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ATHFETAPRBEGRIE T BRET AR # & B A1 55 0RO P S0 R [E) M 2 2 ¥ Rallstonia
eutropha T 2 '8 & ~ PHB ( poly-hydroxybutyrate ) -~ PHBV ( poly- ( hydroxybutyrate-
co-hydroxy-valerate ) ) 4 &k B8 i PHBV RS &8 2508 - DL 3 L Z S5 3 e e -
SRR TR IR - (PR E R B &I (exponential phase ) » #EHGR i A 55 %
B - DARiE iR 2 i - R EMEEE - WiS/EEE - PHB A2 &10E - PHB REREH &
AT I S o BEAS A B DIARTREER Y 0.101 h i 7.31 /L > PHB 441
M1 PHB FAERY & B DRy 0.151 h B2 43 il iy 1.97 g/L i1 27.9% - Fj & P08
FEHCRDIRRIRER By 0.151 h™ 3857 3.04 g/Lh » o ILARREUR T - BEREER L 1L b LA
A ERREACEL PHB - MRFREAE T - SRDRE T - iR AL )K/D - PHB A& & K PHB
PRERE T & B o DIEE R RRIF RO F s R 2 558 - REMERRSR gt
& -~ PHBV A& & « PHBV AE#E T &% ~ HV (hydroxyvalerate) A PHBV th& &5 i
IR VIS, - FRfei Ry 0.0531 h I » PS4 E EERE 6.70 giL - FRfREeR )y
0.0851 h'i% » PHBV £ &1 & - PHBV REEER&E - HV A PHBV th& 855 405 1.90
g/L~29.4% - 10.5% - 158 7E 3% D A PR By 0.165 hl B £ = 0.804 g/L h - HB( hydroxybutyrate )
51 PHBV R DIFFIEER B 0.0851 hh &5 » 43751 0.145 1 0.162 g/Lh - HB ~ HV I PHBV
FOFER SR DRIy 0.0851 h B R - FTM IRy 0.0851 ™ BERERTE
110.7 mL/h B > $2HE R SR LA AR HB R HV « Fif Bk 0.0531 h™ % ~ fpkbf A1y 69.0
mL/h I - BERRATRES - AR AL 2 IR LA HB 1 HV » I HB ~ HV ~ PHBV Y35
B EE T -
AR : PHBV - Ralstonia eutropha » [Rg(FR(T - (540 - PUREEY > PRFREER

Effect of the Addition of Glucose and Sodium Propionate as

the Second Carbon Source on Continuous Production of
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ABSTRACT

This study investigated the effects of glucose and sodium propionate supplementation (as the
second carbon source ) on the bacterial biomass, polyhydroxybutyrate ( PHB ) and poly-
( hydroxybutyrate-co-hydroxyvalerate ) (PHBV )synthesis, and PHBV content in Ralstonia eutropha
under phosphorus-limited conditions. Fermentation was performed in a 3-L fermenter. Batch
fermentation was conducted in the initial phase, followed by continuous fermentation in the
exponential phase. In the culture containing glucose as the carbon source, the biomass of bacteria, the
amount of PHB biosynthesis, and the content of PHB in cells initially increased and then decreased
when the dilution rate was decreased. The highest biomass of 7.31 g/L was obtained at a dilution rate
0f 0.101 h™%. The highest amount of PHB biosynthesis and the highest content of PHBV in cells were
1.97 g/L and 27.9%, respectively, which were obtained at a dilution rate of 0.151 h™*. The highest
average glucose consumption rate of 3.04 g/L-h obtained at a dilution rate of 0.151 h™* provided
adequate carbon content for microbial growth and PHB synthesis. A decrease in the dilution rate
resulted in the reduction of the flow rate of feed, supply of the carbon source, amount of PHB
biosynthesis, and content of PHB in bacteria. When glucose was used as the carbon source, sodium
propionate was added as the second carbon source, and the dilution rate was reduced, the biomass,
PHBYV synthesis, PHBV content in cells, and hydroxyvalerate (HV ) content in PHBV increased and
then decreased. When the dilution rate was 0.0531 h™!, the average biomass was 6.70 g/L. At a
dilution rate of 0.0851 h%, the PHBV synthesis, PHBV content in cells, and HV content in PHBV
were the highest (1.90 g/L, 29.4%, and 10.5%, respectively ) . The cell yield coefficient was 0.804
g/L-h at a dilution rate of 0.165 h™™. The yield coefficients of HB  ( hydroxybutyrate) and PHBV
were the highest (0.145 and 0.162 g/L -h, respectively ) at a dilution rate of 0.0851 h™*. The contents
of HB, HV, and PHBYV in the residual biomass were the highest when the dilution rate was 0.0851 h,
indicating that a dilution rate of 0.0851 h™L, a feed flow rate of 110.7 mL/h, and an adequate carbon
source were provided to synthesize HB and HV. The low feed flow rate of 69.0 mL/h at a dilution

