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fip RERIE R o [FING AT AR A AR E E 2 AR - AL SR A ik (R - [HIGRESE - AWt
FeiRay LLHRE T R B LIS E B (Bacillus subtilis natto ) #7580 A4 22 B R > FRaT SV ~
#4a pH E ~ JRE - EEREHAERRRE P E o MR EEERT: - SRBRWETE
ARH A E R EER R - WEED NB BRI {ER - WAEINAIIEURZ HREHEE
A R 175 rpm > SR fE 37°C ~ #)4A pH 6.5 TSR 48 h SERBUNHARRHEZ RS
2 18.0 g/L (26% > DIFEAESFEST ) - SR A EIE IR 1% M54l b2 B SR ARmE - T Hoa e
R EREE (4955 9/L) BLAE (4740 9/L) - DUSIEIR{E Ry Cupriavidus necator 4 EE 5 {k
EYZBIFA RS )G pH E - R - B HARE PHA 228 Dl A B Rt - &5
SREEH C.necator DL NB BFE AN E(L1Z - RS biF < 48R 84 - #8K 200 rpm » JiJE 30°C -
#4a pH 7.0 HETHERIEE 48 h SERBUR SRS E & 12.02 /L PHA JRE Ky 1.60 g/L> PHA
& h 13.30 witd -
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ABSTRACT

As fossil fuel supplies dwindle and environmental awareness rises, the biorefinery process has

emerged as the most promising method for the production of alternatives to fossil fuels and traditional,

oil-based chemicals. In particular, the microbial conversion of biomass for biopolymer production is
attractive because of the substantial demand for degradable biopolymers and wide availability of
renewable biomass feedstock. Microbial biopolymers are biodegradable, edible, biocompatible, and
nontoxic for humans and the environment; they do not rely on oil resources; and their applications are
versatile, safe, and environmentally friendly. Microbial biopolymers offer a variety of industrial
applications in the fields of cosmetics, foods, pharmaceuticals, and the environment. The purpose of
this study is to investigate the feasibility of a tandem production of two invaluable biopolymers, levan
and polyhydroxyalkanoates (PHA) , by using microbial fermentation with sugarcane juice as a
feedstock. In the first section of the study, factors affecting levan production by fermentation of
Bacillus subtilis ( natto ) Takahashi in a medium containing sugarcane juice were studied. The highest
yield of levan production (18.0 g/L at 24 h; 26.0% by sucrose consumption ) was obtained when the
bacteria were cultured in a medium containing sugarcane juice (with 78 g/L sucrose ) at a pH of 6.5,
temperature of 37°C, and agitation speed of 175 rpm. The fermentation broth was concentrated using
ultrafiltration membranes. The levan was harvested from the concentrate through precipitation by
adding 4 volumes of cold ethanol; the filtrate containing glucose (~55 g/L) and fructose (~40 g/L )
was proven to be a suitable substrate for the production of PHA by Cupriavidus necator. In the second
section of the study, the factors affecting PHA production by fermentation of C. necator in a medium
containing waste filtrate from levan fermentation were studied. The highest yield of PHA production

(1.60 g/L; 13.30 wt% ) was obtained when the bacteria were cultured in the medium for 48 h at a pH
of 7.0, temperature of 30°C, and agitation speed of 200 rpm.

Keywords: Sugarcane juice, Levan, Polyhydroxyalkanoates
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TR - [ ] AL e B (B o > MRS A 38 2 %
CRAE > [E15FA5% (2,6, 9-13, 22] - NIt AWFEHREEILLIH
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> N EEEOREEZ A bR > BB AR R 2
R Al Z S TIE(EE -

EREHE (Levan) B—HIEHAAE G- (26) -HHEH
EHNVE L- (2,1) -RIEH RSO RARERSY)
CRTHRRZ AV A E AR g R b Z bR A S
DTEEY - WREMEEAKE - TR AV SR
HEARG B2 EEYE NS - AL T REARR
BERRRE RO TR Bl bl ~ B R RIRE RIS
FEM 11, 3, 21] - REEREMEEADUER - JURERRA - %
PR ~ (R AR B A AN - FES SR R & dn T
BARRHIFERIE ST - HAELENE A AFE AT (F R L LA - i
JIBOE - RREH - MR - REaEE - BERNERAE
JKHJERE [3, 21] - BEARIEME (Levan) FIHEH URERE B2 E
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SRITIA R - HEERE ARV H T DA E R R R (B AW

