R AT T PRI R
2o A & ey 9AELE_myristic acid ~ palmitic acid 2 % cis-vaccenic acid °
H¢ - 44+ Z_E-Dpathway ¥ 35 % ¥ % chff 5]+ > 7 F[et iz ig
18 fmre Woeh ayg i M4 (Tanaka et al., 1999 ) e @ ® > Z mobilis ¥ 11 i i#
) F F R A 2 FHEALE 15% (wiv) (Nowak, 2000) = 2 Fjf

E-D pathway i& {7 JFpf 5 ¥ » wR¥ kB 7 » - L B hf 4

;\—
\m

4 - B S ATP & 1.8~1.9 X B Fp# ( Swings and Ley, 1977 ) » d %
ATP é’j”é_""l'&’“"rllé?ﬁlﬂ%& E:]%ﬁm;b:?#' nﬂ ﬁg*ﬁ,é&gﬁé
Z. mobilis E_2 A Fpk &£ 3 H+ FR(Rogers et al., 1980; Lawford

etal., 1984 ) -
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FEARTRR G FBF AL LA PR &
E 7% € A4 acetaldehyde ~ glycerol ~ dihydroxyacetone % &| & 4 - I
pF ) 42384 ATP ( McGill et al., 1971 ) »

% Z. mobilis ¥4 B¥E 5 BUREE 0 JFPE 2 POAE MY LR R

34

SHERARBE O RFIS AR RS A R IR

KfReNiEAZ? 0 pF

34

FERARAEKGESFEREERLEAF I
¢ A 2 levan {r sorbitol ( Viikari et al., 1984, Kannan et al., 1993 ) -
Z. mobilis F1* B #E 5 BRIRPE > FFEEARY € NI ZMApEE 0 A5
% intracellular invertase (E1) - extracellular levansucrase (E2) %
extracellular invertase (E3) ( Yanase et al., 1985 ) (B] 2-3) > H ¥ £ 1 &
fi% % 5 levansucrase: pt fiEE 90% A M LG AN E A A Y 0 10%
B o TR RAEKEE &% BHE(levan e g 2 A fE T * (Lyness et
al., 1983 ) o Z mobilis ¥ € %7 F R#E2 B2 A7 > 4 €2 = levan >
REA G RN A BERBRES SRR A 2 ( Leigh et al,
1984 ) -
KW RRA D2 Z mobilis» BFpEAE > €35 T3k > 2

7L FRE A G R AR o g B PR R R R & AR

it B R

<
fd
%

o Fm AR lT EaE BT T KRS RR 2 A

~ & & % #E4F & $ (levan ) ( Skotnicki et al., 1981 ) o
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b( gluco se+f111ctose)
A

SacA+SacC

_}< sorbitol )

Z.mobilis

SacB

\/

Levan

and

(etminc )

B 2-3 ~ Z. mobilis 1 JE #7% 2. SacA ~ SacB £ SacC #1i®* 7 %, B

( SacA : % EHEA fRFEE ~ SacB: %t BAE-6-F AR E
SacC 1 % * M A f2EE )
Fig 2-3. Role schematic diagram of sucrose fermentation with SacA -

SacB and SacC by Z. mobilis ( SacA: intracellular invertase; SacB:

extracellular levansucrase; SacC: extracellular invertase )
( Yanase et al., 1985)
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2.1.3 Zymomonas mobilis 2_ 1p b ¥ 3

Rogers % ( 1980 )41 * Z. mobilis ATCC10988 ¥ Saccharomyces
uvarum B ¥RE > A RRRD FHELRREFTERE P HET
Z. mobilis -3 % ¥k B 25%PF » v+ 4 £ i# F( specific growth rate ) %
# & #11* Z( glucose uptake rate )’y B >+ S. uvarum > EFpE
L ’a‘ul"ﬁ % 92.5% 3 %?fé—‘ﬁéﬁ86% UERCLE NSl FFAE A
S5 10212 108g/1 ARZ 7 T 6g o

Carey v Ingram ( 1983 )= 3 41 * Z mobilis ¥ 75 2 % k5 3
NGt T SR R TUN REEY L SEE TN E R
# 3 + B8 > & ¢ i# & phosphatidylethanolamine £
phosphatidylglycerol et & » @ ® P+ 3w sia- 52 > 7

W > Z. mobilis BT R AR A AL 1T AR 2 B erien

3y

B
Lee v Huang ( 1995) 1 EAE 5 2 & g R eag & 30 4o » H 2 it e
invertase » "4 Ri& Z mobilis ¥t f #E etk fid & o 5 RT KL R R
FEEEALY A2 Rl A o de lovan 2 L A 8 A EHE A S o
Ohn % ( 1996 )#- Aspergillus awamori &2 Z. mobilis s 7] * +

7 2_i* ( co-immobilized ) % st FFE 2 > A2 7 Bor 0 M3 FREF A S B
1

|+
]

7~

CER RSP B ERRE FRURDR R AY FEE2 A TG

13



A. awamori ic A2 4 amylase #5545k f3 = § F #1280 Z mobilis ¥ 4|
VIEE KL S

Kannan % ( 1998 )§ 1% R R HEANZ mobilis %3 2R AE2L AT
HoF A R FAEZE 2 A levansucrase % intracellular sucrase i&
fApEE o Fl o UERLZERFE 2 € A2 levan B LM E R A S
WE H b AR

Ananthalakshmy{rGunasekaran ( 1999 )#x 3¢ $| * Z. mobilis B-4286
4 Alevanz Big 5% > A FIERZ RS ARRE Alevan 0 B % &
Tk REER S0 A 3 150 /1 levanA & Bl d 5.7 g/ 4 3
12.6 g/l» (e 4248 15%2 E 4Bk B > € 8 4cbiomass> @ &pH 5+~30°C »
levanz. 2 £ 7 &2 3 15g/1- § 8% F R 5 352 40°C > | &levansh
Z‘r_ii%’#i‘ TEBSEHETRBREAY olevand £ § T 5 0 12,6
g/l w3 2.8¢g/12 6.7g/l> § 5 #ER - % #rig *levang £ T " e
P -

Calazans % ( 2000 )§ 1 * Z. mobilis CP-4 ~ ZAP ~ ZAG-12 %
Z-1-81x $h a2 Alevan » “F @ a5 £ 7 b ( 3.53x10°2 1.07x10°
Da) > $2 3 F Biwre ot o B2 " me aprdlic 4 RIE A7
Bom oo A3 §£456.9 kDaz_ levan¥$r4) a2 5t 4 B i2( 72% ) H

s &=t 5 720.2kDa (53% ) ~ 769.5 kDa (43% ) ~ 1073.5 kDa (43% ) ~
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353.5kDa (27%)> Fl#t » 32 5 levanz & + & < /| ¢ B EBFE B %k o
Amutha = Gunasekaran ( 2001 )# Z. mobilis & Saccharomyces
diastaticus + # T_i* ( co-immobilized ){s » 1 BI2 {4 il E R 5 R IR o

T2 e w I Z mobilis & S. diastaticus 01 W 7 K EEATE R

FErEmonEREeEEEE AR AEA Y E 467 gl 2 3750

M
ﬁ‘m

R S RIFW A 2 7 £ 533 g/l B & S diastaticus
¢ 22 amyloglucosidase » L #-f &k 2 > # F FAER R H 4 >
2_t& Z. mobilis £ 1% sz §F 40 @ AT RS -

Bekers & ( 2001 )14 7 4ddh Si3k ~ 3 1Y ARREAN AR RFAT 5
A4 0 I B Z mobilis 1138 FREE (7 £ A4F #  3 fE R AE

THETCEZAAT N TERE TN A RS2 PR ER
¥ levan AF A% - 2 5 BEBIHE LY L 2327% -
13~1.5% > ¥ ¥ BR P FpEEARY > levan ¢ B E & § 4RIk 4
B ooom RS o AR R LAT Rk € AR

Alegre (2005 )#-% F82_Z. mobilis CCT 449411 g & & s i > % fi%
4 Alevan > 2% &1 > levanz. 2 £ ¥ i£42 g/l -

Rebros % ( 2005 )4 * polyvinyalcohol -k % k ¥ = it Z
mobilis » = Jpx @ FP FAMT LA LR AL 08 2T LG x

EEA R A AR a1 E R R RCUE T e

‘-h



Oliveira % ( 2007 )? f1* commercial sucrose ~ molasses (& %)
" % sugar cane syrups (H R b ]\) To AR M A GRER M Z
mobilis ATCC 31821 £ 7% %4 A levan > 2 2 & & %] 5 21.685 g/l
2.533 g/l ¥ 15456 g/1 » ¥ ZX sugar cane syrups 2. levan A & #i
commercial sucrose % 28.724% > ie §_w JF," ?_ biomass {.éiﬁ 1 2.76
e

R ( 2008 )Fl * w & & F % K 3+ ;& ( response surface
methodology, RSM )i {7 Z. mobilis¥ i* § F #5 = P 2 3 & A s ij
it T ET H B 5 F M 166.5 g/l ~yeast extract 6.1 g/l ~ KH,PO,
1 g/l ~ (NH4)HPO, 1 g/12:MgSO, « TH0 0.5 g/l » ¥ & 2 iFpF ik & ~
T2 A F w5 77.75g/1-3.24 g//he2 91.36% > I | * EFL4T

s AR RO e FEAF M S E R IR BT BT

(2010 )12 B #E 5 BLR 2 02 yeast extracts » & 1 * Z mobilis
ATCC 29191 %52 & levan» T rljeff ~ FAF ~ e 7 2 4 14 g
HATM RAMEAC e AP IFRE P SRR 0
Hirs AMAEL 2 PR ARBER 10.0% ¥ yeast extract )k &
1.0% > 2 2 A FEA4L pH 5.0 30 # 8 72 3 5 ik 2T > 82 {7 Z mobilis