rate of 0.0531 h™* could not provide an adequate carbon content for the synthesis of HB and HV.
Key Words: PHBV, Ralstonia eutropha, phosphorus-limited condition, continuous fermentation,

sodium propionate, dilution rate
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=

TARE Ry B AR I TSR EE AL [ A R i I SRR
HEAHmN R - BRBEEY TS AR - iR BB A%
1A B BRI B IR T S DL o i ~ B3I B R IR IR
IEAPRAI(E FEGRANEUL - DA RIS IR AE AR A% [1,
2, 3] - GIE)Y 2018 FEFHIRETTIREBOR - ZE IRt B
B WEEER - RS - WA - BT - 3C BE
%~ BESCEE A LT R T EREE > RK
N REFR (L R BV BB LS - I oy M BB B S T TR E K
REBEEE TR RBRR AL 2 ERERE [17] -

Y& BAEY) o R R DU B B R R AR
fn By B 0 ATHRBGAR B - e & A E F S M A sk A4
JE SRR - B S A ) R A bR A B R L e R R R A
RN flan s FR -~ BRRE R ARV - A AR
FEW) 5] RFERIRERE KR RHIEEEY) - BERTHELE
VIRIAHREA - Horr > DGR A A & Rk Ay ml o i SE I AR
FlElgkE (polyhydroxyalkanoates, PHAs) » 41E ¥R T Hig
PHB ) 81 ¥ & T W ( HB,
hydroxybutyrate ) 1% (HV, hydroxyvalerate ) {3224
(poly- (hydroxylbutyrate-co-hydroxyvalerate ) , PHBV ) #x
ZFERE > PHBV BA RAFHYATEEME (flexibility) Kzhi T4
( processing capabilities ) [9, 18, 22] » H H.=]4¥ 10 {E H N #:
SIRRERLT] o PSSR o ELMEE B E A A S RRAR DL - Al
2 ZJ% (polyethylene, PE) ~ 225 )% (polypropylene, PP) ;
HRERR - w148 AR AP o iRk — &t
i TR BSOS - B0 PHBV 1 HVY (g
St I HF% ) (impact resistance ) ~ #714: (toughness )
FOT 2 (flexibility ) - FIIRARIIPIEE (propionic acid ) [10,
11] ~ AlE (propanol) [13] ~ FAl&#" (sodium propionate )
[4] - KB (valeric acid ) [19]~ [k [16] - Z kN2 (levulinic
acid ) [13]f1BEEE (heptanoic acid) [15, 20] =] DL PHBV
i HV (Y& A PHBY (EHE [6,8] -

AIRFE LA AE R & Y T2 AR G AR R] 3 g EERE
PHB = PHBV - {#i Y&k Ralstonia eutropha (ATCC
17699 ; BCRC 13036 ) » FRafAERU{FRIT T - Bt TR0
AIAINPIEES > HErT AR R PRETA [FHBSR S
BREfR ~ ZEGHL PHB B PHBV A4 -

(' poly-hydroxybutyrate,

=~ MORERTTA

Ralstonia eutropha ( ATCC 17699 ; BCRC 13036 ) - fi#
H A N Bt TSRER AT FEAT > R. eutropha 21 Ryze
WS - SRR MR E - JPRREIRIR - HER
T > A IRBDEET -
(—) BRE

DIEEE R E AL (%A 20.0 g/L, NazHPO4 3.55 glL,
KH2POs 3.550/L, (NH,) ,S0,2.5g/L, MgS04-7H20 0.2 glL,
FeS04-7H20 0.025g/L, CaClz 0.02 g/L, Trace metal solution