ISR 2 R HEREAEES (8 -2,6 R - D-#jAtE
- FUREEERLES > EC 2.4.1.10) AL TSR R R FE I T
B [12, 21]

BRI ELEXE (Poly-hydroxyalkanoate, PHA ) Afifid:
VIRINRE R < (Y - RN A R E Z PHA R A Y
BB YR Sy Rt 2 PN B MYV E - NIEE A B4
YRR IR Rk B R sk R - BEE B
P EYI EAPHAG RS 1) B4 T IR B 0RFER
FEE g i (B R B B ERER) BITETRESER
VA FEPHA » DIEEYIAEPHA » BRTENE - g ~ &
& AT RobhR o » B NE i R A AL 2 Wl - eSS
R REPHA » BRI Z BT —(H B A AR U
EE ZhRIR - WA RS T PR s PHAZE L 2 Ry B -
PRI P B B A2 B R AR EPHA R AT TR R R e A /]
LESHINEEES [10] - BEEABNREERE - KE
By BER - AR B R R AR R LU R B A
A EEPHALS, 10, 16-18, 22] - {ELRs e A IR

A B e g LURENE R BRE A 29 1) H Bacillus
subtilis natto AL FE B SLURENE (Levan) [21] - HEE &S
SEFERERE > FET By/EEE levan 2 HRUIEE NI AWTZEE—
By E RS AN R S B H R+ DA AR R R ( Levan )
ZEOERE B DS SIS EE 2 EIAR RN  RETR R A
ZHEIApH ~ JRE ~ R R EIE RSN R W R R E R
WEE R Z 8 - 55N SRR R RN E Y R Y&
B BN — PRS- 55 BRI A EE B SRR
BIEEER (SRR RIER > #8572 Cupriavidus necator
BRIk ES B AR FEEPHA Y B8 U705 R B 5 -

=~ BRITERSER
(—) B
KIRFEH—E AT R R EE R EEE (Levan) ZH
&y Bacillus subtilis natto - IEEPR AT H H A S & HiEbTFEAT
S BB AT R AR (PHA) ZEifk
B Cupriavidus necator BCRC17389 » B] 1A= ¥ & F -1 S bt
FELLIERS - RIS GERAL BT - i Ry a8
EHh T -
(Z) BEAEERA
FHb iy A R R - (4 B. subtilis natto B IIA
& 5mL NB A (RZERW) 39/l - EEHEE S o/lL) 2k

B0 AE 175 rpm ~ 3TCHEE 24 /NEFETTEE —JUEAL < itk
BEAGAVETEEIA S 95 mL NB F¥&EAk” 250 mL =73
JH  AE 175 rpm ~ 3TCEFE 24 /NRFHETTES —20EE -
HREEALHYENR LA 10% (viv) BEHE)Y 250 mL $EH - A
GRETHAEREER 100 mL > A FEEEESHET
100mL ~ MgSO, - 7H,0 0.5 g/L ~ NaH,PO, - 2H,0 3g/L -
Na,HPO, - 12H,0 3g/L » [HHz&EAE #1144 pH6.5 ~ 37°C ~ 175
rpm B RS 48 /NI o 55 B AR A R AR
BB A 2 5 mL NB B 58 > 7% 200 rpm ~ 30
CTH& 24 /NFETE ORI - Kt SRR E R
A& 95 mL NB B2k 2 250 mL =M#Efi - Brg k(s
100 rpm ~ 30°CHFE 12~15 /NIFIEEITEE —ZUE(L - KE{L5E
k2 B 10% (viv) B2 250 mL S > RN E Levan
SR 2 #8ER 100 mL (& Glucose 55 g/L ~ Fructose 40 g/L
AR KH,PO, 2.8 g/~ Na,HPO,- 12H,0 3.32 g/L - urea 0.54
o/lL) HYEERTEAL - B FAE WA pHT ~ 30°C ~ 200 rpm i
BRI N RS 48 /NI o B HAR DA AL AiA o i R
M ~ FENE ~ AOAENE - SREERURE (g/lL) 2L - PSR
ZER (LI%FR) R AT EER LR DUEERT R Z
TR -
(2) Bt