Rt g ps o lovan AR 7 BRA A S EERN 2R AR
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2.2 Zymomonas mobilis z_ % FE(levan ) i 5

Levan 7 4 4 d & B 4 Lippmann ** 1881 & #74; % M ke
k2 2% 5 laevulan 0 % 1901 #pF 5 ¥ — T“;?*ﬁ Greig-Smith >
% I Bacillus 2* A a1 * B2 & S FriEfee 24 7 % B4 0
L %% levan o

Levan 2 - f& % # 0 K & 4 ( frutan ) > 5 % % #
( fructooligosaccharide, FOS )eri— #8 > % E 4= - ME S LB 47
- ok ERLESRE R ERABRUBHERLSFTE -2 5B
RS FRRER o RpY BRI ERAROS BRI Y - BB

A3t oa A2 RFE 2B HAIASEBAESREL LR S B

B
¥
-1

$

o

Hd RRZBABESEBALIY - BREBELST A
4 & £ & (DP; degree of polymerization) * 3t = 1% B(F & £ »
2010 ) o B*p AR P F ittt FRESF > LR H
D-fructofuranosyl p* F ac 2817 B- 2,6 22 B- 2,1 R < FRES » &

WGFn o n=2-10 47 « S EMBD B LRSS N AR A 0 A L

’

levan 2 inulin (§4%) s fa> @ 'é‘f:%idq

N

PR
222levan 2 2= % iy

Levan® - &% R en® & 48 } 7 H ¥ D-fructofuranosyl > 12 B- 2,6
SRR % = 8 (6-kestose 5 GFy) A e hx v i) A

17



2 REB- 2,1 et 4hdE (8] 2-4 > Rheeetal., 2005 ) 2 & 3 A5k &

h
= B

1L.

FORMCALY TR PIRA X BRI A MR kAR e 2 S R

ok o BHEA MY B 2R L ARIRE G KBRS T

BREARY oA AEKY RAREALE
@ Levanetih 3 B35 F 835 S AR R P ch R RS Ak s H
WA D Slevan > § ALE 0% A G Rlgh o AT F L B 2

levan ¢ 't {2 47 {2 levaneie + & o kK p 4 2 levan s + qja 79 A
2.0x10° 2 3.3x10" Daltons ( Rhee et al., 2002 ) # Z mobilisF|1 2 & & &
* v & dilevanks F i 0 H ypw B 5 % 10° Daltons ( Kennedy et al.,

1989 ) & K & levanz EH#cg 12 REBREXTBAAY ¥ 2

SRR EREFZ AL Fla G A knsFEERIR L
LR P TLE Peidhet AT B A B N EES A B A

e AR Ly it e

223 levan 2. % /&

;#g*ﬁ#ﬁﬁﬂﬁ%kﬂ ”}s /J‘A,\-:S--E"_g"hlevan’ A}—?‘E‘}iﬁ'/]‘& 5000 Da

N

¥ 2B PR E2 A levan ™ F > R FHEMEL L

A
ETIRS
pijud
9o

A 4 APETRE(E S 4 0 2010)0 Fp o0 EmRKRE 4

N

L 2,
1}:"‘

]

4 % plant levan ™ % microbially-produced levan (f§ #-

Microbial levan ) » & 'ﬁ 7 # I in$F 4 - Microbial levan &£.4p % p fic#
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4 CH, O—C}. o—p |
i . Chain connected

by B-(2.6) linkage

H Ch H O
H . CH.OHH CHOH

O H OH H

<= fructose

@ Hheoe m

CH o CH A 0—CH AN o—P
H CHOHH CH, W CH.OH

oM H OH W O M

Branch connected
by B-(2.1) linkage

e

H\

Bl 2-4 ~ Levan thit § 2455 o 1 480 B-2,6 4205 - L 48R & B-2,1 0
AAEE B  ghkEE A A @ A B (2,6) RS AL

Fig 2-4. Structure of levan. The main chain is connected by B- 2,6
linkages and the branch is connected to the main chain by B- 2,1

linkage ; the branch then continues with B- 2,6 linkages
( Rheeetal., 2005 )
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4= ¥ thilevansucrase ] * sucrose % raffinose & g @ 4 A *t e b e
SEERE o AR WmE2 A 0 bl Bacillus subtilis ~ Zymomonas mobilis
Bacillus polymyxa ~Aerobacter levanicum ~Erwinia amylovora ~ aquatilis
¥ Pseudomonas ¥ )tk % 2-4 (Youn, 1990 )7 ' ¥ & levan 2 Fjfd -
2.2.3.11levan 2. & =

Levan €& = i 422 #— % ¢t i 2 levansucrase ( - 2,6 fructan :
D-glucose-1-fructosyltransferase, E.C.2.4.1.10 )i #* » jt ¥ % ¥ B pE
% Ap g PR AR T BAER L & = levan 03 & R F)(R] 2-5 >
Hehre, 1951 ) » # & & Fae g i pF o fit fructosyl F it A FFd B

PR BPE A RS R o A B BRI A

o

2_ levansucrase € ik — ¥k p EAEOHE - FAEA > e DT AWK %

Fopsat 2 2L g S ¢ o (Han, 1990)

AN

RAEKiRS 3 FH8 S4B ¢ 5 levan ehd 2 > 37 S 47 7 4p )
levan 2_ 2% = §_d levansucrase #7/gLi 5> JL i 2 4L & B BE-K f2 22 levan
& 7 4 ¥ * ( Lyness and Doelle, 1983 ) - F]¢* » levansucrase = ‘o f7
4 & levan hE & B4 £ 2-5 70 F 4 & p ¥ # 2 F)f8( Song and

Rhee, 1994 ) -

"2 i 8 4 % levansucrase 1T * ihdicfE F O ¢
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% 24~ 4 & levan 2_ 4

Table 2-4. Microorganisms of levan produced

Microarganismns

Reforvases

Avetobocter pasieurionus
Actinomyces viscnsus
Ach rermolscier sp.
Aetalscler aerogenos
Arrobacier lvanicen

Arthrelcier wrafucions
Azodalsacter chrooosowm

Bocillus omyloliguefocicns
Boeillug mugoturium
Boeillus mesenlaricus
Bucillus polymyxa

Boeillus sulbitilis

Corynebactarium levaniformans
Corymelwieterivm belicoln
Gluconabacier oxydans
Lewconostoc mesenleroides
Micobacterium loevaniformans
Odontomyces viscosus

Py bpmarnas prund
FPssudomones sp.

Rothis denlocariesa
Streplococcus sp.
Sreplococcus salivaries

Xanthomonas sp.
Zymomeanas mabilis

Yeast

Asporgillus sydawi
Asperglilue versicolor

Lowswnbiurg amd Boesa [1957)

Pudist (197 7): Warner and Biller [19TH)

Limellwry [ 1957)
Srinivazan and Quastel [1958)

Evans and Hililset (1946): Faingalbd aad Galatia

11857 ): Takoshita (1973)
Tanaka el al. [1985]

Hostrin and Coldlilum [1853); Schilubach and Heradi

(V4]
Manizala and Munlala [1982)
Evans and Hilibwerl | 1940
Helire [1951)

Hesirin el al. (1943); Ninomiyo and Kizaki, (1970)

Han [1989): Murphy [1952)

Duedoander (1966 Tanaka af of, (1981 ) Hestrlan ot wl.
(1943]: Manisula and Puntala (1982); Perlod and
Monson (1984 Yamamolo ol ol [1985)

Dias and Bhat [1962)
Abdou [19069)

Elisashvili (1981)
Corrigan and Rolyl (1973)
Fuchs el al. (1985)
Erichevsky el al. (1909)
Evans and Hillsert [1948)

Fuihs [1956): Evan and Hibbert (1946); Gross and

Rudalph (1987)
Losher [1976)

Corrigan and Robyt (1979); Shimamura ef al, {1947
Kleczkowski and Wierzchowski (1940): Fuchs
[1956]; Jung =t al. (1987): Ribeiro & al. (1988):
Diavwes el al. [1966); Park et ol. (1983]: Lyness and

Doelle (1983); Long =t al. (1975)

Dedonder and Peaud-Lancel [1957); Fuchs (1959]
Ribeiro of ol. (1988): Dawes ol ol. (19G6): Lynuss and

Doplle [1983]: Vilkari (1984]

Fuchs et al. (1985): Loswanburg and Reose [ 1957)

Loswanburg and Reese (1957)
Loswenburg and Reese [1857)

21
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MOC Hy
"
H

L=}

H o
....__,...ﬂ-'n' - "'-._.___'iu' H'___,..-ﬂ o — H._,,...-l-ﬂ‘ o #___-ﬁ -—
H - Al M ] L] H =] [ ]

L= ] L] [+ ] L= ] L] L= ] L]

-
L) H b ]
. M

[ o]

I"I'I:I-I:lil-..-"""""-"I _ l-l.--""""o o — .__,...-'I'.‘I' P Y— e -
H HgOH  H g M Op o
L+ ] 2 ] L= ] ] H O

