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Abstract

For the purpose of studies on the citric acid production, some experiments were carried out with isolated

strains. The results obtained were as follows.

1) The optimal culture media of the strain M-80 in surface culture contained 140g of sucrose, 3.0g of
(NH) 2S04, 1.5g of KHyPOy, 0.25g of MgSOys-7H,0, 3.0mg of Fe**, 1.0mg of Zn**, (0.5N HCI
toa pH of 5.0 and distilled water to 1.0 liter; and that of the strain M-315 in surface culture con-
tained 140g of sucrose, 2.0g of NHNOs, 1.0g of KHyPO,, 0.25g of MgSOy-7TH0, 2. 0mg of Fet+,
2.0mg of Zn**, 0.05mg of Cu**, 0.5N HCI to a pH of 4.5 and distilled water to 1.0 liter. While
that of the strain M-315 in submerged culture contained 140g of sucrose, 2.5g of NH4NOs, 1.5g of
KH,POy, 0.3g of MgSOq4:7H;0, 3.0mg of Fe**, 0.1mg of Cu™, 0.5N HCl to a pH of 4.5 and
distilled water to 1.0 liter.

The optimal temperature and size of inoculum were mostly 28-30°C, 107-10® spores/50m/, respec-
tively.

2) Through the course of citric acid production, the growth of strains had nearly been completed, pH
value was rapidly decreased below 2.0 and the content of sugar was also reduced, while the accum-
ulation of citric acid in media was remarkably begun in about 3-4 days. The yields of citric acid gen-
erally reached the maximum level in 8-10 days in surface or submerged fermentation process.

3) Methanol was effective citric acid production when they were added to fermentation media. In the
case of surface culture, by addition of 2% (strain M-80), 3% (strain M-3815), the yields of citric
acid was increased 6.5%, 20.6%, respectively and 5.09% yield was increased by addition of 3%
methanol in submerged culture media of the strain M-315.

4) Chromatography analysis of culture broth after fermentation under optimal culture conditions detected
that the majority of acid in media was citric acid. 72. Img/ml, 98. Img/ml, of citric acid were determined
in surface culture media by strains of M-80, M-315, and 59.8 mg/ml of citric acid was contained
in the submerged culture media by the strain M-315.
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Table 1. Composition of Eluting Solution

1) 100m! chlorofrom100 %

2) 100m/ chlorofrom 95% -+butanol 595
3) 100m! chlorofrom 90% --butanol 10%
4) 100m! chloroform 85% -+butanol 15%
5) 100m! chlorofrom 809% -+ butanol 209
6) 100m! chloroform 759% -+ butanol 25%
7) 100m!/ chloroform 70% ~-butanol 309%
8) 100m! chloroform 609% -+ butanol 40%
9) 100m! chlorofrom 509% -+ butanol 50%
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Table 2. Effect of Various Carbon Sources on Citric Acid Fermentation

Citric acid (mg/mi) Yield (%)
Culture] methoc? Surface culture S“cll’;ﬁﬁrr%ed Surface culture Suctl’;ﬁirr%ed
No. of strain
Carbon sources M—8 | M-—315 | M—315 | M—80 | M—315 | M—315
Sucrose 56.2 57.8 48.3 40.1 41.2 34.5
Lactose 14.3 21.0 25.9 10.2 15.0 18.5
Glucose 47.4 49.7 36.4 33.8 35.5 26.0
Galactose 42.4 38.6 33.6 30.3 28.2 24.0
Dextrine 54.4 13.0 5.9 38.8 9.2 4.2
Soluble starch 53.7 10.6 7.5 38.4 7.5 53
Potato starch 18.5 8.3 3.8 13.2 6.3 2.7
Sweetpotato starch 19.7 9.2 4.1 14.0 6.5 2.9
Corn starch 16.3 7.5 3.0 11.6 5.2 2.1
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Table 3. Effect of Sucrose Concentration on Citric Acid Fermentation

