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Polyhydroxyalkanoate ( PHA ) Synthesis by Glycerol-based Mixed Culture and

Its Relation with Oxygen Uptake Rate ( OUR)

LIU Dong', ZHANG Xiao-ting', ZHANG Dai-jun'”* | ZENG Shan-wen', LU Pei-li'"

(1. Department of Environmental Science, Chongqing University, Chongqging 400044, China; 2. State Key Laboratory of Coal Mine
Disaster Dynamics and Control, Chongqing University, Chongqing 400044, China)

Abstract: Polyhydroxyalkanoate (PHA) is one of the most promising biopolymers with the advantages of biodegradable biocompatible

and renewable. A glycerol-fed PHA-producing mixed culture was enriched in a feast-famine regime. The substrate versatility and PHA
production capacity of the mixed culture were studied using acetate , propionate , butyric, glucose and lactate as substrate, respectively.
The results showed a high PHA content with lactate and acetate as the sole substrate, respectively. When acetate and propionate were
used as mixed substrates to produce PHA, the PHA contents increased with the proportion of acetate and the PHA content was the
highest as the ratio acetate/propionate was 3: 1. The results based on the modeling of simultaneously storage and growth and the linear
fitting under three different acetate/propionate ratios showed that there was a linear relation between PHA synthesis and OUR. Thus, it
is feasible to estimate PHA content based on in-situ real-time monitoring data of OUR.

Key words : mixed cultures; mixed substrates; PHA ; real time on-line monitoring; OUR
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1.1 HEESEY =%

SEERH SBR RS0 E G TS Ve T U4k,
NEESA AT 4 L, s 17 A 24 h (7K 12 min, B
K1 380 min, JUHE 36 min, 7K 12 min) , 7K 715 B it
] (HRT) 175 e f5 B4 i} 6] ( SRT) #5475 48 h. )i
FENIRERERITE 30°C, pH 4EH57E 7.0 0. 1.

FEAD R TS VS B EE BRI F5 K AL S
FACR N T A WK, AR bl DLt gk
F IR — B S R AR IR, R o AL A . H
14.19 g-L™', NH,Cl 3.61 g-L~', KH,PO, 3.39
g-L™", MgSO, -7H,0 1.37 g-L™", KCl 0.53 g-L~'
AR ICER 15 mL-L~'. R TR 46 : ZnSO,
“7TH,0 0.33 g-L~",CaCl,-7H,0 0. 083 g-L ™", MnCl,
-4H,0 0.076 g-L~", #FR % 0.017 g-L~', CuSO, -
5H,00.024 g-L™",CoCl,+-6H,0 0.024 g-L~' ,EDTA
0.75 g-L™",FeSO, -7H,0 0. 075 g-L~".
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R BEIG U8 3 W, H I AR A A g <=
o, 240G U AL T TR R R S Tk e 4% 200
mg-L™UHl, WA, ALER . 2R, NER. TR
KA B LB/ TSR (1:1, 3: 1, 1:3) %%< PHA
A UEOL. BN A IR EE AR I 20°C.
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ORI B AR 2] COD Al PHA.

2 ZR5iTie

2.1 HmIREH =Y

ARSI SR FH 0 B A N g A H AR b 3 B AR
“UMIE -V (feast and famine ) " B0 P GLAE Y,
FELZR DO MR FRAE M B AR KB, DO 248 1 TH3&
WM S A AS o, 285 60 d A4k, K2 g b ik
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Fig. 1 COD, NH, -N, PHA profiles during a steady

operational cycle in enrichment reactor
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Fig. 2 COD and PHA profiles during a steady

operational cycle in batch reactor
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Fl A 4 ) P e B3R J R LA SR 4 /.
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Table 1  Comparative analysis of PHA synthesis using different substrates

miH i 2] L MR TR AR

T £ A E]/ min 40 30 50 90 80 40
WU ]/ min 160 170 120 110 120 160
PHA e K= A4/ mg- L~} 54.8 71 106. 6 88.4 64 119. 1
PHA 773 /g-g ! 0.26 0.34 0. 56 0.39 0.30 0. 60