B 2-5 - R #5538 Levansucrase 7% » 2 & % i Levan chH =4 3%
Fig 2-4. Unit step in growth of a levan molecule from sucrose, catalyzed by levansucrase

( Hehre, 1951)
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% 2-5+ 4 & levansucrase it 3 fE 48

Table 2-5. Microorganisms producing levansucrase enzyme

Microorganisms References
Bacillus subtilis Tanaka et al., 1978
Aerobacter levanicum Evans and Hibbert, 1946
Bacillus polymyxa Han and Clarke, 1990
Erwinia herbicola Keith et al., 1991
Rahnella aquatilis Ohtsuka et al., 1992
Zymomonas mobilis Yoshida et al.,1990 Dawes and

Ribbons, 1966

( Song and Rhee, 1994 )
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1. Polymerization :
(Sucrose ) ,— (Glucose ) ,+ Levan+ Oligosaccharides
R € 4 R B A fructosyl - 4% EE SRR P g i
FREF B2 X EBERFTREFZpd Beand 54 -
2.  Hydrolysis -
Sucrose +H20O—Fructose + Glucose
(Levan) ,+H,0O— (Levan) , ;+ Fructose
B AEE levan Al kK 2 X BT A levansucrase it fEiT* T 4
AP R R e B (TS R BPFE il el o
3. Acceptor :
Sucrose + Acceptor molecules—Fructosyl-acceptor + Glucose

<,

FHRB Y F R X Bis ¥ levansucrase VP BER Bt B X
R8s T R M P oh fructosyl # it = g ¢ C-1 hydroxyl group °
4. Exchange :

Sucrose+ ['C]) Glucose—Fructose- [*CY) Glucose+ Glucose

PRV ETER B2 35 o BV A R p F Y R

5. Disproportionation -

[Levan] .+ [Levan)] ,— [Levan])] ., 1+ [Levan] .+,

24



PBFE LR TR 0 FRART levan B2 B AE 5 AR AR B

&g i3 4 e ( Rhee et al., 2005 ) -
2.23.21evan 4 = 2_ gL F] S

MinFEA A levan BF o R E fAwEA R0 HBE R

VEN-PAESE IR TS IE T

W% S8 é B 5 levan hE 5
e

EER LAY pH £(F £ 4 »2010)

—\-

B R

R~ B AL n2 2 - - & Frd] levansucrase F i ihA fr &

BHBpEE 4 24 ¢3¢ 3 B (Song and Rhee, 1994 ) - # ¢ EEE &

# 28 levansucrase ¥ % 5% levan & 24 £ chk* FlZE 0 3F

Fd

7 levan £ AR B HRFT AL hF i EF 0 R {1

d AL %A Eaa R B i 0 44 2-6 (Song and Rhee, 1994 )#757 o

2.2.4 levan 2_ J& *

Ao chlevan w3 F 1l r g AR L1 E Rt A R
Ko BTS00 L R levan 2 i - Ap sk Rk A

Fla A P K e levansucrase # 78 3 E. coli + 2 A& levan ( Seo

etal, 1996 ) R #-H A4 2 H 74 ot AR £ L8 R -

4= &5k 2 g % + ( Clarke et al., 1997; Kim et al., 1998; Vijn and

Smeekens, 1999 ) - % prz st s levan B H B FIR L E G R e

fe * 4o 0 levan acetate ¥ levan 1| * 4£ % it * 22 epichlorohydrin ;2 &
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# 2-6 ~ i§ & ¥ levansucrase £ {7 transfructosylation reaction 33> %

Table 2-6. Effect of temperature on the transfructosylation reaction of

levansucrase

Sucrose  Glucose Fructose  G=F3  Qligo- LevanC/
Temp. consumed liberated liberated saccharide  formed

G formed?)
(°C) (%) (%) (%) (%) (%) (%)

10 85.6 854 154 817 118 46.4
20 97.6 864 214 750 120 37.3
30 99.4 900 580 350 170 24.8

40 93.3 91.4 74.0 18.9 22.0 13.0

a) Transfructosylation activity: the ratio of the amount of difference between
glucose(G) and fructose(F) liberated to the amount of glucose (G) liberated.

b) Converted into raffinose.

¢) Based on the amount of fructose liberated.

( Song and Rhee, 1994 )
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SV R N T N F (T L AR 0 8§ 27 ethylcellulose R &

Levan (% A R¥ A 5 8 541 B o ~FiE# 2012 kAR
gt oo
2241 s %41k w

et b olevan ¥ 4 (dextran ) 0 FIH B 5 MARE 3
KA S B A P4 E e ¥EL K 257 (Huberetal,, 1994) o & ¥ ¢
FUAU R~ A AR S 48 W] AR R B R 2 R rR4E S &) E (Han, 1990;

FEA 200 AL AR LGS R L SR

-

a»

* ¢¢k 5 ( Huber et al., 1994 )oLevan #_ - f& i< £ & chx JR-K3 12

/4

a5 MRS RREIEN TR LR S 5

#5228 % ( Izzo and Niness, 2001 ) ©

RS g g0t s doffa g ( Calazans et al., 1997; Yoo et al.,
2004 ; & % £ > 2010 ) ~ "% 1 *% F] A% ( Yamamoto et al., 1999 ) ~ Fug
( Vigants et al., 2001 )14 % # = ¢ % 4 ( Calazanas et al., 2000; Yoo et al.,
2004 )% 5 & T s & foci.@i “v | ( Han, 1990; Liepa et al., 1993 ) -

Levan €5 ¥~ + </ hAd e > E53F 5 2 nd WE o @}}%

A wEL R AERERY T A AR A S Slevan A3 £ Y

l
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10° Da 7 R VAR IMA) L i A levans + £ R

i

A%+ 30kDaZx 100 kDap| ¥ i m /% 3 € 4| chr¢ * (Rairakhwada et

al.,2007)c ~+ £ 5 25kDaZ 250 kDaR| ¥ 5 o St L&) > 18 4

o

)\_\i_’:g gf}ﬁ/%ﬁ%&#’:'—lv,fﬂ,bﬁ‘i‘l\i
FOl A 2 levan RIE § B RFUERE 2 Y A 0 Bkt

R e T e 5§

IS
‘_P

. 456.9 kDa- & 7+ levan $L % i M 2 245

BAF A > T2 AT ERRABY € levan cc* (£ 2-7>

Calazans et al., 2000 ) - ",’TT 7olevan 2. 2 F E 4 o) 24 B FUE R E
o 3 BFIRE R R LG levan 2 1 B S AN R R

ERRFFRELRE DL o
levan + A3 Fac M M ¥ Sz B R B ERERIER 0 FF

REF B e 2P B - I SR RISk T g

g7
i
ue

PUPEDM Py g o Fl AN 4
BOETERIM AMTRGE T VIR > A4 5 aERL Fl@ MR M PR
f% ek & ( Yamamoto et al.,, 1999 ) # & = f83 & % levan 4 % 2 7
oV e MALE A RSS2 S levan 2 A 8

MERRL hEL( R ¥ 4 2010) -
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% 2-7~ Z mobilis 7 & % I & F & + -] 2_ levan & ¥ 5 e (4

Table 2-7. Antitumour activities of different levan molecular weight by

Z. mobilis produced

M, M, M, [nhibition (%) DP
75 650 353500 25 300 27 14.0
170 100 1 073 500 68 400 43 15.7
210 897 456 900 28 200 72 16.2
230 851 720 200 45900 33 15.7
313940 769 500 50 100 43 154

“ M., viscosity average molecular weight; M. weight average
molecular weight: M, number average molecular weight; DP, poly-
dispersity degree.

(Calazans et al., 2000 )
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M ATH A 3 AEor o levan & 5 ke BUMCRGH T k2 vk 0 P
levan s * 2 A 5 EAp b (F % 4 > 2010) H= HH 4 5 w2 B
REEF EE g F)F o Fgt s levan R A LEF BT B
B %o my 3 ?‘/F*J%a%ﬂ »levan £ 5 § (¥ & 7 ( prebiotic )igr . » o7

FEATL AR xfeena a0 g oy ER T

FRAZE G EMERZERE S TARHE EF T F o TUT
AEBEFE A G R BT A SRR o

2011 )o F15 levan ¥ BEEF R A% ad g T > &a frdl3 T
G o Flet oo Pl levan v TR A B A KRS 2 F)AR ~ B A FES
BT g7 VR S AR ARG % A D AEES

By

TApdt o levan ¥R AL AR S 0 Fl 5 H v

PO IR E e YR R REL LR Rk FSCE S
F o A F]

M

2% (Guptaetal.,, 2008 ) ~ #& B o % ¥ Blon Hfre 23

29 2 kY FRERR A ERIBHREL AR
( Rairakhwada et al., 2007 ) > levan » ¥ 3 3 4.
A

A% e e b it Aron > 3 BE levan & * oK
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2251levan 2 & 2 P& 7 ;N

Levan erp| € > 3% 5 3% 7 3 5% o oy @ % (& 3 sxac e 4p k172
( high-presure liquid chromatography, HPLC )i& {7 & 47 » & * 33 < 3%
R e R e R R 2 A u g~ Ag/AgCl B R
% % B e P B K iodkF EER ¢ dhlevan 2 £ ( Rairakhwada et al.,
2007)° F ¢4 F @& % feokfEen™ {0 % levan * 0.IN HCI & 100°C
ToRfE- ]} pEie > 1% 3,5-Dinitrosalicylic B € K fEiRx ¢ S
#cit (7 4% 5 (Kannan et al., 1993 ) - R bRy U iR E R