Citric acid (mg/ml) Yield (%)
Cultural method Surface culture suclt’:l‘:il;%ed Surface culture Sucl:lrlx:tle;%ed
No. of strain
Conc. of sucrose M—80 M—315 M—315 M—80 M—-315 M—315
5 16.0 17.2 10.2 32.0 4.4 20.4
10 36.7 38.4 28.2 36.7 38.4 28.2
12 49.2 51.2 39.1 41.0 42.6 32.6
14 58.1 59.9 49.8 41.5 42.7 35.5
16 60.8 61.2 55.1 38.0 38.3 34.4
18 62.1 63. 2 58.3 33.2 35.1 31.2
20 65.7 69.5 61.2 30.4 32.2 31.2
Table 4. Effect of Various Nitrogen Sources on Citric Acid Fermentation
Citric acid (mg/ml) Yield (%)
Method Surface culture Sl:m‘:ﬁ;ged Surface culture Suctl’:ﬁi;%ed
No. of strain
N-sources M—80 M—315 M—315 M—80 M—315 M—315
NH,Cl 53.7 57.8 47.7 38.4 41.2 34.1
NHNO; 58.2 61.1 50.3 41.2 43.6 35.9
NaNO3; 41.8 50.6 37.6 20.8 36.1 26.8
NHH,PO, 31.0 41.2 34.4 22.1 29.4 24.6
(NHy) 2S04 60.1 56.3 45.2 42.9 40.2 32.3
(NH,),CO 57.0 53.8 48.0 40.7 38.4 34.3
(NHy)2CO;3 35.0 31.2 30.7 25.0 22.3 21.9
Peptone 54.9 55.7 42.8 39.2 39.8 30.5
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Table 5. Effect of Potassium and Phosphorus Sources on Citric Acid Fermentation
Citric acid (mg/ml) Yield (%)
N I\;Iethoc.i Surface culture Slﬁxﬁi;%ed Submerged culture Su}’éﬁftrffed
0. ot strain
K.P. sources M—80 M—315 M-315 M-80 M—315 M—315
KH;PO,4 61.7 62.45 51.0 4.1 44.6 36.4
K;HPO4 60.9 62.15 51.1 43.5 44. 4 36.5
KCl1 54.1 53.94 43.1 38.7 38.5 30.8
KNOs 43.1 54. 64 43.7 30.8 39.0 3.2
K2504 50.5 45.23 34.0 36.1 32.5 24.3
100
100
g =, 3 R~
i -/kx:\; % /,5/ ~x
2 o E X g T
= A o——0—" \O\ = 50 ./ )
] o = >
x &) X /
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Potassium phosphate cone, (g/{) Magnesium sulfate conc. (g/1)
Fig. 2. Effect of Potassium Phosphate Conc- Fig. 3. Effect of Magnesium Sulfate Coneen-

entration on Citric Acid Fermentation.
M-80 (surface culture)
X—X M-315 (Surface culture)
O—0O M-315 (Submerged culture)
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Table 6.