5.0 mL/L) #EfTHECHE © B SEE R (Trace metal
solution ) 4H /% ( Na2EDTA 6.0 g/L, FeCls-6H20 0.29 g/L,
HsBOs 6.84 g/L, MnCl,-4H20 0.86 g/L, ZnCl2 0.06 g/L,
CoClz2-6H20 0.026 g/L, CuSO,-5H20 0.002 g/L, g/L,) ; [R##k
Bz R 4H B ( Na2HPO4 0.1 g/L, KH2P04 0.2 g/L, (NH,4),SO,
10.0 g/L, MgS04-7H20 0.2 g/L, FeSO4-7H20 0.025g/L, CaClz
0.02 g/L, Trace metal solution 5.0 mL/L) [3] - #EXIFE
B R PR B B LA A A R B W S R i -
(Z) BEEABREE

DL 3L &M (Mituwa KMI-3B, HZA) #E1TEER LS
B EROEMIEE  ERERREREHEER
§5] (exponential phase) - it By S 48 o IR PR (1% -
AR TR Z AR R 2 L SEERIA
PR ASTANY 2.5% ~ HUEET RIS RO IRAERT 2 L REAAHERE
HEHURy 250 rpm 0 DL 2N 1Y NaOH F1 2N 1 H,SO, 7B iR 2
HIFHER pH (B 7.0 > SRR P A R o SR AR DAY
BEREANEAEMENENISAEN 20% - FiRiEiE
SLEk pH BR(L - EEUMFE - BUREDERE o MR
G A bR (R A REEL YRS ) ~ Wl - PHB/PHBV
YRR
(=) ot

HUBEER > sy ITE R A E & ~ R (A& 1 BN
$9) ~ BiJE - HB ~ HV B PHBV (Y - BES RS 8 DU
HEE SUE SN Y 30 mL BRI 4,000 rpm THEELs 20 min
DAZEERACOE 2 20 RE el 0% 2 RS 2207 80°C JHAERZ
R 48 /NEF - RAIRTEE - BRI RIVER MERAE
£ FRRAEENUK PHB 5 PHBY 28 K FERAEHE
(residual biomass ) - %% BB B& 84 DL HPLC 4347 > {H)
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22 B RI (refractive index) » 43 #7154 & Bio-Rad Aminex
HPX-87H - 5 I XE 75 722 A1) A $H % # Bl B Bl 45 5 TP
R sHES #¢ (ammonium phospho- molybdate ) » DL5 %%
JE&T (ODgoo) MHWEE [2] - Bt HY PHB ¢ PHBV
I PO B A L R T W) 2 SR A Tl - PR HB 25X
HV Z 588G > DI BT B (L EOE - BL GC #EfT 04T »
FID Ry {erfl 25 » 53 H71&HE & Supelcowax™ 10 (30 m, 0.53
mm ID, Supelco, USA) [1] - Hriithe RHEZ IR EH#E 0.1 »
f10.3 mL B ~ 1.7 mL HEE ~ 2.0 mL &{5 - B IREE
fro REEVEER 98 C EIR/COBIE 150 min > fIIA 0.1 mL
9 3% (viv) PN (3 mL methyl benzoate L) methanol E& %
100 mL) - FEf0 2.0 mL /K{EH & - IR EE A% - [MAFE
HU 1.0 uL S (7@ L GC 73t - H&H R 208 PHB 1 PHBV
R GL Z S3 AT -

AEFFTHPRBEREE T » BRI A E R 55 iR
PEESNA R [E i< R eutropha EESA2EH & - PHB -
PHBV 4 & & K PHBV NERGH &8 28 I3 L 28
e TSI - IR S T (AR
FHBUERY (exponential phase) - #iffi fy i S
& o DI & S ELnENE — S PR SRR - TR AR #
ENE R RLAATRIR - MR EIANE - DABRE R PRAIIRC: - (208
R. eutropha 4= &5 PHB B PHBV - % if > e 4isis b 250
rpm > FEIAZE SRR AR 1 wm » JRFEREHIAE 30 C 0 AR EE
2 HP PR R B2 RO DI B A R BT AEA]
TBE R 20%LL o IR pH (BRI EEHER] 0 BL2 N
FEACHEIREL 2 N BB AR B R AL pH 7.0« A
TRERFUE - SIS E R - R (A& - EEsh)
BEFFSR & ~ PHB fl PHBV A£GHE -

(—) PREHRME T &R BT 8

TRBRBE RN DR A HE RsbicRES & R. eutropha > B1 1]
WDt S e TS R AR ENEERL &
R SRR R SRR R R PR R & 20.0 g/Le
1RG4 R PHB £ &