AE WK SRR EETE (High Performance
Liquid Chromatography, HPLC ) 53#752 » 4t st B L 0.45 pm
HIEFAEIET > 72 HPLC 7347 - HPLC iR B ZE
1+ £ SUGAR KS-802 column( L=300mm, ID=8.0 mm, particle
size-5um ) » {51125 &5 RI Detector( Bischoff 8020, Germany ) »
EDFEfER HITACHI L-2130 » FREEAT & (Injection
volume ) %y 20ul > DLEREF 7K F 2 (mobile phase ) >
i (Flow rate) 0.5 ml/min ~ JE & ( Temperature ) 50°C
NOIHT R  RERE - ApAgE - SUREAVER(E (3, 21]

() Levan Z5yREét{b

RE G R R R 2 40E(T Levan 2y R4l
b > EERIU Y BERE 240 A — TR E0 (cross flow) 73R
St > (6 2 Sy iR By 5 ~ 300kDa - figZefE (Tami, 10 mm x
600 mm EfE) o #RIENG - DUEERENHRHE IR 24818
B DUBE R ASHEE » HATRESRIFRIEN » DU
BB ZEYYEAE AT Y HERS - & [FRRROR AR A » BV N> T
Ve & AR T A ZB IR Y R T & Rk
B o SEERIEER IR TR B Ry R ES © B R & AR
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THVERRAEREL &/ N TYE B IEAR o L 2% o]
B. subtilis natto 4=E > Levan EHE NI DAY Bl » e
48 /NERHE 7 ST DAHE = S R o o B R RS SO
AR BRI A P B BRI o BERRE 240 B Levan - B. subtilis
natto EEFRZEHHY Levan AR [ERIRE >+ &8 > 001 5
=5y TEEE (5 TR 1x107~2x10" Da 7 ) B{& 5y 75t
B TR 1x10°~9x10°Da i) )- A E E{ifi FH 5+300kDa
WA 7 B R AR o B H = o B EE (R T E R DURER
5kDa fYHAt/F - & ~ &8 Levan ZRANRMA 4
BRI ACTARE 24 /N - FFDAEE OOy
BT B LY » DRI LA ST K B 1R 802 REZIR T
Bz IAe4 bz S ~ {&5r& Levan o
(F) PHA &3#7

S e 1% 2 SRR DABE L P%AE 4°C ~ 10000 rpm
Bl LI EBR FIFR o BB LR 50 ml o REERE EIEIRY
RERFELNRORMERE - 11 60°CHtEzZ » Hizie 2 BERgLL 50 ml
REBEHGZHAFFER 3TCHEM 1~2 N\ - FEEBR 2R
EIRLAEECELE 4°C ~ 10000 rpm TEEL ~ Kbk EFRIIR
R [ ARG R - AU B AT IR AR DA 50 ml 2 KBk /KE
Rtk DIEECMETE 4°C ~ 10000 rpm REE O ZER: LER »

ROE T F 7 o OSBRI AR R AR S T IR e - e
PR AR B EEZIL TS PHA B3R - 1 PHA B RFFEL
0.001g J&}* 10 mL JREHEE T > AIFA 2 100°C AEFHF4H 10 776 >
& EHRORAE - MO R 260 nm 2] -
A LURBREE(F Ry 22 E5AA] - PHA Z R AT 18 PHA (AR i
ZREGORY - PTG BdR AR R REERIR T PHA 2R -

[1]

» GER BT
(—) RS B. subtilis natto ZEAREHHIRSEE
A4 Levan 2 &

AEER ¥ 1L 250 /L jEEARE R BV A B. subtilis natto
FEFEAFE Levan » A2LA 50 rpm ~ 100 rpm ~ 175 rpm ~ 250 rpm
A TR E B - SATUEEER 50 rpm K 250 rpm
HIWEHET » B AR > (H Levan RIS #0980
F 40 /R & E B G % 50-60 ofL - EEHAR Sy 175 rpm >
Levan FEE 1 24 /NFIFEFIFRE - EELF 50-60 g/L > 1£
Levan A:EERRFH] ARSI E S 2R T 2 A EERp i A [21]
AEBERT B . subtilis natto £ &7 (EMERE R 78 9/L)
FIES R - R EHIRRE TR Levan 252588 » SREIRAE
46 pH {E 6.5~ 37T°CRfF T 48 /INKF » B pH {E

