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Table 1  Ability of fumaric acid production by Rkizopus
o W B Tt -3 R R O
) . Fumaric acid L-maric acid Residual sugar
Species Carbon wource (g/100m1) (g/i00m1) (%)
Rhizopus sp. R25 WETE glucose 3.90 1.01 0.25
#2  #y starch 3.43 0.97 0.61
Rhizopus sp. R7 Fi&EE glucose 0.78 0,30 0,61
W ¥y starch D.65 0.30 6.33
Rhizapus sp. R1l Bi&E glucose 0.88 0,25 .63
€ ¥y starch 0.78 0.22 1.31
Rhigopus sp. Ri4 FEE glucose 0.48 0.37 0.28
2 B starch 0.38 0.46 0.54
R. migricans 3.38 HEEE glucose 3.00 .85 0.10
¥3 starch 2.35 0.65 0.49
R. arshizus 3.3477 Wty glucose 3.63 1.06 0.24
Bt starch 2.95 0.86 8.5%
R. javanicus 3.273 HEEE glucose 2.%5 1.33 0.06
5 ¥ stzrch 1.90 1.20 0. 36
R. chinznsis 3,817 #E glucose .50 0.75 0.79
B By starch .20 0.3% 2.72
R. delemar 3.230 Mg plucose 0.20 0,50 0.16
i ¥y starch 0.20 0.2% .24
R. cohnii 13,2746 HEH glucose 0.40 0.63 2.40
£ E starch 0.20 0.50 1.9%
€
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Fig. 2 ELffect of methanol oo fumaric

acid preduction
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Fig. 3 Fffect of urca on fumaric

actd production

1. X% Fumaric acid

2. L-% 3% L-malic acid
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Table Z Ability of various bacterium to convert fumaric
acid to L-malic acid
L-% 8%
& Fu L-malic acid
pH
Species % & i I s
Paper Product
chromatogram (g/100m1)
Protens vulgans Pl 7.2 + 2,28
P, vmigaris P2 7.2 & 2.23
E. mirabilis 49005 7.7 + 2.63
Aerobact er aerogenss 45102 7.2 -
Pseudomonas fluorescens 1.55 6.4 -
‘Sesratia marceseans 1,646 7.5 -
Lactobacillus bregis 1,7 3.0 -
Bacillus subtilis 1.108 5.7 —_
Escherichia coli El 6.4 -
E. coli E2 6.7 + 6.85
E. coli E3 7.3 —
E, coli F4 7.0 + 0.85

O30T ER 2 RMMEERE ST ARBERE, 3 KER L-E 2%,

Each strain was grown on a nutrient agar slant at 305 for 2 days and then transferred into

fermentation medium. L-malic acid was measured after 3 days.

ml), FreE AR E FIRE 4 Rk Z (5.06
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Pl HAEESNTEY ARREEYE, THER
WEEDY 4% B, L-SE R R A1k 3.51g/
100ml, EEE{L 3K 87.3% (5),
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e B R 4 B 06 9 B ) R M A B B T
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BERG, REZENMTFEFE K S
(%)2%: W™ 05, Ak |, FHH
0.3, B BE 0.3, MgSO, + 7H,0 0.3, Jiix
BB T, % 16% MR #T
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B T B B R K

2. Fg: AIRMAENBANE, W
HTRHEEEREINXR (B5). 4%
R, T4 R E] 24h UG, VIR HIAER

© PERFREHEMITRAMTESHER http://journals. im. ac

cn



2 #1 HUZRE: CHIRE RS MEEEHFE P BANF 45 -YNEBNIFER 113
o3}
0.2
E
=
=3
Y
0.1
& i I L 2 Fl I L4 i 1 | 1
1] 0.5 1.0 0, 0.5 1.0 o eIs .30 0 0.15  0.30
WL %) ELH (%) HINF (%) BECHE (%)
Glucose Peptone Beat extract Yeast extract

A 4

ARRENEEE. SOK. FRERSRSEE LY

SEBENRBENEELNEW
Fig. 4 Effect of different concentration of glucose, peptone, beat extract and yeast
extract on the optical density of the inoculum liguid (with orthogonal experiment
table L,(3%))
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Fig. 5 Correlation between the
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Table 6 Fffect of sweet potate mash on the production of l-malic
acid by the mixed culture