A A R SRR AR 7 1 s 19.74 g/L B
0.092 g/L - [ 1 (a) BURESEYIH > BF EZ AR ERIAE
£ HEE 18 hilf » HIFEEBERCEEAEE LR -
HiE > 485 (biomass) BLFEFEE (residual biomass) 7
BAK  BRPREHEERZEEREER AR (203
giL) - EA/VEPHB#ESR (011 g/L) - H5EZE 18 h
I > B R A A N LR RS 73 71 Fs 4.33 Bi10.017 g/L -
BEFUMFERR By 417 x 10° g/Lh > BEFCHAEMR R 0.87
g/Lh - [ERGBRAGEHR fy B R o TR -

M B R By 0232 h' » 403 26 h s (FlseE
> 18~44 h M) - [ 1 (b) BUR - WIS A1 24 h»
BERAEREDE - B/ RN PHB &1 HEIEK R
BEObEE - KE T EIEEERIN ERE A & - SR 2 24 h - 1
B HRR RO FETEE o R RRAGIE A IRBEIR Ry 5S
% PHB &R0 - PR s - B R R
3.50 g/L » PHB [k 0.46 g/l > PHB {5445 s &
13.1% - FHIEE t= 44 h I > FRERE & IEEIELY 1656 g/L
ERAR (18~44 h) AEIEETMFEES S 0.97 g/Lh - A1
LR °

IR 44 h > JHRLFRTEMZ R 0192 b » 4538 30 h 174

(RIEFES 44~74 h HARE) - [@ 1 (a) BUR @ WA &Y
I e AR AR - RS TR Ry 5.41 g/L - PHB PR
[ By 1.23 g/L » PHB {G4EEBE R 22.7% - SR EE 740 »
VEER A AIERIELY 7.34 9/l > [EHART (44~74 h) #AEHETS
HREERAR Ry 1.84 g/Lh > 41FR LFR

R38R 28 74 h > JHEGHIEIEZ R 0.151 h o K38 42 h k3%

(RIEFE 74~116 h i) - [ 1 (b) BUR > B5&ZE 96h

*® 1. FEMERRE L [RBHREE R RS R. eutropha

Dilution rate (h*)

0.232 0.192 0.151 0.101 0.0518
Flow rate (mL/h) 302.0 250.0 196.8 131.7 67.4
Residual biomass (g/L) 3.04 4,18 5.08 5.66 5.63
PHB/Residual biomass (% ) 15.13 29.43 38.78 29.15 14.56
Consumption rate of glucose (g/Lh) 0.97 1.84 3.04 1.98 1.15
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B R R B RETASE  BRRR S SR = B - 8] 1(a)
BT > BERSAE RN - LRSI S IR K 7.05
g/L > PHB SR B 1.97 g/l » PHB (L4415 A% &1 27.9% -
i (74~116 h) - BRRATEE IR ERERE F 3.04
g/Lh > 4132 L AR » PHB SEHEE R PHB (HAEE RS & /R
ILFR R AR R B i

B 116 h % - FHEFRmEEeR 5 0.101 ht « 4% 56 h
B (BIEFE 116~172 h #R) - & 1 (a) Hr > Hfsdk
RGATRIE o PNIEARR R ER B BRIF MM FETa S - 1R
IEEFE IR - BRI R S/ 7.31 g/L » PHB SR
& Fs 1.65 g/L - PHB (G4 AGEHY 22.6% - [E 1 (b) &R -
IR M FE AT BRSEEA 2R (0 PHB AR AaTRG -
BRI PHB & &H NIE#Z: - R ILiRe AR g i

(116~172h) > &ERE I EFERRIN %5 1.98 g/Lh -
PR T 172 h B > SEEGRTEECR A 0.0518 h't o 483 72 h

Brg (HIRRES 172-244 0 JARE) - @ 1 (a) BUR @ ERed:
R R T - PR B IR - RGP R 6.45 g/L > PHB
PR R 0.82 g/L - PHB (GXEEAG EAY 12.7% » BHSAEE
B PHB L& EA R VIS - BRSANY PHB & 84
TR - PR AR R SRR (172~244 h) - WEGAER
1 PHB AEGRCEIRD - FEE T SRR E 5 1.15
g/Lh -
(Z) AEMERER RS R LR

T2 PR R 140 T E v i P R 2 (BRI 1 i G =%
B RS MR A E & - PHB A GpE
Fo PHB R G T &8 2 s B AE 2 R R R
ERe4 B & - PHB A&7 E K PHB R ERE & 8 B A e
Itk TS - EEs A B DMEEER R 0101 h EEE
7.31 g/L (AR5 0.151 h™» (&A% B & 7.05g/L) » PHB
G R EDIEER By 0.151 h 3 1.97 g/L > PHB jAE
B ch e B LURIRIUR By 0151 ™ BEERY ) 27.9% - % 1 8
TR B R R R DR IR 1 0.151 h B 3.04
g/lLh > 2B ShRIE DAL SR AGEL PHB o FRfR R T

