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Effect of Ratios of Carbon Source to Nitrogen Source on
the Yields of PHB Fermentation Variables

Yei-Young Baek and Byung-Ki Hur
Department of Biological Engineering, Inha University, Incheon 402-751, Korea

ABSTRACT

The effects of ratios of initial concentration of carbon source to the initial concentration of nitrogen
source in the fermentation media on both the yields of PHB fermentation variables and the accumula-
tion of poly-8-hydroxybutyric acid( PHB) were investigated. The fermentation media were composed
of the combination of varing glucose concentrations, 10, 20, 25, 30, 40, 50g/¢ and the NH,Cl concen-
trations, 0.33, 0.4, 0.5, 1.5, 3, 5g/¢. The yield of biomass on glucose, Yys, decreased very slowly ac-
cording to the increase of the ratio of C to N. And the vield became constant at 0.35(g biomass/g glu-
cose) with the ratio higher than 70. The vield of residual biomass, Yrx/s, also decreased with the ratio
of C to N and finally showed a constant value of 0.065(g residual biomass/g glucose) when the ratio
was higher than 65. In accordance with the augmentation of the ratio, the yield of PHB, Yeugs, howev-
er, increased and showed the maximum value of 0.35 (g PHB/g glucose) between 40 and 60 of the
ratio. The maximum vield of PHB to the change of biomass, Yrusx, was 0.87(g PHB/g biomass), and
the vield, Yeus/rx, was 4.2(g PHB/g residual biomass). The maximum accumulation percent of PHB to
the final biomass was 81% when the ratio was higher than 67.
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wol oluzl A7k 1000E 7R PHBV(AEH
Biopol)& A§4h, Al Fel QlcH(1). Massachu-
settes W&o QAFHL FgYA AFe Rhodosp-
rillum rubrum®} Pseudomonas oleovoransE EZF3F
2 3R A2 vAEENH Ax FA% 40%
7t4 PHBE £A% 4 AATH2). d£] Suzuki
%< microcomputers ©]-83 74wkl 9
slod Pseudomonas sp. K @55 17517k wiokate
24 gA Azl gk PHB $2E°] 66% °|w
okl 2] =y} 136g/0 ? PHBE AJAks}holct
(3).
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eutrophus, ®rYoZE Irn}r ALYog:
(NH,).SO & AHg3tx, sh4a99) A9 vlE
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Table 1. Effect of C/N ratios on cell growth and biosynthesis.
- 271556/ 0) HE2%%@/0) cell mass PHB PHB
glucose NHCI glucose NHCI &/0) ®/0) content
2 10 5.0 09 413 491 2.23 045
3.3% 10 3.0 2.0 2.24 485 1.96 0.4
4 20 5.0 8.88 3.01 5.78 277 048
6 30 5.0 12,5 3.1 9.2 443 0.48
6.67 10 1.5 0.3 0.41 5.41 2.77 0.51
667 20 30 5.52 1.02 7.41 408 0.55
10 30 30 13 14 8.84 485 0.55
10 50 50 319 3.5 96 49 051
133 20 1.5 5.45 0.32 7.41 3.63 0.49
20 10 05 0.9 0 5.14 3.27 0.64
20 30 1.5 45 0 11.16 7.17 0.64
33.3 50 L5 25 03 159 108 0.68
40 20 0.5 7.06 0 8.98 6.13 0.70
50 25 05 098 0 912 6.78 0.74
60 30 0.5 99 0 9.64 737 0.76
75 30 04 491 0 1001 7.96 080
91 30 033 49 0 9.38 7.59 081
A& J3S Fste] Bt} 06
Fig. 1& C/N9} #slz} A(1)2 A= AT
&, Yool u]AE A3 dehlz glct. o] Azl .
oJabd C/N2| ko] 0 2ol de FASEo] 05 Pl e,
2 Uil C/Nel Z7bhR AR 413 7 peee TN,
A3t 0352 TS o 5 ok = o4l Y
% )
AX 2 . \.’°\o~
YX/S:TS (g/8) (1) ; wl
9 Aol 4 E
AX=7H9 HF5e-dA 2715% &
AS=21299] 2755 -2ige HEEE o
Fig 2= A(2)2 R9se AAFATE Vst
C/N Atol9] #43AE e glck. C/Ngte] 0 oa b
o] AT Yexsihe 028 T gh& viehid,
C/Ngto] 2748 Yaxshe it zed C/
N%l-ol 65 O]*OLOH A‘]—E YRX/S&O] %lzé“} %l. 0065% 02 1!2 212 312 412 5’2 6‘2 712 812 ‘)IZ
vieldgict. o

ARX

YRX/S - TS

(g/8) (2)

3714
RX=7##%=—PHB ¥%

Fig 1. The effect of various initial molar C/N ra-
tios on the yield of biomass(Y xs).
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residual biomass yield, Yrvs(s/g)
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Fig 2. The effect of various initial molar C/N ra-
tios on the yield of residual biomass(Yrxs).
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Fig 3. The effect of various initial molar C/N ra-
tios on the yield of PHB(Y ns).