Effect of Metalic Ions on Citric Acid Fermenfation

Citric acid (mg/ml) Yield (%)
Method Surface culture Subrlnerged Surface culture Submergerd
Metalic  No. of strain culture culture
ions Conc. (mg/) | M—80 | M—315 | M—315 | M—80 | M-315 | M—315
Fe't 0 64.9 67.4 53.9 46.3 48.1 38.15
1 65.2 97.9 54.3 46.5 48.5 38.7
2 65.3 68.8 55.1 46.6 49.1 39.3
3 66.7 65.2 53.2 47.6 46.5 38.0
4 66.0 61.3 52.5 47.0 43.7 37.5
5 65.2 56.1 50.0 46.4 40.0 35.7
6 62.4 4907 46.1 44.6 35.5 32.9
Mn* 0 66.7 69.4 54.8 47.6 49.5 39.1
0.1 68.6 68.8 53.6 49.0 49.1 38.2
0.2 67.2 67.3 52.3 48.0 48.1 37.3
0.3 65.9 66.9 50.0 47.1 47.8 35.7
0.4 64.3 65.2 46.9 45.9 46.6 33.5
0.5 61.5 63.8 42.7 43.9 45.6 30.5
0.6 58.2 59.8 40.1 41.6 42.7 28.6
Zn* 0 67.2 69.8 53.4 48.0 49.8 38.1
1 69.0 70.4 54.1 49.2 50.3 38.6
2 66.9 71.8 54.8 47.7 51.2 39.1
3 63.4 71.0 55.3 45.2 50.7 39.5
4 62.9 69.3 53.6 44.9 49.5 38.2
5 60.3 64.7 51.4 43.0 46.2 36.7
6 55.8 56. 2 47.4 39.8 40.1 33.8
Cu' 0 69.2 70.8 54.1 49.4 50.5 38.6
0.05 68.4 71.5 54.9 48.6 51.1 39.2
0.10 67.6 69.8 55.1 47.8 49.8 39.4
0.15 66.1 66. 2 53.8 47.2 47.2 38.4
0.20 64.5 62.1 52.3 46.0 44.3 37.3
0.25 60.8 57.8 50.6 43.4 41.2 36.1
0.30 57.7 51.2 47.4 41.2 36.5 33.8
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£ 0.01%0] 2k sho] @ 29 AVtastE wdl
vl otk =& Mn* 9 7o) glo] A& Bernhauer
2100 of 3w Fetohiz 2] A3 GFE #AH
etz @ W Perlman 02 FA%ch 3
ged AATY AgdM = Wt 53 E 3o}
E 7} 949 tF. Mn* 2 isocitrate dehydrogenase
9] cofactor 24 <& glowl oo} A% Horitsu
0L 50~2000m o Mn® & AAGLEA F7}
HQc 2 Zng uigle

g\ Zn# - Fet o 3l Aspergillus niger &) 4

$7 AEe FAA G 2 e Tl vt ok a
A Vel Chrzaszez 192 Zn o] s:fge] #]
A Gl A glcka & wisl Perlman $72
wg WA AsE Zn* & FAAAYH F2 F
AA 7 "ok g

B AY)AE Zn* & O~6mg/i Hrbete zA
g A5t M-80-% 1mg/l 8 42 #%& 8739
¥, M-315 % Auiviekst maivhokel 47 2mg/l,
3mg/l AR & W F 2% A E2 F&) B
Ak,

Cu* &= mrlvfeke] 75 M-80

o

& P

f
ih

— 186 —



Citric acid (mg/ml)

9 Awangl o] Faldlgos M-315= ¥4 Table 7. Effect of Temperature on Citric Acid
dj kel &= 0.05mg/l, Hujueke]E 0.1mg/l 2 T Fermentation during Cultural periods
2 7Lelm k7] EHE B 7} ol A
& Az iéﬂ- T E i Strajn | Temperature | Citric acid| Yield | Mycellium
2 A e AE%E Ve ram (°C) (mg/ml) | (%) | weight
- ol o %
6 27 pHel 3% ) M-80 26 60.3 450 2.104
FA9& A gelA pH I Y FF R 28 68.4 48.8 2405
AR 293 9FL o)A A 4§ pH 30 67.9 48.5 2.601
B dFAl wet o} thart, Ku F0L Aspe- 32 66.3  47.3  2.716
i1l o golA 271¢ pHE A e
;g’o] ";":}yi“e };Ailz hH p%m . ] L M35 2% 62.5  46.4  2.285
TN eIn. oy '1__‘
rahaer P 28 6808  49.0  2.108
e 30 69.8  49.8  2.467
32 67.2 48.0 2.587
7t 288 FARAA Ast & pHelAE
\ oxalic acid 1} gluconic acid 722 2493 FES A
,7*‘-""‘"’ T 4w s
¥ e A 5 Yol Q& AFEFFEE AR
et TTe—¢ =439 0.5N HCl 2 0.5N Na OHi&] pHE %
& ¥ 27 FF pHE 2Abstgih A5} Fig
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Wl ok 2% pH 4.5004 A& ehiigic)
7 WgLE
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U W S SN TS T SR SR A AL 270z gwlu]odt A3 Table 7o A1 2
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£ o]z 9l o % ~30° A
Fig. 4. Effect of Initial pH on Citric Acid f} ?‘Jr zelx gl A 2 28~30°C <14
Fermentation Aele g
. — . M- 80 (Surface culture) 8) A& W& 77
X—X M-315 (Surface Culture) Gerhardt 2:%0] o] 3} FAAPA A F79 A
O—0O M-315 (Submerged culture) Zgro] FLE BERY 397 2dn 9=
Table 8. Effect of Amount of Spore Inoculation on Citric Acid Fermentation
Citric acid (mg/ml) Yield (%)
Method Submerged Submerged
No. of strain Surface culture culture Surface Culture culture
Dition o ore//s0mi M—80 | M—315 | M—315 | M—80 | M—315 | M—315
1 1Xx108 69.7 71.6 54.4 49.7 51.4 38.8
2 1x107 68.0 71. 4 54.5 48.5 51.0 38.9
3 1X108 67.3 70.2 53.3 48.0 50.1 38.0
4 1X105 59.5 61.0 50.1 42.5 43.5 35.7
5 1610* 47.3 53.2 44.2 33.7 38.0 31.5
6 1X103 41.6 42.2 26. 1 29.7 30.1 18.6
7 1X102 31.8 28.7 15.7 22.7 20.5 11.2
8 1x10 19.0 9.7 7.4 13.5 6.9 5.2
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Fig. 5. Chemical Changes during Fermentation
by M-80 in Surface Culture.
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Fig. 6. Chemical Changes during Fermentation
by M-315 in Surface Culture.