¢ F ki E levan A £ >

-

1% 33 530 F kR FH P % lovan
WO EERKEIEBERL AL RE I P sl a R Ed A
W M He B KT AR (Vikari, 1984 ) ARk ¥ cho N L E AR

% 8 {7 levan P F_o

-

&

23 R e &

G
V¥

% fi 3 & ( liquid-state culture ) ¥ FLITEA 32 % &R A F fER

% (submerged cultures ) » 35 % = ;% Fo-pcs SRR R A A
AP R REY BEMDE T FE R DA AAPRAT B
pH B~ 5 & ~WEFFEPEFF > 22 L a A2 27
AIEM N ¥ E FEmE g £ o BB S T G oskir ik

Afd LT E R RO A FE R R AR R O B S A K
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5
B
2
&
?\3
<
Xy
3
3
2
e

5 dked R B LB

A e RERRAF R KEAZ - RBRAKREZpHE > 2 F

nEFEY DRI Rd A v EMAF T Y RO R R
a%%%ﬂ&iﬂﬁﬁiﬁ%ﬁiﬁo
1. Bk

LRI FaE R P DR EFML LT N R
(Keithetal, 1991) - sk - G B 2RRER §7 T AL &
R REBERF @ € A4 Frdlanit® (Hsuetal, 2002) > &3R5 2
Atk Z. mobilis > B BIRER B 5 5 2% > & § 7 iE 20% ( Litchfield,

1979) > wie? b kiR Ff > &% TRRERETF * F o
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Bk T iE- S RAEAB A M AMAE O FIM O RYVEY G BT
B o
3. m s WA

Tian AR DB, T EFPHERY DR &8 P

|~

ML L2 SHAyha g Wb kR ZEF 0 £ R

ﬁ%“'@;‘ﬁﬁ: iﬁ“’ SELIVARE o

AN

HEME £ 05 B

g*ﬁ-ﬁﬁm?éﬁgq\; D Hn EE

FRPFREZIET ZAGSITRAHES N ME ~Z o Fe~Mn~Co -~

N
Wy
8y
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FAS AR F AP Tl R A Fend & R4

R Bl Bl F A PR BE Y 0 FHOORR AR

2

Flg c iz §F E(vvm)&d 7w R &F osEF AL RpMHpE ~

g FA 4 ( gas volumn/ liquid volumn/ minute ) ° ¥ F i € i
R AR EEd EEEa AR R FARAR T AR R

AR T RPN 1

-~

e R

)
b
Iy
ey

2325 5
TR ER LR TU 3 N SRR %

( bioreactor )& i# F% fE 14 ( fermentor ) o 2 $ F B F ehdf (73 34 1 R

S RE T T A P R E S YRRy
i &4 H EAREL 0 dod 28 (F 0 1999 5 $ 0 2003)

1. # =% p% ( batch fermentation ) :

TEA BT D AEFEAS 20 N B AT A b

v
F_L
&
2
o

L
(s
N
%
B
)

o3

£ pH Eehipd] ~ 3§ ihig » &
PO BN B E R R TR IR 1
AR ARZMBE AT ERAL OFPITY <0 LA b ik R
F - EATEHRA RS RAT L A0 S i 1

2. @ § 5% % ( continuous fermentation ) :

g - TR B R ;‘,jz%\:%fr.éﬁifg %A PR I i B B
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F2-8 Z A SN2 kB

Table 2-8. Advantages and disadvantages of three types of fermentation

FEE 3 [ i B
= TR E Fliie ~ R~ EATE #3
FAEE ) $REBFERL
TR SR RRAEHERRESR S
B Efefe F
T I aa gL
REBPFRPTERF ERyp- ~ 3 B I fRpln
BopmEamr o c 1w | BAiE (AFATE
= JlenR o e a d 1k pH~ % % &) K LUrdl% >
B A Xnp eh %;’ﬁ—fiﬁﬂﬁﬂ']i’ﬂ’f‘é‘i
pEm k22 Lz 4
o ehid &
F 3 k- BRI 32 LR bR AEARY o kA

A4 TERAE T
WM L]
(SRR R

RREY 1

I

FEBELFARE LR
RTEeE)

Fiher 2B A ABRG B
iﬂ}%’/}i—ﬁ ?u_i‘_\/vl—-g ’ %‘E fgs
544§ 4 il
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MR Fla R FF BERr R A - T AP E AR

ARET AL 0 A4 TR AL T 0 FIT 4G oonsu gt

B~ A4 k& ~pH EF F i wIFE o RMIFHMERE 2 L R
RRAIFAR I T URTERAFEL LRE o F]P o PRI P
FORFEEET RSP PR R R 2 AR T AP
3. Akl =x 3 p%( fed-batch fermentation ) :

AP B2 PP R ch- gy ~ e gy
5o I P AP U e B B RSP e - TATH
BAAOPT AR FAME LA LA RAT 2 Y o BE S BN
TV URE LA RS TRR - BRE PR > x 2327

HECE SELESEEY SRR A e e

S o I EAR R L 5 R A LA SR A A
R EELATAREDM NS -
24 A E T 2 AR

F)H F %0 ( cell immobilization e & 5 1% A 1 F AT
i UH BB LHZE Y > P ILA F o ke 4

( biocatalyst )7 T f— L4 - et P U iLdp B e SRR
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( Scott, 1987 ) » @ M # o g F3 P A4 G A A3 4 pog

(biofilm) » & F_ e # & T RN A & 52 R4 2 2008) ©

33

RSN/ S VR AL S 1oy B e AL R Sy R ST AL
BA AR ABHERY [ HORBE R cF om B FEART A

SAAAE o - S p AT > ¥ - 5 4 1 Feit(Cohen et al,

1. p #R ¥ = _it ( self-attachment immobilization )

BAGRESDERRET AP RS RENLER P
WioE % Eh'b“i“%ﬁp\ Fhoo@mATA A o, X ¥ AL attached
growth
2. A 1 %] #Z_it (artificial immobilization )

TLA L B AR B B A A G R N3 @ A
&4 iR o

24.1 HZ_iv 2.2 %

F R g RFFRMDEIL T FHGT ] L
FAF I 0 RAPEI L BEREFL 2 2F F R I 005
Fof At BRATMGZAPMOTF S ART A I 24

B G F AR A G s e A SV Y s g R

A3 SR 2P WE R I RS B F R 3
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¥ ( Pilkington et al., 1998 ) o i S| P! 4o F
(- ) ¥F g L g

1. © ¥ (adsorption ) :

"T

)% 4 s PHE PpRicr 4 he L) SR EET
BEk T 4 ReFaR gy B AL £ 6 (B 26 (a)) ° d
A 2 PR PRET A G EY 4 0 L EA AL 0 T G

Lapeheniv ByEie > Tt o ppEATH B et 22 B T E

B ERE e RMT EAR Y R A A ] £ R e

Qi

T4 4 s > Tt (S Bl R g @ gy 2 o dopH E SRR
IR - REARRCE BRI FEWIE AR B
F o ERAAPMaEL > B B A B TR R (S 4
2006 ) -

2. % 452 (covalent binding ) *

Fd LT EA) s I%éﬂw%&%}‘fwﬁ’;\%ﬁ”?@&-ﬂi
(B12-6(b)) A F2Feid o ¥ E4EE 2 % BoRFHF -
W28 der 2P HEFBEF B ¥ - BLBER I A (spacer )%
Eo MR A G R PP ey fddangtl o R 2
PR R APEATRNE > B ERTHE G SRR IRRL g

Fla b F R ek GiF e by o ERAFMEAIFNE U {7
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a b

c
QO00C:

o i

QRO® QRO

Adsorption Covalent binding Electrostatic binding
on a surface on a surface on a surface
f
2 P Al
*
o:i-ﬁ'o l. @ .
‘o;i s i
& . () L
O O =
LR PPN
Entrapment within a Artificial flocculation
porous matrix (cross-linking) Microencapsulation

Bl 2-6 ~ F A1 ik (a) iid o (b) £ BAERE 5 (0) M AR

(d) #3225 (e) B 5 (f) & Bz
Fig 2-6 . Immobilization methods (a) adsorption; (b) covalent binding;
(c) ionic binding; (d) entrapment; (e) cross-linking; (f) encapsulation

(% > 2011)
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S EAFH(EEAL 5 2006)
3. 3+ 4+ %% (1onic binding ) :

A 2 e PR A AR F T A2 #5140 s X
FEMR2-6()) tpptrgiz B GEFLEF a2 REFE 0T
FHIFWE LG T LRSS J R 2 PN E P o
HA R FERDARBEELS hepHE S ER B IRARE B
BiR(E %A 5 2006) 0
(Z)& & 53 Benfiag v
¢ 32 ;% (entrapment ) -

FI* A3 REF LRGP A PR AL T 4AYHED P 2
SR IR 2-6(d)) PR R EFHIHI T UES - SR T P
ke B2 PRRE O BPRETEFARTE AL OFITEF (R
2005 ) ¥ fRHA L F A FREY > AL X% R EEAH
By HEFBLENER ¥ P DA o FORF L e Foenh ARk 4
A e despok s FlRR R ER E TR E S £ FL &
A>T {2 PR EERER I A AR RS RREE
A 02006); EEEDRFFERATEME AT HY 5 - OB
( Kourkoutas et al., 2004 ) -

(C)YLp R F A1 NG ERL TR
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% B3 ;% ( cross-linking ) :

