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L-Malic Acid Fermentation of Non-sugar Carbon
Sources by Paecilomyces varioti

Wy

Abilities to produce malic acid from acetate,

propionate and ethanol

Shoichi Takao, Masatoshi TANIDA and Hideaki KUwABARA

(Laboratory of Applied Microbiology, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)
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Table 1. List of Molds Tested.

Name of Genera No.*

Absidia 1
Byssochlamys

—_
<o

Catenularia
Cethalosporium
Citromyces
Chaetomium
Cladosporium
Epicoccum
Fusarium
Gibberella
Gliocladium
Heterosporium
Hyalopus
Mortierella
Neurospora
Nigrospora
Oospora
Paecilomyces
FPapularia
Penicillium
Pestalotiopsis
Scopulariopsis

Spicaria

BN A = NN O R e A WO RN e e

et
~
—

Sporotrichum
Syncephalastrum
Tilachlidium
Tolura
Trichoderma

Trichothecium

o e b DN e e

Zygorhynchus

* Number of strain
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Sample o 05 10
Fumaric acid O
Succinic acid O
Malic acid o
Citric acid )
Paecilomyces variot: AHU 8007 O ("
" AHU 9254 O g
" AHU 9417 O -

Solvent system (ethyl acetate : acetic acid : water=3:1:1)

Fig. 1.

6605 N NaOH, m!

Fraction number

Fig. 2. Chromatogram of organic acids

produced by Paecilomyces varioti
AHU 9417.

Ll otent, LD ) v I BRI abh Tk
B, FhstoIBEERERCOWTY, Lk~
Yo sBEn Y vABERIZZREAERE IR T W
Vo FIZTC, Zht P ovarioti 3o\ T Table 3 i
RUT 9B OIMERBER LU 72— (%3%)

Table 2.

Thin layer chromatogram of organic acids.

DH DY v aEEERAER AN, BBREMIEORR O
BELRAULTHD. 7T HNIREERORBR, Thbol
BR7eer v, =&/ —A, ZUee—Ahbi%
Boy volgiy L, BT MITRRIY = CA4 Vs
5 36.6%, 8007 #kE 9254 Bt =& 7 —AMmbEhZh
30.1%, 36.9% L\ EVILERERL, ZhbOffil,
BERFRE LTC—RICH-BRT B 72 —AnD
DODERI VI B LARVLDOTH T,

3. EEEoRH

ZhE-cit PGA #H CRjEEE LARRE 1 A5 0l
v AEROBRER L LTE ), 2BOEERHEkY
BT RO, YV vITBERN I VR EIO TR
MeEZ, UITHRT L HEEE»SL DY v IBAER L AR
w, BHIREEE?D OEEYRAT,
R, £7 b 2o — Ak (PG i) LB
B A-FIFor A-X7 b v (YMP 4#) T,
PCEMIERERITC /Ara—2A 1% LHR=FA
01% ¥z tcd D, YMP ¥ 70 =~ 2 1%, BER
%2 03%, FHx+203%, <7t v05% OK
ZHORIMTH D, MR, COBMI0Oml 2T

Melting point and optical rotation of malic acid produced

by Paecilomyces varioti AHU 9417.

Final conc.

Malic acid preparation m.p. Rotation
oc %
P. varioti AHU 9417 99~100 0.20 [a]%=+1356
L-Malic acid 100 0.25 fall]=+1335*
0.125 [a]l] = +1407*

* KREBS and EGGLESTON (1943).
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Table 3. L-Malic acid production from various
carbon sources by 3 strains of Paecilo-

myces varioti after 7 days.

P. variotiy AHU
8007 9254 9417

Malic acid yield, %

Carbon source

Formic acid 0 0 0
Lactic acid 0 0 0
Propionic acid 1.3 7.0 36.6
Methanol 0 0 0
Ethanol 30.1 36.9 24
Ethylene glycol 0 0 0
Propylene glycol 0 0 0
Glycerol 14.9 16.4 23.4
n-Paraffin 0 0 0
Glucose 29.6 255 323

500 mé BIEE7 7 X2 PGA LOB % 2cm? B
L, 28°CCc2 AR LTy, 0 5mé % foid
10 mé H AR BERE U ie, BT O, BIREN
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TACEDLRIh -,

FEEr Fig. 3 @B U TR Lcy, Rk R ang
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&irote, PG £z, YMP 85 5 DR O
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Inoculum

Days

100 200
' -

Amount of malic acid and dry cell (mg/50 m/)

300 400 500 600
N A 1

YMP, 5 ml

YMP, 10 m/

PG, 5mi

PG, 10 m!

PGA

PGA

Fig. 3.
varioti AHU 9417.

- malic acid,

Effect of inoculum on malic acid production by Paecilomyces

dry cell weight

% vertical line shows inoculum size
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Dry cell weight, mg/50 m/

ght, mg/50 rl

Dry cell wei

Dry cell weight, mg/50 m/
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Fig. 4. Time course of malic acid fermentation and effect of glucose addition.
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: malic acid yield, :
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Summary

During the study on the utilization of non-sugar
carbon sources by molds, only 3 strains of Paecilo-
myces varioti, AHU 8007, 9254 and 9417 among 230
strains of molds belonging to 30 genera, were
found to produce L-malic acid in yields as high
as 27.5, 37.7 and 48.0% respectively, from 3% acetic
acid (added as Ca-acetate) after 7 days shaking
culture. Every strain was recognized to have an
ability to produce malic acid from propionate,
ethanol, glycerol and glucose as well as acetate.
In particular, AHU 9417 produced the acid in high
vield of 36.6% from propionate, AHU 9254, 36.9%
from ethanol and AHU 8007, 30.1% from ethanol
after 7 days (every source, 3%). These yields were
higher than those obtained from glucose by cor-
responding strains. As an inoculum for malic acid
fermentation, shaking culture was found to be
more favorable than slant culture in regard to
the fermentation period necessary to reach a max-
imum vield. When the time course of malic acid
production was surveyed, the maximum yields of
the acid from every carbon source by 3 strains
Addition of glu-

cose (0.3%) to ethanol- or propionate-containing

were secured after 3 to 5 days.

medium hastened the acid production, but such
an effect was not observed in acetate medium.