el M-3159] Jujuf Fol A= Fig. 73 o] &
A greg 22 & 2R EW AUdE TF
o A3, EEad g4 v dazis
& AEskd addel 3L Aoz AZ4H A
. 53] odllE 7Y &ugEsh Ew g4
B xlon MEREE JF 1047 54.4mg
/ml 2 eEbked S 4k 2 o Ha=As A
AY AS da F80] vEd Aoz 4750 o
of HAAe ez HE d7E AL U2 A
ol

2. &% Hwpel HE HE

r Luty
E 4
3 /'/'/' ~.3
.
= - -/
% /
o — = T
E el i
E. . - X
s N .
z 74._,._ — &
g . -
El ;
2 R
A /. ~
/ ~~
/: \‘\-\.
— A
i -l

Time (duys;

Fig. 7. Chemical Changes during Fermentation
by M-315 in Submerged Culture.



Table 9. Effect of methanol on Citric Acid Fermentation

Citric acid (mg/ml) Yield (%) Mucellium weight (g/100m?)
Conc. hl/\llit'ho:f Surface culture Sl::l‘ﬁr:ﬁlr'ged Surface culture —S‘égﬁlel;ged Surface culture Slég‘f:ﬁ;ged
of Strain
methanol M-80 | M-315 | M-315 M-80 | M-315 | M-315 M-80 | M-315 | M-315

BK 69.4  70.8 54.74 49.

71.1  100.5 £8.8 50.

49.3  78.7 49.0 35.
41.6  68.8 42.12 29.

Sy SV W DD

70.8  74.6 57. 54 50.
77.1 81.5 61.74 55.

57.7  90.6 55.16 41.

6 50.6 39.1 2.682  2.512  2.113
6 53.3 41.1 2.031 2.106 1.874
1 58.2 4.1 1.543  1.681 1.442
8 718 42.0 1.278 1.199 1.162
2 647 39.4 1.042 1.142 0.943
2 56.2 35.0 0.781 0.925  0.692
7 49.1 30.8 0.672 0.601 0.471

TATaY] ALRRREHERIZA T CaCly, HySeO;,
3., methanol, NaCN, NaF &£ n] &3] A3
7t eyt = A= TFo) %k thas 59
F FFUE 28 F BEV S vt 48
%t EAFAAE dubdor dEo] 9L F
E Aoz 484 = AEANES AN £ A
3} methanol 8] &= & &3-% 94 E3At.