W BRRUAUER N BRRSEAEEIRCD  PHB A5 RE K PHB
R e B -

A EIMFRRRR 7 RS EREL PHB R 2 FhEylE 3 At
T o FREFRRRERR - G REL PHB ERAWIIRES - D
PRREHR Ry 0.151 W B - BIRYEEREL PHB BEREERLS » 43

(a)
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00518 &1

10 1
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[
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T
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o o
o o
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o

o

N
L

0.00

Time (h)
B 1. [ResERE=2EEE R eutropha » (a) EigE

BE~PHB KIFE RS e :biomass; A :PHB :residual
biomass; (b) EE4FE > m: glucose ; ¥ : phosphorus

[
=

OBiomass
mPHB
2 PHB/Biomass

(=1
[y

=)
=

[y

=

o

Biomass, PHB (g/L), PHB/biomass(%)

-

]

e

FI

FV

=

0.0518

0.2320

0.1920 0.1510

Dilution rate (i)

B 2. [REHRIF SRR R. eutropha > FEIFREEER
ZHRREEE - PHB A& E K PHB EHEEREE

=,

EEE

0.1010
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1.0 Obiomass
mPHB

= 08
= J—
=
B
= 0.6
=
=
2 04

0.2 I

oo | i

0.2320 0.1920 0.1510 0.1010 0.0518

Dilution rate (h7)

[ 3. FREHPRI-EESBEEE R. eutropha » R EIFRREER
ZHRERA PHB ER

71l Ky 1.064 1 0.298 g/L h- P[RR HES - B AS AE 6L PHB
FER N > MRfEIRE 0.101 b > BSAERA PHB (AR
A3 RIBR/D 0.326 g/l h B 0.131 g/L h o FERE#= 5 0.0518 h?t -
B G E R A AR V4 0.549 g/Lh > PHB SR T4
> PHB ZEZJE/D4) 0.07 g/Lh - FEEGEERE AR - FifR R
)k 0151 Wi - iSRS AE SR PHB FEX -

16K [E M R R T IR B e i A S B i |/ R
eutropha 7 G RERR ~ JFEES & - PHB Y S s & 84
BN PHEREERTINE 1 - (MR AR AR ERlR
> R AR UL S RS - TP B R S T 1R R
V> DIFEREERER By 0.101 h™ B > JHE4 A B85 5.66 gL -
{H PHB 5 EE f & & - DIFREERE 0.151 h BHERE
38.78% Fe A R Fy 0.151 h™ LT £ 196.8 mL/h
B > $REEE SR LA AR PHB « FRREE%R Ry 0.101 h A% -
BRI By 131.7 mL/h I > BRIGEIREARRENS » S A R A2 4
iRJELAET R PHB » [Alfii PHB HA/S B S Hh & B 29.15% -
) & W O 208 R R A WG FE Ry 0151 hT B Ry
3.04g/Lh » EFEREIEZ Ay 0101 hh % 1.98g/Lh s - DI&]
EJWE R iR 2 A SR SRR G R R R
IRIIFE PHB A4 &0 > FFSR 0.101 T ]S
HIBE S AR E S B G PHB » R4S ELREE R. eutropha[12,
21]#1 Pseudomonas oleovorans fH{EI[14] »

(Z) REHEE RTINS SBEER

TAPRBERIE T EFE R. eutropha - FIHTEITHE R SEEEES

B DIEEREROR > SESEREHEE R HEk

AT - BRI R R AT ENE (15.319/L)
FIPEESH (5.09/L) -
1. RS RULPHBY 4

HEROTHIL X S B R 2 A M BB AR R 2
F519.94 g/L 810.096 g/L - [ 4 (a) BUREFEWIH] - Bk E
THNERNA R BiE 2 A E SRR ERE ST RN
SLHAR RS E BN RS AR R B - BPRE 19 h B #
T MEBLRERIE 77 1 R 4.43 g/L 81 0.005 g/L > A HERTIE#E
Ry 0.82 g/Lh > BEFUMFERR Ry 4.79 X 10° g/Lh > (5
B R R 423 gl - IEIFBRAAEET TR - B Ry SR
& -