%

DAPNBHELZ B CEEEIRs 10 1) JESERIZCIHEL » mefBREH WA ~ Levan A BLFEIEEAVHRIBZAE 1 - 4553
3 10
6!—__. PR S - 8 ~'T3

b w = el 1)
| “F
L xl; @
o, _r’v/' '] 4 <
2 /: ‘Z‘/. LOP) E
Q
0 0 5
0 8 16 24 32 40 48 0 8 16 24 32 40 48
35
~ = ] = . %0 3
O ¢ —— e S
~ L)
o) 21 L -1 i d
T =" 0 3
3 £
=7 05
Q N 2 =1
— 0 : : : : : ¥ ¥ z ‘ 2o &
0 8 16 24 32 40 48 0 8 16 24 32 40 48
120 -
-~~~
A % 90 L_—J
B =0}
' A——t ] A AL60
60 \j v A S— Q
2 ¢ xi!—Jl 8
S [ S e £
'_5' 0 0 E
) 0 8 16 24 32 40 48 0 8 16 24 32 40 48
Time(h) Time(h)

B 1. FEHEEEEE B. subtilis natto fE &R THISSEE FAERE Levan ZHE
B (rpm) (M) 0:(e) 1505 (A) 1755 (V) 200
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10
9 ~~
e
St g
as 07 ”"”’fg * 4 g
a3 v - £
=3 1 LSS PR
0 0 Q@
0 8 16 24 32 40 48 0 8 16 24 32 40 43
80
~ 30 o
E i DN 5
& o—— ¢ I——=y—p " 40 0
E 15— " ﬁﬂi' z
% {20 5
= 0 || L2
0 8 16 24 32 40 48 0 8 16 24 32 40 48
50
~ 45 A——a 2
2 A e S : i 40 2
230 - 3 "\*\*%,\_i 30
@ _/.,L. 1l
S0/ e S
5 of /o S ) Z
0 8 16 24 32 40 48 0 8 16 24 32 40 48
Time(h) Time(h)

B 2. “R[E] pH {E#f B. subtilis natto fE&REFHYSER P4 EE Levan 2 B2
pHE :5 (M);55(e);6 (A);65(V);7(@®)

HURELAFERE (0rpm) 48 /N - HERZFAEER
A7 Levan R MiE 2 ERE (£ 14 g/L > Levan FEEHH
R - B. subtilis natto ££ 200 rpm [EZE 48 /NI (% - EH
ERGE B % RENERMFE B B B R EEE TR
SUMEIE] - {HAEE Levan Y HAREHR Fy4%18 - 7% 150 rpm -
175 rpm {5 - 5555 24 /NF#%Z - Levan 1Y 4 7 B EFIREE
ARRE > EEHRF R P AT RERE 28 DO - B4F 175 rpm {5
7 M EFTISEIRY Levan iy 16 /L 5 150 rpm fF{: MEEAT
550~ Levan 14 g/L = » & 175 rpm £ B. subtilis natto &
FETHVESE A AR Levan Z ix & RS > I DAL 3
BTG ER -

(=) R pH &% B. subtilis natto £ SR AR R E R4

E Levan ZE&

FHOCBA AT B .subtilis natto £ pH ffH ERFERE#ETT
Levan #y &k [3] & pH EIR(K (<5) SR (>8) IFH
Levan EEETRK > EEA@4E - & B . subtilis natto DL
T R B Levan I > FERENERIE Ry 250 o/L - S E
#RJEE 175 rpm> SR 37°C > fif pH £ 6 B2 7 RpiHEL {7 Levan
FERAE 24 /NiF1& B EEFITEEINAR - (BAF pH 7 B 1] DUSEE
REER Ry 60 g/L (28% > LIFEMEHFEST) > B2 pH 6 HY 50 g/L

(23% > DUFERERFEST ) AHECEL » pH7 AFL Levan YR 7
[21] - AEEEERET B. subtilis natto fEE T (AR 69
o/lL) HyRFEE - AEWHG pH BB Levan 2%

BHEAE 37°C ~ 175 rpm fGr{F N EFE 48 /N - BRE I Levan
A 0 pH H - EESERESEREIHRIEPAE 2 - 45
YA pH (E1E 5 81 5.5 % - ASEREUR 412 - Levan
R - EWi4a pH £ 6~ 6.5~ 7 1% - ERg4ERHE -
FERRHFEZR B Levan 7 78 &8 AHE 14T - (BAE #)4A pH {H 6.5
HIWRAET > Levan EEE /R 16 /L (28% - DIRERENFEST) By
= R #I44 pH 6.5 B B. subtilis natto DUEEE A EVE 4= 7