2.3 RIWAIH R/ SRR A A K PHA 1)
RHIE

I Sy 5 T A R TR B 0 R B ) ) B
I, LR A FLERAE R HE B A B PHA B, PHA
(7= e (R LR S5 FLIR & i PHA B 3 7R
PHB {4,117 PHB SN PE & 28 R 22, 78 S0 BR
M EZ B4R K42, PHB 5 PHV 93584 ( HB-
co-HV ) M KM 5 HHLM PERE. A XU 485 TN
PRI A WIVE N FE W5 A W] L FR/ N R ™ PHA &
BCIE L. 1) RN 2 P BOINR [a] He 4 i TR & S T
OUR, COD, PHA ZEfbniE 3 FioR, ZEA IR At
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R T 1 15 e [R) B 7 5 A A | 7R A S 35
JEFE BT 6 P15 e 6T AN L 44 IR — 2
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g ::‘.:L'f; 108 Jeo 4 e/ M 1: 1, 3: 1R 1: 300 (32 2) , VAR 4 %
20 / S 0 B e B SRR R I R, < R (55
02 M w0 | E 0.552,0.526 1 0.451. Kbk, 78 5t 7 2 A9 1% O
0 o o T, AN A i /S R A L PHA I, OUR 5
" 0 170 I60 200 . PHA Z?T{é;%ﬁ?é,%

] o zmmm=31 {20 | T Stk — 25 BiE LR 5 R IAEAE | AR SCR B
£ - 17 P47 T PHA 55 40 R i 2 1 19 06 56 , 4
% 2% |g - SN 4 TR, /TR 111, 3: 1A 1: 30 46
2 1908 Ja & SIS PHA &MECR RUF, R HRT 0.5, KT
o Lo £ EIOSNECER! IR, e RE U R R L
o Jo KEIAE W0 0. 558, 0.520 1 0. 443, 58 R 41)
20 150 10 L 100 (AR LA, HIXFIR 2220 500 1.1% . 1.2% F1 1. 8%
. ©zmmR -1 20T a2 R BRI S R AR LT

£ ol 5 OURS PHA G CR M.
F g E FIRG, 76 PHA A 7 3o 2 v 287 5% S W0 DO
5 0 81 E (DO GERIRHN) R TR B i 5 2 Seraim
{40 420 £ SEOITF T LMRVE N EE R A PHA B DO il OUR
oV o Lo T e RN P T 1
Jimin P, BNHEFS , DO Hesk T, OUR i

B3 ZE/AEA1:1, 3: 1% 1:35
OUR, COD, PHA, PHB, PHV BaAt a1 251k
Fig. 3 OUR, COD, PHA, PHB and PHV profiles for three

different acetate/propionate ratios

HETE DU A, B AESE 52, DO PR | T,
OUR HR# T FE) , M7EL OUR s AT LTS 75 10
FUIMI A5 R (S 0 A 52 B2, PHA {ELIS 31 e K (E I
Z0) . ARSCHIBEFE LS RAED] , R R 15 )5 UPHA

K2 3ITWHZE/AEILG TRRIFES £KITE OUR EHILER

Table 2 Model calibration for OUR under three different acetate/propionate ratios

LR/ TR

5} 8]/ min

I A7 BRI A (OURgy )

BHEFUEA(OURror) OURg;,,/OUR
STO TOT

/mg+(L-min) ! /mg+ (L+min) !

0 0.469 1 0.8459 0. 555

10 0.468 4 0.8454 0.554

1:1 20 0. 4669 0.8438 0.553
30 0.4637 0.8400 0.552

40 0.456 8 0.8312 0. 550

0 0.463 8 0.8773 0.529

10 0.464 2 0.8787 0.528

20 0.464 2 0.8796 0. 527

3:1 30 0.463 6 0.8796 0. 527
40 0.4615 0.8780 0. 526

50 0.4570 0.8723 0.524

60 0.444 6 0.8575 0.518

0 0.416 1 0.9182 0. 453

10 0.416 5 0.9193 0. 453

20 0.4167 0.9203 0.452

1:3 30 0.416 5 0.9208 0. 452
40 0.4155 0.9205 0.451

50 0.4126 0.9177 0. 450

60 0.4017 0.904 8 0. 444
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