¥ T = B & Acd
Sweet potato pH (g/100m1)
mash L-3ERag TR
(%) L-malic acid Fumaric acid
10 7.5 3.19 0.20
15 7.0 4.66 0.35
18 7.0 5.47 0.78
EANCE 6A) RERER R AREE | RER
ermentation liquid
Eitk, 7€ 72h NEBEE/LF2MEES, 1 BRELRRLBEIARTRES
R move t s a CaC
B R A I, ESRBAR P 4, by filtration aftes dilution
IR, LSRmnATRE, R o MK
pﬂﬁﬂiﬁﬁTﬁ%o megEE A S (B 68), ] W FE K
Concentrate under reduced pressure
E R SRR, L RE TN, A
%—ﬁ]’ﬁ 5.48g/100m1° % Eri% pH {E_ﬁ‘&ﬁ Concent;;:;n liquid 1
]—E-]a:l_o Cool
L-eREEHEE
Calcinm L-malate crystal
6 2 | +nso,
10 LR

o0

o
BB Residual sugar(%)
g —=apl

)

Rz Acidig/LoomD
'
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o

3448 72 06 120
s nd ] Time{h)

BHe6 LRIEE RS EARKEMUE (A)
SLBAM RS MEAEEAE Pl BAEF
kB L-¥RESE (B)

Fig. 6 Time course of fumaric acid
fermentation by R. arrhfzaes R25 (A)
and that of L-maliec acid fermentation
by mixed culture of R. asrhiznus RZ5
and P. pulgaris P1 (B)
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Fig. 7 Scheme of experimental procedure
for L-malic acid
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Wehfy L-3REE, KGR H.S0, i
EET, IR IR, RS LR
‘B ERMNAEIEOE 7,
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RA 100—102°C, 4L (BiE AN B —BE, R
E 5SS L- R (EE) HER. ®A
TANEIE (L (2 E PE-240 B 5 KR K
i, S BT (B 8). fEdH
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Eig. 10 IR spectrum of L-malic acid
1. L-3E R E (EH) L-maiic acid (U. 5,)
1. B EREYER Purified fermenta-

tive product
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EERR . WMAER RO, )
AW FRAE L HENBRBXAR,
WEEEN R A, REMMEDLRE
fERME R, AMAEYMSE., oA
WERRE, HeEl&XEEMAEDLESRYS
Rl MR B

HE, EER—EIEER AR
AR, RERS RN AR
W= WIRE, REFFREEEE
NEEEHEEE, WIREEEREE i (Pickia
membranaefaciens)”, FWEHIEF E (Pae-
cilomyces variotd) ER I MASTEAT 5 2
ARBR PG EARBREN L- R8s,

BAPS B ¥ % (Enierobacter acrage-
nes) FIEEILGERINER'Y; FEFMInBEE B
FETEALBERATETE R L%
U, BIFEE (Schizophyllum commane)
MBERE (Agaricus campestris) F| R
R EREREE, EASBHTE
BN BB R0 EEE", WREEE
iR & R 3R MR T F iR A RO S S
WA AT, BRI LIS — T 2 4 Sl
MERBABHE .

ERNE R R BOWR, MARLE
iHo Takao Al Hotta™ J2 408 &1ME &
Mt TR BN ERE A B LI SRR
N L-ERBL R, L-EREHVIRE R E
(CEOUBRBREN 50%) FWE B % /& %
84.4% o AILRFMHERAETTEMN, #
B 12%, 7 L-SERERE 5.20—5.48g/100
ml, 58k PR E, HEEH# LA
86.7—91.3%, H 18% MIETHAIEL
12 %098 %88, 7= -5 8 5.47¢/100ml,
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STUDIES ON L-MALIC ACID FERMENTATION BY MIXED
CULTURE OF RHIZOPUS ARRHIZUS R25 AND
PROTEUS VULGARIS P1

vieng Mingzhu
Wu Zhiping

Bai Zhaoxt

Xu Mengqin

Zhang Junxian  Xie Hong

Sun Wenjing

(Skenxi fnstitwte of Biology, Taiyuss)

During the screeing of 41 strains of the
genus Rhizopus, all strains of Rhizopus were
found 10 be capable of producing fumaric
acid from glucose. Among these, the strain
R25 which showed the highest yield of fu-
maric acid accompanied with some L-malic
acid, was identified as Rbizopus arrhizus.
Proteus unlgaris Pl exhibited a high fumarase
activity to convert fumaric acid to L-malic
acid.

When R. arrhizus R25 was shake-cultured
to produce fumaric acid at 31°C for 3 days
in the medium containing 2% of glucose,

and then associated with P. valgaeris Pl grown

at 31°C for 3 days in liquid medium, after
2 days, L-malic acid yields was 5.48 g/100
ml.  Similar yields of L-malic acid were
obtained in the medium centaining 18% sweet
potato mash. The product isclated and pu-
The R:
value, infrared adsorption spectrum and me-
lting point of this crystal coincided with
those of the authentic L-malic acid.

rified from broth was white erystal.

Key words

L-malic acid; Rhizopus arrhizus; Proteus
vilgaris
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