Levan [A##E pH (B > GLALE pH (BT TRET 2 B -

(=) FEIREES B. subtilis natto fE SIS EEF 4
E Levan Z52&

AEEZE DL 250 g/L iFkE BEVEFI A B. subtilis natto
EfEAFE Levan > 7E 20C ~ 25°C ~ 37°C ~ 50°C EEnF 38 E
20°C {4 T REMEATIEFE  BIRSIVRCER K Levan (Y & B2
KKREEAL  1F 3TCIRMET Levan (97 8 RIS HAt B g
N ZESR » B AT LUEZS] 60 g/L (28% - DUREMEHFERT)
[3, 21] - AEERERET B. subtilis natto 17 &7 (EMERE R
69 g/L) HyEFEEY » REDREHAZE Levan I 5248 -
BAAEW)A pH 6.5~ 175 rpm R 58 48 /NI fERFEH
R~ pH {H - HEe4E - Levan 4 FE Bl R FBEMENY £S5
JANE 3 - S5 RBFHEBE 40C NAERKS - BRER D
WeH > HEEE 48 /NI % 0 Levan AR EBET FARIRAE - (E0E
& 55 37T°C 2 T Levan ZE R fyfer= 18 g/L (26% > DA
HFERT) » TR Ky 30°C ~ 40CIRIFIFAEELT S 14 g/l » Y
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Gy ., 10

8 d

T ! ‘ \3?

<. A—a—als 3
2 e 0

-___.ﬁi‘ﬁlﬁl x bl g

0 ‘ : - ‘ g @
0 3 16 24 32 40 48 0 3 16 24 32 40 48

40 75

A
%l.%'
10f

Levan(g/L)
=2

N 60

Sucrose(g/L)

45
\ 30
15

A\‘_

| T I — |

0 8 16 24 32 40 48 0 8 16 24 32 40 8
1 30 -
2 a0 2
% 30 =" S
3 A
g 15 ! 128
E 6 2
O 0. ) i i . i i i 0 s 9

0 8 16 24 32 40 48 0 8§ 16 2 32 4 &

Time(h)

Time(h)

& 3. “RECEEE B. subtilis natto FEERETHVRFEE P AE Levan Z &
KB (C):30 (M); 37 (e); 40 (A)

37°C A B. subtilis natto f£ & HHYESE AL 4R Levan 2%
BRI

() REFVFEDES B. subtilis natto FEERETHIEEE
R Levan ZR/&

AEBE GEESIRINEURE B. subtilis natto 1 & EEAEY
BEgE A E Levan B8 - REUAIIERIA G40
Levan ZE& [3] - BEEIAINER 228  AERLL NB
R L B, subtilis natto —ZGE(L1% 0 H 10 % SRR
SHETZAERERE  HPIRIER 2 A R Yeast
Extract ~ Beef Extract -~ Peptone ~ NaNO3; ~ KNO; ~ (NH, ) ,SO,

(10 g/L) - BEURAKHTMEERE RS 175 rpm - I THEHETE
48 /NI - TEEFEIIMIZ pH A ~ RS & - Levan Al
BEEEHVHREPAE 4 - SREHR - EIAAEER
R ERR AR R - Hrhi0 Yeast Extract 1 Beef
Extract HYSFEEAERTEE 48 /NIF{% > Levan & 2 -FAHIRAE -
JrAIEEE] 10 g/L 81 12 g/L - R/ Peptone HySFE AL -
Levan EEE A 5 o/L > AES D RERE & oK - 0
N EURRRI R - BT ER - REMEENFE 10-15
g/lL - Levan EEMAA 1-2 g/lL - f BAESR AT - B.
subtilis natto 1£& e Ay E AL b A= 2 Levan B > FRINEUR
BN AN Levan AYZE & - S MR B BB R SR NN EUR

