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B HLEHNE (Polyhydroxyalkanoates, PHAS) &b ik i & pefrt) 2824
WERE, HAMUAT 5ALG G BRI AR R BT, 3 BAT ALy vl et
PIARANE. SR, BAT 2 R R FErp R T IR i [ R L 2
) (Poly(hydroxybutyrate-co-hydroxyvalerate), PHBV) EA HARAIMEAE, DHif %,
BTG . ASCLAZBEN R N 5o, X BLFR P BT & PHBY IR T 2
BEATHAL,  LAiR e PHBV ()77 & .

AL T ANRVE IR 03 o BLFR P RAT B R SR TR 75 i F2 6 T TR A%
IRIR IR0 . DL BRI N B — TR, AR Kl S KA T E
A 1.38 g/L, N DN A Bl kA s, T DAZE ORAUE AR A KAl |, 33058
BT IR IR IL IR Y € T BRI A S IR G R L T R ANR
WIS R I A TR A A s . FiAE 25 /L, ZBENIR 4 g/L, BRI AR
2.0 g/L, Na,HPO442H,0 3.0 g/L, NH,CI 0.5 g/L, KH,PO,0.5g/L, MgSO,7H;0
0.1 g/L, T ICEW 10 mL/L. flEICRBAK A : ZnSO,7H,0 10 mg/L,
MnCl, 4H,0 3 mg/L, H3BO3; 30 mg/L, CoCl, 6H,0 20 mg/L, CuCl, 6H,0 1 mg/L,
NiCl, 6H,0 2 mg/L, NaMoOQ, 2H,0 3 mg/L. &&EHI4H pH K 7, FeE R &l 5%.
WA, BT HEik# 5.75 g/L, PHBV P~ Hik3] 3.83 g/L.

Fa BIRPIASREIRIEAE 2 L RERRE D BEATTROK, 1E s 2 5 IR 4R A5 1) de K T
PR FAI PHBY 72543 54 6.00 o/l F1 3.47 g/l K K AR 4 2 I E 30% L
L, SR KRR T Hh 7.69 o/L, BUEF B LG IREm T 28.2%, {HitH
AN PHBV i 1 2.86 g/, HUIEELH LR IEFRAR T 17.6%. H LB RRE K
VBT pH 17T 7, RAFI I KA TR PHBY f= #4301k 5 13.41 g/L #
11.08 g/L, LGiEFLHE R TR e T 123.5%F1 219.3%. 44 pH 44T,
KRR AR LR 10 o/, JFAERIETTAR 36 h Ja AN 20 g/L %0, R
(¥ 5 K B AT A PHBV 7= i 43 ik £ 16.43 g/L F1 12.45 g/L, Lo fikks
Fror i 1 173.8%H1 258.8%. # I AUNI pH W] LLERAG 55 % In A 2 Bl AH AT 1)
ROR, B KBA T E A LA S 15.53 g/L, # Kk PHBV =84 12.61 /L, /H#ifk

TH[1 81.2%, PHBV HFEHE IR MR H 4355 /A 54.0%.
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Abstract

Abstract

Polyhydroxyalkanoates (PHAs) are a kind of bio-polyesters synthesized by
micro-organisms within the cells. PHAs not only possess the same properties as
traditional petrochemical plastics but also have other advantages such as being
biodegradable, biocompatible, piezoelectric etc., which make them suitable for many
applications. Among the family of PHAs, poly(hydroxybutyrate-co-hydroxyvalerate)
(PHBV) becomes a research focus due to its additional advantages compared with
polyhydroxybutyrate (PHB). In the present work, levulinic acid (LA) was used as raw
material to synthesize PHBV by Ralstonia eutropha and the fermentation conditions

were optimized to enhance the PHBV accumulation.

The effects of different nutrients on PHBV accumulation by Ralstonia eutropha were
investigated in shaking flasks. The cell growth and accumulation of PHBV were
inhibited when LA was used as sole carbon source, with the highest dry cell weight
(DCW) of 1.38 g/L. The cell growth and PHBYV accumulation were both improved
when glucose was added as a supplementary carbon source. The optimized medium
for PHBV accumulation from LA consisted of 25 g/L glucose, 4 g/L LA, 2.0 g/L
casein peptone, 3.0 g/L Na,HPO4 12H,0, 0.5 g/L NH4CI, 0.5 g/L KH,PQO4, 0.1 g/L
MgSO, 7H,0O and 10 mL/L trace element solution. The trace element solution
consisted of 10 mg/L ZnSO,4 7H,0, 3 mg/L MnCl; 4H,0, 30 mg/L H3BO3, 20 mg/L
CoCl, 6H,0, 1 mg/L CuCl, 6H,0, 2 mg/L NiCl, 6H,0 and 3 mg/L NaMoQO, 2H,0.
The optimal initial pH and inoculum size were 7 and 5%, respectively. The DCW

reached 5.75 g/L and the PHBV production was 3.83 g/L under these conditions.

Furthermore, Ralstonia eutropha was cultivated in the optimized medium using a
bioreactor with a volume of 2 L. The highest DCW and PHBV production obtained by
batch cultivation under stirr-stat control (stirr-stat batch cultivation) were 6.00 g/L and

3.47 g/L, respectively. When the dissolved oxygen (DO) was maintained above 30%
111



Abstract

during the cultivation, the highest DCW was 7.69 g/L, 28.2% higher than that of the
stirr-stat batch cultivation whereas the highest PHBV production was only 2.86 g/L,
17.6% lower than that of the stirr-stat batch cultivation. When the pH was maintained
at 7 by adding LA, the highest DCW and PHBV production were obtained as 13.41
g/L and 11.08 g/L, respectively, which when compared with those of stirr-stat batch
cultivation were enhanced by 123.5% and 219.3%, respectively. When the initial
glucose concentration was reduced to 10 g/L and 20 g/L glucose was supplemented
after 36 h, the highest DCW and PHBV were 16.43 g/L and 12.45 g/L, which were
173.8% and 258.8% higher than those of the stirr-stat batch cultivation, respectively.
Similar results were obtained when the pH value and DO were controlled
simultaneously. Specifically, the highest DCW was 15.53 g/L, and the highest PHBV
production was 12.61 g/L, which was around 81.2% of the DCW, with an HV content
of 54.0%.

Besides, the conditions of two-stage cultivation were investigated. It was found that
the ability to use LA as sole carbon source by Ralstonia eutropha was improved by
two-stage cultivation, though the PHBV production was only 0.63 g/L. With 40 g/L
glucose using as supplementary carbon source, PHBV samples with HV contents
varying from 0 to 41.4%, could be obtained when different concentrations of LA were
added. The PHBV samples were extracted and characterized by nuclear magnetic
resonance (NMR) and TG analysis. The NMR results confirmed that thus-synthesized
PHBV had the same structure as the standard sample. The TG results showed that the
PHBV samples with different HV contents possessed similar thermal decomposition
properties, with initial weight-loss temperature observed as 200 ‘C and the complete

decomposition temperature 275 C.

Key Words: Ralstonia eutropha; Poly(hydroxybutyrate-co-hydroxyvalerate) (PHBV);

Levulinic Acid (LA); Fermentation Conditions
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