-5 PR P I T F 2 SR s 4
TGS - Ae 0 @A 2 B LR (R 2-6 () ) © drim F i
e kE-E_d 73PX 5 pE( peptidoglycan ) B & @ = o UEERAEE L o B
feag i & 4 s < B A > 4o e - fg( glyoxal )& ~ - fg
( glutaraldehyde ) » #2334 7% % fEA) = I %%( imine )ég g » 2 iE 3| fm v 4P
3 4% gk (Fride, 1995) o Ap#st B s B @it 2 52 > pti2 an@ i i3

Ho AWENP@RSF 2R a0 2 AT AR azerR®
B R B M (E E 42 2006)
(z)f* 8 2 WAl ER 2 B
¢ Y2 i# (encapsulation ) :

I kg A LSRRI AMES > H PG - R RS
el g R 2 E (W1 2-6 (D) - BBLF H M U ehd £ %
e Bt 4 = f02 %y 2 $= 2% (Gryta, 2002 )~ B & *24( Lebeau et
al., 1998 ) ~ 4L 5 £ (Yoo, 1996 )£ "= 4 & B* 4% o
2.4.2 H 7t Fopr s

TR AM Bt A Yy f R R S R
BROPE X PRV UEFR Y > @R AR 2 A

Peif fenfBatt o EEEL 2 E A KT LG 2 R Al ho e
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£ 2-9(F »2003) > Fpt > TR AR K FHEATT R FBE Y
B dede 2-10 (% £ - 2002) -
2.4.3 Bt FAE 2 ifE
AME T VRS A ECRRANTE F 72X L R
7 EEFEEE LAY BT T FMAL LG LT REL
(& > 2008 ) :
I AR RS > &0 &3 AP FEGFEL NS PR o
2. A it AT EAER Y o B0 AR RERY  EFELATE RO
PR S0 A TR SRR > I M A
3. HEF A3 R P F T 2o
AP B RENF XA F S
5. Fli A Fend b > VO R ol F oo
6. * K £ Y AR BT o
244 B2 A HEH
T it R g B EAM TR 2RO L B
kAT EAR AN TR S SO R S s K e A SR 8 ok S A
L IBEEE T ET ’g\'ﬁ’ﬂ\.ﬁxﬁ_ﬂ% M2 257
RS R A R 2 R AR BB MR E(E 2011) ) ok

2-11 (% % % > 2006) « $RfeF it 2 HFWL LG it
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229~ L EFAMEAT S F 2R

Table 2-9. Comparison of different immobilized cell techniques

Cross-linking Physical Ionic  Covalent Entrapment

Characteristic adsorption binding  binding
Preparation Intermediate Simple  Simple Difficult Difficult
Binding force Strong Weak Intermediate High Intermediate
Enzyme activity Low Intermediate High High Low
Regeneration Impossible  Possible Possible Possible Possible
of carrier

Cost of Intermediate Low Low Intermediate  Intermediate
mmmebilization

Stability High Low intermediate High High
Protection of Possible No No Ne Yes
enzyme from

miicrobial attack

(Ft » 2003 )
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22-10 ~ AR i EH gt 8 B R

Table 2-10. Characteristics of the immobilized cells and selection

specification
T AR g T AR R
i fER oy
2P fER 8

e
i
i
=

H O G i R g R o RkaB e

FIC$3 BERATR R F B

W ik %
:J\' '$E: "\lé‘ /Fl r"i”

SR i H e

& =,

(%~ > 2002)
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Z:t\' 2-11 ‘gﬁﬁiﬂi\‘n{g}.—% o* ﬁ'@jﬂméﬂ\.ﬁ
Table 2-11. Basic requirements of immobilization carrier for microbial

cells

i <R Tl

~.

Foios vl SR PEREIER  F ook G R E O ROEE T &
k) IVFARR ORMA  BZENE S BAR AP
FRE O REES o BoRE( B RastR) > Hikd F 7
R T AR EA4FRT -
2T WMAPAF M2 AL 2 e adE i‘ﬁ%?ﬁ%i’ﬁ °
Fult kAT o FEH A fE o pH o I
et P ERFI(3 ) e
2l APAFHLRF ) Gk BRI QR ERS B
HAPHAMERfcS 2ORE BT ER FELF
B3Rz HE it/ o
EAeRE  fREERE XA ER S HARK - HEE L R
B o 1 RO 2 gl 71 @ AR
EAF @ * f£ > CRL*2 zero = 4
F & mF R F oA R AT R E AR R
5 Hcd ¥ %k %o $#=t ~ CSTR ~ PBR ~ FBR ~ ALR**% » £

T AF TR -

*CRL : d2/p]#7&X % b " #2 & ( calculated risk level )
*CSTR : i 3§ 1, F & % ( continuous stirred tank reactor ) ~ PBR :
& F J& B ( packed bed reactor ) ~ FBR : /it 48 it s & J& % ( fluidized bed
reactor ) ~ ALR © § # ;% & & % (air lift reactor )
(£ & £ >2006)
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FodRTHEFNIRFM P FOFT G EG A RO
4o 2-12 - (£ & A > 2006 ; Kourkoutas et al., 2004 ) -
2.4.5 rije ’fﬁ = FE i\" 1

BE e - fEH A P WE SRR E T B R F R
EFGEY > 2 3 2R SHECEF R D H T ok B K F
FOHMA DG T A ks R g P B R
(coke ) ~ #gg (brick ) ~ i# 1§ ( polypropylene foam )14 2 7 3 * 4
e A2 X IR 4o A A (sawdust) ~ A S A5 (wood chips ) ~ E 3K
(rice husks ) ~ # (cotton )&2 & f7( straw ) & -

Nagamube % ( 1988 )& & 4p & > 127 #f i s £ 135 & Penicillium
chrysogenum & {7 % 2 penicillin P% » 3 LR e i 1 {8 - 7 U
RAMBRFIEBE RS A T A € AFOTRAAY > T
BAERAGETE FNE F R PRYRIFANETR S
penicillin )k B ¥ % % 6 & o

PE(1992)% & RIIH b BRI HR et 5 A AR 9
K 2 #( Phanerochaete chrysosporium )i& {7 % B k2 % ¢ > P 3 &
TR e b 2 R A > L R E A

FohouEh i MEFL AV R EF v AT I RE 8

SHTOZANZREABAFP VR e AF 0120 F 575 028



F2-12~ 2 B F 0 PR
Table 2-12. Carrier materials commonly used in different immobilization

methods for microbial cells

methods metarials

adsorption aluminium ~ propylagarose - titania-activited glass » synthetic
resin ~ silica gel ~ wood ~ sawdust + coke ~ bonechar ~ brick
covalent binding  cellulose ~ dextran ~ starch ~ porous glass » porous silica

polyacrylamide ~ nylon-acrylate copolymer

ionic binding polygorskite ~ montmorilonite ~ hydromica + porous porcelain
entrapment alginates ~ x -carrageenan ~ agar ~ chitosan ~ gelatin ~ collagen
cross-linking elutaraldehyde ~ toluene diiscocyanate ~ hexamethylene

diisocyanate

encapsulation glycol ~ polyphenols » bishalogen formiate ~ polystyrol

(X & £ »2006; Kourkoutas et al., 2004 )
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FEREMG  AF AU G 041 & 0260 HEi 2K R L 60~90%%
91~95% > @ ik F RBY FHE it wmezd > PR AZFL
0.45 > Z 7 FlZ it ™ SN et £ 5 (%] 0 1993) -

TRl e FEE L2 AR S A AR
fe2 5pEA T 5 S0mg/100ml > Apf >t F AR AN EAE >
7 10mg/100ml > fe w2 FLR TR 50% 0 A R ERER G TR
FRFSERE S 4§ Ry R B (4 0 1997 ) o

(2005 )7 7 BEom 0 i@ AR RS G B s A
SRR A et S pEY GABA S M Gie i pF o et S g2
GABA # & # % 5 0.21 mg/ml~ 9.3 mg/ml > & Z_i* 2_ pﬂ g i H
5 AREY ;W“'Hﬁ & é_i%_ 4 % 0.33 mg/ml ¥ 8.6 mg/ml »

TEAFR QP E T A3 e @lg%a‘ﬂ o@D edh gt pRiEARY o

7 E AR AR RE O R T

FR(2010) a3 dp dh o e df ~ 3 BR A F S e W g o
M pIke AN BERHTY Z mobilis EAFFTFERFEL A
levan » s % B 7 > FRES S fie i b il 4 B H R 2 S @
vV AEREER N B 4 & levan 0 @ 2 px g B e

Flpt o ARERE T 2l B B Z mobilis FME2 41 0 2147

BN FAEA A levan o
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~

AR

P

I

B E R R E
3.1 @&
3.1.1 #F&% Fte
AR5 F PR = Zymomonas mobilis (ATCC29191 ) » % p #7703
CLEBRFLMASTREFTEFL Y S TR A N o
3.1.2 #E% & 5
® 3 5-dinitrosalicylic acid Pt p & L7 Panreac Quimica, S.A.U.

oo

® Ethanol absolute ( 99.8% )P p 4t & Ferak = & o

® Fructose - yeast extract ( YE ) ~ potato dextrose agar ( PDA ) ~
e s A F B Himedia 2 @ o