T EERF AL - LR RPEI TR 2 U - K RIS L R
W AT {5 F 2 SR AR -
(F) Levan Z#&ifk

e LAAE R IR THEEE 48 /NIF TR 2 B8R 1 L » DL
BT B 2 S T o8l 0 TR - /N TEHY Levan
FOBER » A2 ANIE 5 s - S5ERASHEE (%  Joifif 300K
Da ‘Eiiffits @ AifdRiERE =y T8 Levan (43 T8/
174 110~ 2x10" Da 2 1] ) » {fii Fir {54 f P 8 5k Da &
T TS EGER SRS T8 Levan (5 TE/ 17 1x10°~
9x10°Da i) » i AT i i il & % & HE 55 g/L B 40
o/l - SrRlfEE S - &I Levan ZREERIIA 200 ml B2
400 ml BEFE 2 % HUTHE - 15 4°C TAFE 24 /NF§E - DU
B AT 4°C > 10000 rpm BECy » JUBRPISS LB OKEE R
o R > RIS RIS S ~ (RS T8 Levan - H/ Levan
LT TR S Ea e B G R RO R
= TREEZ JFR - BURIYE 2 58 —# i 0RFI 4B 2 Levan
BB RE R R BB DA B AR PHA -
(%) DAAEEE Levan 2R REBEAERE N EE
PHA > B

FH 3t Levan 4R > T - &CHDEIERURIER - I8
RamaR B (A%E 55 o/l ~ JUHE 40 o/L) > (RILF]

ul
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8
6 — 12
———, e | B
T 4 f% 3 2
(=9
) %,474: a——
‘ - @
TS i w2 w0 w0 & 16 2 3 w0 48
28 175
51 F— ~ 10 3
B —— Jas @
= 14 o —} 0
== \ e
o 7 0
" \ - (1)5 ¢
0§ 16 24 32 40 48 0 8 16 10
60
. o 160
o 45 - d
3 - R = L
3 30 e — O e 0 3
z 5
ERE 115 g
C ‘ =

=1

3

16

w3 40 B

Time(h)

=

Time(h)

& 4. FREEVREEE B. subtilis natto fESRETHVFEETAERE Levan 28
SEUEFERE - () Yeast Extract ; (o) Beef Extract ; ( A ) Peptone ;
(D) NaN03 H (v,) KN03 H (A) (NH4) 2804

| BEEFRIL I

300kDa % 4%

[ EHETR somL ] [ SRR 950%]

FThoh AR~ R

M

[ o-F&Levans. 16a]

SkDa% #

AR 1000

AR E
o RE

S BRI ssomL

(&H EMSSgL~
AFE40gL)

[ &5 F=Levaniasg

)

& 5. Levan §{EFTSS ~ R T& Levan ZEE

By B

FH 0L 48
NazH PO4 °

BRI R EE RN 2.8 g/l KH,PO, » 3.32 g/l
12H,0 K 0.54 g/L FRZ E%EUR » 2L C. necator

BIPR S EE PHA © BFEAEAE 200 rpm ~ #)4A pH 7 KA [E]
Ui (20°C ~ 30°C ~ 40°C ~ 50°C ) Mk T iR 48 /NIFT% »
Plopk st AR HE R AR E - W0 PHA EY) 2 &
B o GRWFE 1 FUR  ERPERETE 30°CHy PHA Ay B

= 1.87 g/l SCHREE4S 100 g 55152 12.87 g PHA - S0k
EH71v Aeromonas hydrophila 785 & 30°C (&4 N &R » PHA
EEikeiZ 0.9g/L PHA &&= 24 % [4] » Ifi Pseudomonas
fluorescens K, Pseudomonas putida W619 7F 30°C {64 i
I > PHA S8 im0 il R 32.98 %) 26.8 % [7] - L8R
PHA ZRIERIFGE R BIARZEE AL - RIELHF 30°C ks
"R B