Wik By 0.165 h> 4% 34 h 153 (3 HART 19~53
h) - HERFERGE AR A &I - [ 4 (a) BUR - BRERVAT
29 h > BERAHFEDUE - A/ &Y HB 2 > [LRERE 1Y
IR RS - [8 4 (b) BEUR > B3 E 29 h» Bk
HENBEIERORRETATE - B ATRBERRFATREE - PHBV
ETRCEERIST o KBRS 47 h AR KRRV E R4 B & 5.00 g/L 5
15 53 h HE AR HB ~ HV J PHBV E&1EGE - 77515
0.33+ 0.09 & 0.42 gL - BiBSFH4 /8 & 5 4.87 g/L > HB -
HV K PHBV S5 RE4 53 7l 5 0.27+0.07 % 0.34 g/L> PHBV
YA RS Y 7.0% » HV 72 PHBV &8 5 20.6% - 5545
Z 53 h W o FRARET ALY 11.08 g/L - FRERIRLRIELY
2.38 g/L - [LHAR (19~53 h) F&jIEFHEFE#AET 1.03
g/lLh - NEETHEFEER Ty 0.54 g/Lh » W15 2 FfR -

BB 53 h o SRR Ay 0.121 h» 4K 50 h 35

(Bls&HA 53~103 h HARE)) - BERS4- Rl - [ 4 (b) B

N BEPEE 100 h o SRR P EAEEOSRE RS - ISR
BB RIS By 0.033 o/l FEHAREIE#S - HB~HV Jz PHBV
4B R AR BT 100 h A HAH HB B1 PHBV 2%
SyRilEs 111 81 1.30 g/L - 5285 % 103 h > AEEERE & 0.022
/L 158 103 h HRcRRVE#S A E &L HV L85 7751k
6.37 B10.21 g/L ; JRULFRRRIEAR T 2 B9 - BAG FHRE By
6.35g/L » HB ~ HV J% PHBV 38535 5 1.10 ~ 0.20 K
1.30 g/L » PHBV {54484 &1 20.5% - HV 7* PHBV )&

g/iLh > B PHEREER T 0.71 g/Lh -

FHE % 103 h o FERCHRREER 1 0.0851 ht - 4Liff 48 h
e (HIEES 103~151 h AR - BEfR A RARE - 18 4 (b)
BUR > SRAT AR AR AR - FPEE 116 h
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FRERERE T IR RN EE 55 IR P RS B 3% BE 42 PHB 11 PHBV 228

& 2. TEMRRER T IRBHRER IR EA S EEEE R. eutropha

Dilution rate (h™)

0.165 0.121 0.0851 0.0531 0.0387
Flow rate (mL/h) 2147 160.2 110.7 69.0 50.1
HB (g/L) 0.27 1.10 1.70 1.34 0.85
HV (g/L) 0.07 0.20 0.20 0.20 0.14
PHBV (g/L) 0.34 1.30 1.90 154 0.99
Residual biomass (g/L) 4,53 5.05 457 5.16 4.06
HB/Residual Biomass (% ) 5.96 21.78 37.20 25.97 20.93
HV/Residual Biomass (% ) 155 3.96 4.37 3.87 3.45
PHBV/Residual Biomass (% ) 7.51 25.74 41.57 29.84 24.38
Consumption rate of glucose (g/Lh) 1.03 1.82 1.29 0.78 0.58
Consumption rate of propionate (g/Lh) 0.54 0.71 0.41 0.28 0.19

(a)
R =
B=paesp? 0aq wlogsst k! oomﬂ" 00387 1!
11 [ | | |
e B R l
NI
= |
287000 1 |
= | | I | |
=2 | | i
E O |
I g4
g 4
it
249
£
£
0 2
0 48 96 144 192 240 288 336 384
Time (h)
(b)
0.12 _ : _ 25
-1 o -1
D=0.165 A 0121 ) 1! 0.0387 i

T T
— (=]
L [=]

T
—_
(=]

Phosphorus (g/1.)
Glucose&pronpionate (g/L)

T
L

00331 h}
|
|
|
|
|
|
|
|
|
|
|
|
|
|

144 192 240

Time (K)

[ 4. [REHARARIIPNERSEE S TR R. eutropha-(a)
HRSEHEE - HB ~ HV ~ PHBV RIS » Hrfe !
biomass; A : HB:; ¥ :HV; A:PHBV; <! residual
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2R [EIRR R A T IR B 3 I 5 7 PR

TATRBEGEE NARIARS e AR R (R
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