® H,SO, ~ KH,PO, ~ NaOH - phenol ~ sodium sulfite ¥ % % —
SRR BT N F Ry e

® Glucose ;## & pp £ & Sigma = 7 o

® Sucrose (¢ #EM Wimp))pp SR ERFF AP -

® Potassium sodium(+)-tartrate tetrahydrate p-p P & R &1
FHR EAL -

® EH FH(95%)MA P it aP o

® FHME LM (24} > Polypropylene foam ) pEp &
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o RN R

303 BEALASA

cL 1
e

BEAARSS

Glucose 20 g/l ~ Yeast extract 5.0 g/l

Gl

Glucose 20 g/l ~ Yeast extract 5.0 g/l ~ KH,PO, 1.0 g/l ~

FREEAALAEL S

Sucrose 100 g/l ~ Yeast extract 10.0 g/l ~ KH,PO, 1.0 g/1 ~

314 hER R

Ak Sk B 2+ ( Spectronic 20 Genesys, model 4001, * =& i%

A F 2 23R F % (Huxleyhl-340, &+~ P &R E > -3

BEEFPRIKRAL (RAPRE &)

1278 ¥5 & 44 ( Firstek, model: S302R, — = #43 » 5 #)
SRR FRICE > KB REURT )

25 A B I B( Power sonic 405, Hwashin Technol. Seoul, iz
B)

& A% i 4o 5 ( EBA 12, Hettich, 4g R)
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% i 4 f 3o $8( Hitachi himac CR22G I, p > R B2 &
pA)

208 kK5 ) (EBCA-20PTS, $rkff 3 'A2 @ 24 )
BRAERFHRTS (B PERFF AT 58)
TR ( HMS-102, # 3 REF A9 > 58)

pH meter ( SP-2200, Suntex, o~ & )

# 40 & 47 &k ( HITACHI, G-5000A,p > ZEB 2 » p &)
A% % & 47 R (HITACHI, L-6000, p = RE =7 > p &)
1z §TF ( WATSON MARLOW, Model-505S, 323E, and

3238, g £ F G AP 0 BH)

51



32 @&z

32,1 FfbF G

AR %207 > 5 30°CH % 48 his B~ 0.5 ml2 i I eppendof

0 A

FP oo Fher | mlE F2 50%H @ o R &355 14~ 80°Crk fa i

322 EfbiE

S A oL 4
7:31‘_:,]

“REAZREY 5 30°CRE

g N 2 4 N 2 AR 2. N 2 2l 2, B4
HER»FIEBRAAFE S URRFEERS

3.2.3 Fpell 4

B R EE R BRTR A5 102 100 mlFfTR £ &

PEMAS%(VIV) E30°CEE 24he BREGARRLCERT R 615

—\\

3

;':T'r’? ‘TIJ’H’ o

324 HEBEAPH B

RSk 5 AR E T auE £ &Y 4o HCl & NaOH %

P Azde2 pH I pHS -
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3.2.5

{ Zymomonas mobilis }

A

free cells }

A A

A

{ immobilized cells }

A

-

~N

batch continuous continuous
fermentation fermentation fermentation
. | J
A 4
substrate flow amount carrier
concentrations rates load
y A A A 4 A y
[ﬂ residual cell dry levan cthanol levan
sugar weight content content molecular

content

53
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3.2.6 & 1738 F

#-Z. molilis Fip=4e At 3 fEss £ ¢ > A B[R FR T - BT FMH
R R A N E A% BAEAR L 30°C F 12 hBf e
P50 2R T IER T2 EAF RS o BB O R A W TR T R
iz ~pHE ~ AR ~levanA & ~ Pl A & Zlevank + & 4 47 o
3.2.6.1 BiF(CEF T ) A W pE AR

Pk B P A LR Z mobilis L FEH R 0 AL £ 2
levan # = enffa5 > T4 218 8 7 SN PR P 0 A ARk an

F&AIH 125 ml= & Fgde » 100 mlgf fE3s % AL L 4RGN A
$LT 0 12 121°CH 7 20 ming® B 0 4 Frts 348 5% (v ) R £ 1L -
B g gRIH AT AFL T 0 IR ol SR R Bf‘(E%‘l 3-1) &

SERRE AL 30°CEREE A 72 h & 12 hBe— 5y 0 & B)p| & %2

2 pHE ~ FHicE ~levand € ~ iFpf 2 £ 2 2 levans 3 £ - & 3
SEAF = BT EE R T A A T o
3.2.6.2 RF(CEF ) A S R R

BF NP EEERD DR FEAAREROT I FR > A2 £ 2 levan

3 & enlfa) .
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B 3-1 ~ Z mobilis >t - =% % fE 2. 1+

Fig 3-1. Growth of Z. mobilis on batch fermentation

A RN R (B 3-2) AN 4r ~ 1000 mligd 2
RAK  BBE S%(VV) 3 30°CEE 36hts » @l A K E ML
Bi 100 g/l t% 36 hiad i F A ariss £ A3 £ 132h 44
# B % 50ml/h> & 12hB4 o
3.2.6.3 B =it FE NP AR

ARSI T e T FM BT Bor e 4 1T 5 B el
(R 3-3) AT F e N8 4oB] 3220 RIS FHG
F ARk o

P el G iE K Edeme lcm> *% 1000 ml3s % /%
B SHo et A S 80 em’ s H P AR S 8% (viv) 0 E

RALTR B R AF et (B 3-4) gt AY o
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Air filter

Fresh medium
Fermentor

Harvest broth

B 32 gk R

Fig 3-2. Device of continuous fermentation
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Bl 3-3~ ki R i i

Fig 3-3. Carrier of polypropylene foam

] 3-4 - s-gesp B R 4 2

Fig 3-4. Polypropylene foam fix with lead ball
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1.7 I A RObEE R RS

Gl % R ERERER TG
g/l ~ 120 g/l -

S SIEIEE S

|5 50g/l ~75¢g/1 ~100
Booal 2 gmgaiaus A
?EAEE R 100 g/l g4 L £ 80 om’ > R E 5% (VIvV) > 3t 30°C
H# ¥4 168h > % 36hfcd @ N AT £ A AR R 5 50
ml/h
2.7 I AL iE B gk
XA PR R B T ARG R S A
FRFT | % 36 ml/h ~ 50 ml/h ~ 72 ml/h ~ 84 ml/h ~ 100 ml/h >
H AR (D)~ % 5 0.036h"+0.050h™" ~0.072h" ~0.084 1"~ 0.100
h' (D= & & /3 i W)
32}1&;\ 84 L

£ 5%

A AR R R AR R S R P
G h = o A ul A 80 cem’ ~ 120 cm’ ~ 160 em® » ik 4 FE HY R A
A u S 8% ~ 12%£7 16% o

33 2477

33.1 FRtic

Rk o kGRS R A A oo el £ 600 nm TR
H w3 ok {8 ( Toma ea al., 2003 ) o 2 & 2 B-FiREAE7 R
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k£ 600 nm Rl E Bk E S £ R-FR Y 20°C 10000 rpm FEes 15 mine

T

EA g AR T T0C e e R E 1 M E
IIF] /Z:gr: l‘zt’C)s-flolE' ﬁll?’}ﬁl_g‘:b ‘fﬂ\(m 3 5) %—}?ﬁj‘/l’?*{\f’r’&l = ITT‘JV)»

Rig for R B2 v FES RS ] BT EREOFAMITL

2 - y=0.818x-0.1722
R*=10.99 %

g 15

[

(a)

8 1 -

A

© 05 -

0
0 0.5 1 1.5 2 2.5
ARz £ (g))

Bl 3-5~ FiMicE 2 R0 &

Fig 3-5. Standard curve of cell dry weight

332pH &

1 * pH meter B| T % f¥i% 2 pH & °
333#mBE A 4T

AEEA B 1 {8 eho B AR ELZ  ((dinitrosalicylic acid, DNS
method ) (Miller, 1959 ) BIZARMEE > 7 7 R AcTiEsg > v 2 § ¢
235 A KPR LRk 2 3R TRARSFES 2 3-8 A-S-B Ak

Wit (B3-6)> 2ASFF %> ik k 5750m F Bx sk i o
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s e 0 20°C 10000 rpmates 15 minfs » B~ b i S8 1§ A
ooP Imlz fFrfise » ImlDig g R & > 55 100°C-ki% 15 min -
e 05mICR M fEEES » SRFR S5 kL Fr 10ming 3
B 575 nma B E BB H Rk o BEW R LA A R ER S
¥4 R U D-Fructose 5 #- 8% & > kR~ %5 05-04~03-02 2% 0.1
g/l (B 3-7) o #-p| 1 erer sk m % » & R2 w Eﬁ?" AR P s Ed

BT RESY ABE -

HC=0 CO0™ o

| COO™ Na' | COO0™ Na

HCOH . OH HCOH

| 7N/ : -. ' 3
3HOCH + i'\ +30H ———> 3HOCH + ﬂ +2H,

| P O i / \

HOOH ON Y N, H|CDH O,N NH,

HCOH HCOH

| |

CH,OH CH,OH

3,5- = B AR 3-RE-D-5 B AS B

B 3-6 ~ DNS & & ;¢

Fig 3-6. The reaction of DNS reagent

A % 1% 3,5-dinitrosalicylic acid ~ 0.2% Phenol ~ 1%NaOH
Bu’:? : 5% Na2$O4
C ;% : 40% Potassium sodium tartrate ( EVE L 4T 4 )

D :*i@*an#Im B> 9mlAR"
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[E—
!