= 1. FEIEES C. necator fEF Levan BB RREE

PHA g8k
R AT PHA ERE PHA & &
(°c) (g/lL) (g/lL) (Wt% )
20 13.24 1.21 9.14
30 14.56 1.87 12.87
40 13.05 1.23 9.45
50 11.23 1.17 10.37
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(EODA&EE Levan Z BIRK A B £ A B pH{E N 42 PHA
ZHE
AREERRETRTEEYG pH (H¥ C .necator /] Levan
SRR E PHA 228 o ST R A0 Al i AR A
KH,PO4~ Na,HPO,- 12H,0 KR Z %A% pH (B f 6~ 6.5+
7~ 75 K 8 WIAERE C. necator - $%&ELAF 200 rpm ~
30°C fi&fh THEE 48 /NIF  SEERUNSE 2 Fm » 45 SRR
G pH B R 7 1 PHA FE B % - 72 1.60 /L - HERGHZE
By 12.02 g/ > $AESEF 100 g i2E S 13.30 g 2 PHA < AL
W46 pHT R4 Levan SR @ IERERE PHA YR
pH 1B - SURREEPR » ‘E{# F Hydrogenophaga palleronii ik
A7 PHATRS - 78 pH 7 i T A2 PHA » /S 5y 16.79
g/L>PHA &&= 1] #E 68% [17] {5 Pseudomonas pseudoflava
EIPRAE pH 7 (& TR PHA =i 5y 20 /L > PHA &
E S 62 % [18]°C . necator {i [ EE H Il A EYE A7 PHA
I o 42 pH 7 (&1~ > PHA =R R 51.2 g/l » PHA S8
A2 62% [6] - AAHIFTZ AHFEE R (C. necator) M {HE AN
{EEIER BAE A PHA RS - 1£ pH 7 f5R(F T > PHAJRIE
T by 12 g/l » PHA &2 5 14% [16] - %8453 C. necator
BRSO R PHA BIRR Z I 78 B33 87 pH 7 Ryfil 2 (R f: -
ISR EBUANZE4E SRAR L -
() BAAEE Levan ZERRAEEEA FEE T LE
PHA g8
AR RES C. necator ] Levan SRR
AEE PHA Z 5280 - Bl 2 BUFAIATAL - B AR EHE
2R (0 ~50~ 100 ~ 150 ~ 200 rpm) - {J4A pH 7 % 30°C
I RS 48 /NIF > G5 3 PR o 45 RS TIIEHMES
T Ky 200 rpm Ry PHA FE B2 1.76 9/l HEHGHZE
K5 1341 /L » £KHREHIS4S 100 g HZE & 13.13 9 Z PHA -
e E 2R 200 rpm £ C . necator {55 ] Levan S¢EZE 5
WRAEZE PHA I8 S T B U » SURREEDT > Btk C.
necator {5 FH #a3% B A E A= PHA B » 17 200 rpm &4 R »
PHA ZEE A[%E 3.93 g/L - PHA &8y 74%[5] » LIAHHZEAH
[EE PR (C. necator) 3ifsE FIARMEDHEFISRAEA R &9 Rkt
'EAEFE PHA R > 78 200 rpm f5(F T PHA BEiRfE 5y 5.13
g/L>-PHA & & 1] % 67% [14]-{$ / C . necator fi{ k4= 7 PHA
EPRZ T FE S BRI A AE 150~200 rpm A E N
PHA FER - IEASIRELAIFEEE AL -

2% 2. A[E pH {E%f C. necator /] Levan SE B ERE

PHA g8
qp | EAE PRAEE  PHAGH
(gL) (gL (%)
6 10.18 1.22 11.98
6.5 10.97 137 12.45
7 12.02 1.60 13.30
7.5 10.36 131 12.50
8 10.03 1.02 10.15

% 3. FEEEEHEE C. necator 7 Levan HESRBRERE

PHA /%
R W E PHAJRE  PHASE
(rpm) (gL) (gL) (wt% )
0 1.20 0.02 137
50 2.76 0.06 2.12
100 4.52 0.48 10.69
150 12.94 1.64 12.66
200 1341 1.76 13.13

g~ &

AT RIIHIFI I HREAEE (HRE) S siEd:
E ISR B E = B4 ~ AV o 2 BRI (levan)
FERFFEATRE (PHA) - BERLER S5 B subtilis natto
TE SR THIRS BT R 7 Levan I BB S RIF R RIRIIE
JR ~ B 175 rpm ~ W46 pH 6.5 ~ SR 37°C B 48 /NI
PR RS 7 v 7 18.0 g/L (26% - DAREREISAEST ) - 13
B R AGE AR R a 1& P AI b B SRR - T R
EREEENEHEE > 421 C. necator EFRELE 200 rpm ~ ¥)
& pH 7~30°C 153& 48 /NI S5 REUR SRR A E & 12.02
g/L » PHA 4[5 1.60 g/L » PHA &8 13.30 Wt% « 454
A IR B P A M A T T R AR DABH 88 e s o0 1
ORI AT A PR R (R0 o] 2 s A (i > i
P 2 AVIEm T EEYI & - bt - B RIRRSE
SRl FE I BRIt BA S pe mnbr 8 2 B T -

SR
1 JEdshE (R95) - eI EEEYIE YT REEM - b
2 > 64(1) » 105-118 -
2. kR (R102) - fesktpRIEEE e - MR
ek > 323570
3. EEI# (R96) > EEAEERERSY MR K3
REAY)FEFERRER S H R -
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