0.2

9.

Yuustrs(8/8)
o
-
e

C/N

Fig 4. The effect of various initial molar C/N ra-
tios on the ratios of the consumption of ni-
trogen source to the consumption of car-
bon source(YNHﬁ /s).
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Nu] 60 ool AT g 0838 A3 o
+ Slgdch. PHBE A9ig b Ao Folekol of
g PHB %712 ¥l Yeuswx®t C/Nu] Afo]o] g}
F37% Fig. 6014 ZolE 5 Qi) C/Nul7} 3
7FH Yeusnx Rt 58te] Aol A <hojuista
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Youpx(g/8)
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Fig 5. The effect of various initial molar C/N ra-
tios on the ratios of the increase of PHB to
that of biomass(Y msx).
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Fig 6. The effect of various initial molar C/N ra-
tios on the ratios of the increase of PHB to
that of residual biomass(Y pumrx).
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Fig 7. The effect of various initial molar C/N ra-
tios on the ratios of PHB accumulated in
the cell.
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Fig 8 The effect of various initial molar C/N ra-

tios on the ratios of PHB accumulated in
the cell to the residual biomass.

Korean J. Biotechnol. Bioeng.

+ PHBY @0 C/NY #+2 37 ZAFo)
t}, o] Zxto] osta C/Nul7} Z718lAl =Hd A=
Az i3t PHBS A= F71sht C/Nwj
67 ool M of | FsHA AT 3 081
ehiiglth B 974 55 facultative fermen-
tation Aol oJste] wjokst A C/Nu]e] ZA-e]
of3te] £AE 4 9l | PHBw AxdAH
81% A& & 4 st

Fig. 82 %o Aol Wigk PHB 5429 v}
C/Nu] Atol9] gregA|olct. &} of yz|8le
2 A== PHBE A% ¢ 4A% 3 A=
+ PHB 33} C/Nujol ujgbr 42 o g 54
g el o] 2xgke C/Nul7l S713kd A48
of Ze] A 4uf7bA] #A Well A4 5 9l
the A7 234E Aok
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rxye 27)%% 10, 20, 25, 30, 40, 50g/¢ <+
NH.ClY =7)s% 0.33,04,05,15,3, 5g/¢ 8 =
o2 YA dawfxE AMgste] BRI} AL
o] =7] 2Aw] C/No| 7+ g wWige] 78 ¥
PHB ZAz}e] n|A= & Frdste] Bkl

e ge) Lulgkel digh #A 98 YysE C/Ny
7} Z7V5kel wel dis] hakstAl Fastden C/
Nu] 70 ojAtoll A= UAEF 7k 0.35( g cell biomass/
g glucose )& et #HFA 78 Yexs 94
C/Nu|7} F71shd 7kashs] C/Nu| 65 o]4tel A=
A5k 7k 0.065(g residual biomass/g glucose)S
vehfsdch 22fv PHBE 58 Yensse= C/NH|
Z7}ol) upz} Asle] C/Nu] 40 WA 60 Alo]dllA
# & 0.35(g PHB/g glucose )& vrepfi et

TAZ7 ) gt PHBO 4574 Yo C/
Nu|9] Z7}el uje} F7}sl} C/Nul 70 o)itol A=
A& gk 0.83(g PHB/g cell mass)$ 48t}
w3k AteF A2l digk PHBS] Y4485 C/Ny|
o] Z7tel wpe} Frkskglew vhadde] tio]d A%
A e Aol Mo AxgAe] g PHB =
g C/Nulel oz} A5ated 2digh 81%0 =
g3tgdet. o] Aol HF C/Nghd 67 Tubolgle
1 o] o}i}e] C/Nulol thgt PHBS| 5452 81%
2 dA3gio)



Vol9, No.4

A

B o 199495 Qlethsta ATe] xS

S5l s, ol taked s ol
Y.

1.

2.

3.

Fn5Fd

P. P. King(1992), J. Chem. Tech. Biotechnol.,
32,2,

423811988 ), News Letters, 25235, &=
AT a.

T. Suzuki, T. Yamane and S. Shimizu(1986),
Appl. Microbiol. Bioeng., 24, 322.

. In Young Lee, Soo Wan Nam, Eun Soo Choi,

Ho Nam Chang and Young Hoon Park

10.

11

371

(1993), J. Fermen. Bioeng., 76(5), 416.

. Beom Soo Kim, Seung Chul Lee, Sang Yup

Lee and Ho Ham Chang(1994), Biotech.
Bioeng., 43, 892.

. 0]8% $e1A(1990), Kor. J. Appl. Microbiol.

Biotech., 18(6), 607.

. Tsuneo Yamane(1993), Biotech. Bioeng., 41,

165.

o438, $1]d(1990), AEST, 4(1), 39.
. Robert S. Siegel and David F. Oliis(1984),

Biotech. Bioeng., 26, 764.

F. Srienc, B. Arnold and J. E. Bailey(1984),
Biolech. Bioeng., 26, 982.

A. C. Emeruwa and R. Z. Hawirko(1973), J.
Bacteriol., 116, 989.