0.8
£
£ 06
w
A 0.4 y=2262x - 0.21
S 2_

0 R®=0.9988

0 L

01 02 03 04 05 06

Fructose concentration (g/1)

B 3-7 ~ DNS ;2 2 L ¥ 5

Fig 3-7. Standard curve of DNS method

334 Levan 7 & & 17

AR BT 3T {8 s a2 (phenol-sulfuric acid method)
( Dubois et al., 1956 ) &k ip| #_levan 113 & Levan 3 fafr e £ enif 2
T KRR B BNEBIRKAAREREETAF L ORISR
TIPE o AR 490nm F BB KE o

Levan=n® # % % f%/% >t 20°C 10000 rpm&g -~ 15 min > B~ 1 ml*
Figter w B TS%EW > ACT FE 24 hiE 7ok 0 S P
2 B g levan g 330k o @ € frlevandgok o i levaniic ik %
T PR AR Z G levany Be dE- ] A F BT > L €

BOTIEPE Y o # Tk d ¢ F 7 levan v g3 5500 rpmEE.c 20 minfs o
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dooxm B HA G 75%FpH > 5 5500 rpmdes 20 min 0 Tk $ 70°C
Wico w i ddH0T @ * Az B BaHevandt AR kP B ¥ o

e bR g AP 0 B Lml e r 0.5ml S%fs 2 2.5 ml k
Frfie R £353 8% % 10min > £ 12 25°C-ki# 10 min > >t & & 490 nm
B H w3k & (Viikari, 1984 ) e

TS RLAE F kR % $EA % Y D- Fructose 3 &8 5 >
DR A w5 0.12~0.10 ~0.08 ~ 0.06 ~ 0.04 ~ 0.02 2 0.01 g/ (%] 3-8) -
MR F e kB S R R v AR Y g R T AR S

levan £ -

1.8 1
1.6
1.4 r
1.2
1 -
0.8 r
0.6 -
04 r
02 r
0

y = 13.947x - 0.0032
R?=0.9936

0.D 490nm

0 0.02 004 0.06 0.08 0.1 0.12

Fructose comcentration (g/1)

B 3-8 ~ foFrfk it 2 B W &

Fig 3-8. Standard curve of phenol-sulfuric acid method

3.3.5 ippE A 44
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3 P32+ 20°C 10000 rpm AL 15 min > Bt i3 1 022 um
filter i g » f1* # #8/% 4p & 47 & ( gas Chromatography > GC )i {7 4 47
(Bl 3-9) Bl 2z fprom ERFSHBRLEFFER - 247

(= SR E I T

[S—

. Detector : FID (flame ionization detector)
Colume: capillary column

Detector temp : 240 °C

injector temp : 240 °C

Column initial temp : 40 °C

Column final temp : 240 °C

Carrier gas : N,

© N kv

Flow rate : 1.5 ml/min
9. 2E# A 10 °C/min
107258 02wl
TR RS Ed RRRECFPE R R RAEA B 5 806448 >
3216842 08¢g/l> Hip k2 oo e kavy UEEEY

5(H) 3-10) -
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B39 F WA A TR

Fig 3-9. Gas chromatography

16000000 -
12000000 -
ATea 600000
y = 204530x - 279111

4000000 - R%— 0.9991]

0 <
0 20 40 60 80
PP E R (/1)

B 3-10 ~ JFpE ik B 2 R s

Fig 3-10. Standard curve of ethanol concentration
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3.3.6 Levan & + & &~ 47

Levan 14 + & 14 %388 7% 1% k& 772 ( gel permeation chromatography,
GPC ) (B 3-11):2 {7447 » * f£ & A~ F+ # 5 K 5.2 ( size exclusion
chromatography )z " #8 38 Jm & +7 2 ( gel filtration chromatography ) 4
ﬁlkbiiiﬁgéﬂﬁbiﬁ%¢,gééiﬁﬁkﬂﬁﬁg
o AR AR B B AR I ARy A S

B B A R F AR LY ARG R

T TS gk o

Btk &1 0.45 pm filter g > B~ 20 pl iAo 4 0 R HEF T
FRSEE LR AE L E A3 E o % 2 pullulan 2 & F £
AT R (B 3-12) o A4TiE E 40T
1. Mobile phase : 4 33 -k
2. Flow rate : 0.8 ml/min
3. Column : polySep-GFC-P 4000 - 300x7.8 mm

4. Column temperature : 40 °C

5. Pump : Hitachi model L-6000

6. Detector : Bischoft model 8110 RI
7. Integrator : Hitachi model D-2500
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Fig 3-11. Gel permeation chromatography
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Fig 3-12. Standard curve of polysaccharide molecular weight
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3.4 ket a4

PEHRTE SR T EHER G L (Mean £ SD)E 0 BpiEt
SAS % ¥ (windows 9.0) > 12 ANOVA % = %4 47 ~ Duncans’s test i& {7 4
708 F K& 5 0.05(p<0.05)° & i# * SigmaPlot 10.0 (Systat software,

USA) #4832 (7 (T[] -
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Fig 4-1 Changes of cell dry weight, levan production, residual sugar and pH during batch fermentation with free cells of Z.

mobilis
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Fig 4-2 Changes of cell dry weight, levan production, residual sugar and pH during continuous fermentation with free cells

of Z. mobilis
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% 4-1 2§ F AR E AR R B F 2 Z mobilis 78 2 A& levan 1§ 5
Table 4-1 Effect of sucrose concentrations in feed medium on the production of levan during continuous fermentation with

immobilized Z. mobilis cells

Sucrose concentration ( g/1) Levan ( g/l )* Productivity of levan ( g/l/h )**
50 1.29 £0.12° 0.11°
75 2.14+£0.19° 0.18°
100 7.70 £0.12° 0.64"
120 6.24 + 0.20° 0.52°

* Levan ( g/l ): total production ( g/l ) / times of sampling
** Productivity of levan ( g/l/h ): total prduction ( g/l ) / fermentation time ( h)
Values followed by different letters in the same column are significantly different ( p<0.05 ). Data were shown as mean +

SD for triplicates.
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Fig 4-3 Effect of sucrose concentrations in feed medium on levan production from immobilized Z. mobilis cells during

continuous fermentation

76



—+—50¢g/l —=75¢g1 —4-100g/1 —><-120¢g/

M

D
n
|

A
J

[\
I

ry weLght (g/l
)

p—

Celld
o
(@)

)

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168

Fermentation time (h)

Bl 4-4 & RObEE R H B 20 Z mobilis 13 5 pEE B A A &
Fig 4-4 Effect of sucrose concentrations in feed medium on cell growth during continuous fermentation with immobilized

Z. mobilis cells
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Fig 4-5 Effect of sucrose concentrations in feed medium on residual sugar during continuous fermentation with immobilized

Z. mobilis cells

78



v 36h AT > A gRER 100g/1pF > d x4 1 60h

AKER € H 40 K T92¢/1 8 3 38.16 /1> 2 15 Bk 0 E 3] 108 h

AR T 5 5 Fpt 36~60 h #F B R ¥ A& KR F] o 4R £ Z mobilis

GAEER 5 100 g/l v B FRR A 2 R BT L F %k

4 £ 2 4 = Jevan o
Aow e R e pH B FA 48 (B 4-6 ) ¥ ¥ 36 h 2
(6T > RISARN T > A84h2 67 P RFRAN LR 100 g/l

pH e dicH 4 = %2 X Jap|H R %] 5 Z mobilis tp* 4Lk & b [

M A fdE o FIET L e BUR AR HTBE R A Lok s i

Z%dF > P levan A R F F T D 3 B F 8 4 o

IR E LR RS > S RXE AR EL 10010 T @ T

levan k& 5 7.70 g/l > 2 4 & :# 5 5 0.64 g/l/h -

432 % AL R 2 B
AFHRF A AR R R R F L Z mobilis I A2

£ ~levan 2 & ~ A pEE pH B8 1V 2 B o 4ol 4-7 T Bl 4-10 #7575 >

Bl oA g X A RBER 100/ fFHEELE L 8% (viv))

BHER S 100 g/l § 36 h fed i N 0 AE R A W 5 36

ml/h ~ 50 ml/h ~ 72 ml/h ~ 84 ml/h §= 100 ml/h o d £ 4-2 7 5> § A

# B 36ml/hpF > Tislevan k& 5 7.82 g/l ~ &L & 50 ml/h ~ 72

79



5.2

—~—50g/] = 75g1 4+ 100gl > 120g¢l

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Fermentation time (h)

Bl 4-6 4R R ARk R H T T Z mobilis Fii F N # & pH £ 1
Fig 4-6 Effect of sucrose concentrations in feed medium on pH during continuous fermentation with immobilized Z. mobilis

cells
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% 42 B FEOEFE R F R Z mobilis {2 A levan chg 5K

Table 4-2 Effect of flow rates on the production of levan during continuous fermentation with immobilized Z. mobilis cells

Dilution rate (h™)* Levan ( g/l )** Productivity of levan ( g/l/h )***
0.036 7.82 +£0.23° 0.65°
0.050 7.70 £0.12° 0.64°
0.072 8.85+0.27° 0.74°
0.084 13.30 £ 0.15° 1.11°
0.100 7.82 +0.28° 0.65°

* Dilution rate ( h™ ): flow rates / fermentor volume

* *Levan ( g/l ): total production ( g/l ) / times of sampling
*#%* Productivity of levan ( g/l/h ): total prduction ( g/l ) / fermentation time ( h)
Values followed by different letters in the same column are significantly different ( p <0.05 ). Data were shown as mean =+

SD for triplicates.
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Fig 4-7 Effect of flow rates in feed medium on levan production from immobilized Z. mobilis cells during continuous

fermentation
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Fig 4-8 Effect of flow rates on cell growth during continuous fermentation with immobilized Z. mobilis cells
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Fig 4-9 Effect of flow rates on residual sugar during continuous fermentation with immobilized Z. mobilis cells
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Fig 4-10 Effect of flow rates on pH during continuous fermentation with immobilized Z. mobilis cells
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243 BN FEEOTHE L R H AL Z mobilis FAE A A& levan 0§ §

Table 4-3 Effect of amount carrier load on levan production during continuous fermentation with immobilized Z. mobilis

cells
Carrier load ( v/v )* Levan ( g/l )** Productivity of levan ( g/l/h )***
8% 13.30+0.15° 1.11°
12% 7.40 + 0.20° 0.62°
16% 6.00 £ 0.26 0.50°

*Carrier load ( v/v ): carrier volume / fermentor volume

**Levan ( g/l ): total production ( g/l ) / times of sampling
***Productivity of levan ( g/l/h ): total prduction ( g/l ) / fermentation time ( h )

Values followed by different letters in the same column are significantly different ( p<0.05 ). Data were shown as mean +

SD for triplicates.
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Fig 4-11 Effect of amount carrier load in feed medium on levan production from immobilized Z. mobilis cells during

continuous fermentation
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Fig 4-12 Effect of amount carrier load on cell growth during continuous fermentation with immobilized Z. mobilis cells
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Fig 4-13 Effect of amount carrier load on residual sugar during continuous fermentation with immobilized Z. mobilis cells
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Fig 4-14 Effect of amount carrier load on pH during continuous fermentation with immobilized Z. mobilis cells
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44 P BIFFHEAE S 0 FH it iR N R Z mobilis 2 A levan chR 5
Table 4-4 Effect of levan produced by batch, continuous fermentation with free cells and continuous fermentation with

immobilized Z. mobilis cells

Fermentation methods Levan ( g/l) Productivity of levan ( g/l/h ) Fermentation time ( h)
batch 4.10 +0.07° 0.17° 24
continuous with free cells 5.53+0.28" 0.46° 132
continuous with immobilized cells 13.30 £ 0.15° 1.11° 168

* Levan ( g/l ) : total production ( g/l ) / times of sampling
** Productivity of levan ( g/l/h ) : total prduction ( g/l ) / fermentation time ( h )
Values followed by different letters in the same column are significantly different ( p<0.05 ). Data were shown as mean +

SD for triplicates.
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% 4-5 = )f;‘l% ? 1% Z mobilis # 52 A levan 82 AP 7 B % 2 R

Table 4-5 Comparison of levan produced by fermentation of Z. mobilis for reference and in the study

Z. mobilis Z. mobilis

Z. mobilis

. Z. mobilis Z. mobilis Z. mobilis Z. mobilis Z. mobilis
Strain ATCC ATCC ATCC
ATCC 29191 31801 31801 31801 113S 113S B-4286 ATCC 29191
Stainless .
Carrier Polypropylene i i i steel wire Ca-alginate i Polypropylene
foam gel foam
spheres
: Repeated Repeated .
Fermentation o 1 with batch batch batch batch with . epeated batch Continuous
method IM* ™ batch with IM with IM
Carbon commercial sugar cane
sucrose molasses sucrose sucrose sucrose sucrose
source sucrose syrups
Levan
production 6.44 21.685 2.533 15.456 12.6 13.6 14.5 13.30
(gl
Levan
productivity 0.27 0.90 0.10 0.64 0.26 0.28 0.60 1.11
(g/l/h)
Reference #2(2010) Oliveira Oliveiraet Oliveiraet Bekersetal. Bekersetal.  Ananthalakshmy This work

etal. (2007) al. (2007)

al. (2007)

(2001)

(2001)

et al. (1999)

*IM: Immobilized cells
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Table 4-6 Effect of sucrose concentrations on ethanol production during continuous fermentation with immobilized Z.

mobilis cells

Sucrose concentration ( g/1) Ethanol ( g/1 )* Productivity of ethanol ( g/l/h )**
50 17.89 £ 0.15°¢ 1.49¢
75 24.57 +0.21% 2.05"
100 27.79+0.17° 2.32°
120 38.65+0.11° 3.22°

* Ethanol ( g/l ) : total production ( g/l ) / times of sampling
** Productivity of ethanol ( g/l/h ) : total production ( g/l ) / fermentation time ( h)
Values followed by different letters in the same column are significantly different ( p<<0.05 ). Data were shown as mean +

SD for triplicates.
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Fig 4-15 Effect of sucrose concentrations in feed medium on ethanol production from immobilized Z. mobilis cells during

continuous fermentation
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Table 4-7 Effect of flow rates on ethanol production during continuous fermentation with immobilized Z. mobilis cells

Dilution rate (h™ )* Ethanol ( g/l )** Productivity of ethanol ( g/l/h )***
0.036 26.84 +0.27° 2.24°
0.050 27.79 +0.17° 2.32°
0.072 29.29 + 0.24° 2.44°
0.084 17.16 £ 0.16" 1.43°
0.100 19.14 +0.18° 1.59°

* Dilution rate (h™ ) : flow rates / fermentor volume

** Ethanol ( g/l ) : total production ( g/l ) / times of sampling

*** Productivity of ethanol ( g/l/h ) : total production ( g/l ) / fermentation time ( h)

Values followed by different letters in the same column are significantly different ( p<<0.05 ). Data were shown as mean +

SD for triplicates.
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Table 4-8 Effect of amount carrier load on the production of ethanol during continuous fermentation with immobilized Z.

mobilis cells

Carrier load ( v/v) Ethanol ( g/l ) Productivity of ethanol ( g/l/h)
8% 17.16 £ 0.16" 1.43°
12% 16.84 +0.13° 1.40°
16% 19.98 + 0.19 1.66"

* Carrier load ( v/v ): carrier volume / fermentor volume

** Ethanol ( g/l ): total production ( g/l ) / times of sampling

*#* Productivity of ethanol ( g/l/h ): total production ( g/l ) / fermentation time ( h)

Values followed by different letters in the same column are significantly different ( p <0.05 ). Data were shown as mean =+

SD for triplicates.
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continuous fermentation
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Table 4-9 Effect of ethanol produced by batch, continuous fermentation with free cells and continuous fermentation with

immobilized Z. mobilis cells

Fermentation Ethanol ( g/l )*  Productivity of ethanol ( g/l/h )**  Fermentation time ( h)
batch 29.75+0.12° 0.83° 36
continuous with free cells 16.74 £ 0.09° 1.39° 132
continuous with immobilized cells 17.16 £ 0.16 1.43° 168

** Ethanol ( g/l ) © total production ( g/l ) / times of sampling
*#* Productivity of ethanol ( g/l/h) : total production ( g/l ) / fermentation time ( h)
Values followed by different letters in the same column are significantly different ( p<0.05 ). Data were shown as mean +

SD for triplicates.
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Table 4-10 Comparison of ethanol produced by fermentation of Z. mobilis for reference and in the study

Z. mobilis

Z. mobilis

Z. mobilis

Z. mobilis

Z. mobilis

. Z. mobilis Z. mobilis Z. mobilis
Strain NBRC NBRC ATCC ATCC ATCC
ATCC 29191 13756 13756 29191 1138 10988 10988 ATCC 29191
. Polypropylene Ca-alginate Pectin Polypropylene
Carrier - - -
foam gel beads foam
Fermentation Repeated Repeated Repeated Continuous
method batch with Batch batch with Batch Continuous batch with Batch with IM
IM* M M
Carbon
Source sucrose cellulose cellulose molasses glucose glucose sucrose sucrose
Ethanol
production 32 2.5 18 55.8 34.0 58.2 89.3 17.16
(g/h)
Ethanol
productivity 0.89 0.10 0.375 1.16 6.8 2.33 3.72 1.43
(g/l/h)
. Yamashita Yamashita  Cazettaet Tomaetal. Kesavaet Leeetal. .
Reference #R2010) ol 2008) etal. (2008) al. (2007)  (2003)  al (1995)  (1995) This work

*IM: Immobilized cells
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Table 4-11 Molecular weight of levan produced by continuous fermentation with Z. mobilis

Carrier (v/v) Dilutionrate (h') Sucrose concentration ( g/l ) Molecular weight of levan ( Da )

8% 0.050 50 1.65x10" 2.25x10°
8% 0.050 75 1.76x10* 2.34x10°
8% 0.050 100 2.01x10* 2.35%10°
8% 0.050 120 1.44x10* 2.30x10°
8% 0.036 100 2.76x10° 3.88x10°
8% 0.072 100 5.87x10° 6.33x10°
8% 0.084 100 5.21x10° 4.73x10°
8% 0.100 100 5.21x10° 6.33%10°
12% 0.084 100 9.52x10° 7.84%10°
16% 0.084 100 1.14x10* 9.71x10°
Free cells 0.050 100 2.29x10* 2.54x10°




etal, 1999 )11 & 4 % (v ¥ FIF e fa(§ % 4 5 2010) -

*UE] 4-18 46T o B S 0.050 hEE o R E I B
B F B 0EZ mobilis %> A2 2 levan & 3 £~ > pRTH @
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S
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o~ fEMMEERE LRV G FRF 7 OB ( Calazans et al, 1997;
Yamamoto et al., 1999; Yoo et al., 2004; § % 4 > 2010) o F|yt » 11 Z
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