Moyer® = Aspergillus niger NRRL 567 9]
o Ak d o Al methanol, ethanol 9] 1~3% H7te
isopropanol 2% F7} A FHAAFe] Frtgivhn
Pz A7) methanol o] w3t FE3}= pH
= A7 Qor pH1.95¢ =& 2% <] methanol
< A7ME H7F HE $%5¥ WA o] methanol &
ANFoeA v FES5dad A A& FAA
7]o] blackstrap molasses ¢} 722 crude ¥+ =4
o ALE Bl & Aotz g EAY
ol A . methanol 8] &35 Yo} B 3l wkF
WA & AFEste] AFAe] F7A o2 methanols
0~6% Artste] & A3 4% a4E 5y

Z Table 9 o] A gk o] mlu] Fof Al 2% met-
hanol 7124 oF 6.3%9 & F7H=Ed =, &
3] M-3159] A$E 3% Ar7b= 20.4%9 EA
3 Zot2 fhAgEC] HaE 70.1%9) ERARE 2y
ov] Bl Frkste @8] A 45 2AF4
< F3 Bl M-3159 Hujul] ok 4 $o]
X 2%9 Atz 5%9 F4L A%

3. @l HF

1) ARBY BE

fiEte] A dazAcs A7 HFE Fd
ARE B Bl 93t P.P.Coz AA
o] WAz Aste Table 10 3 #ch & &
Aoz A citric acid & 2 6F< 0.5% FL&
doz sto] Bggt WFRT SAf AAAA B
AN A FFEA citric acid 9} o] 4 & A7
AA et spot 4 22 REAE 29z M-80
9 M-315 391w F o A & oxalic acid 9] &4 &
ol & 4 ot gy F9 diF-Ee Ao
Fadd Aoz HQEHGG, 284, ZFEYe

Table 10. Qualitative Analysis Fermented Solution by Paper Chromatography

Method

. Surface Culture Submerged culture
Strain
No. of exp. M—80 M—315 M—315
Rf value
Organic acid 1 2 1 2 1 2
Succinic acid 0.83 — - — - — -
Lactic acid 0.79 — — - - — —
Malic acid 0.64 — — — — —_ —
Citric acid 0.58 + + + + + +
Tartaric acid  0.48 — — - — - —
Oxalic acid 0.39 — trace trace —_ — —_—
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kA o] A lactic acid = spot 7} 7| 22
okoto ] E3) succinic acid &} v
Rl s glelA] A ats] o flvh
2) AREEY R
A 7N S AE ZERF)AE RiERY
o} w2} partition chromatography % &3tz = &

10.q[-

2
=)

T
——

Yolume of 0.IN NaOff per fraction(mi}
n

Fig.8. Chromatogram of Standard Organic Acid
@ Acetic acid (@ Formic acid
® Lactice, succinic acid @ Malonic acid
® Oxalic acid @ Citric acid

Volume of 0.01N NaOH per fraction{mi}

Chromatogram of Various Fermented

Solutions

@ Fermented Solution of M-80 in
Surface culture

@ Fermented Snlution of M-315 in
Surface culture

® Fermented Solution of M-315 in
Submerged culture

Fig. 9.

o] 35 Yo AXE FUdg A5 Fig.83
Zol et oA AFMIEE Fig. 9 ZF
F7] Aol A &} 7 -9 7Fo] partition chromatography
£ 98§ A5 Fig. 93 2o M-80 9 M-315
FE v Y of A = oxalic acid & citric acid & ¢
Aol Al FAA peak 7} M-3159] ujuj] ok o] A
£ citric acid 9 A o A} 341} peak 7} il
o] 2 A=kal Ax M-809 EAu oFd o} A &= oxalic
acid 0.6mg/ml, citric acid 72.1mg/m] o} A 5
95 M-315 3.1 vl koY o] ] = oxalic acid 1. 1mg/
ml, citric acid 98. 1mg/ml o], M-315 o ujj u] oF<§

]AH—:— citric acid 2+ 59. 8mg/ml o] A %= o] FA
TES 714 & T4 s A Addoz 4
Aste TFF A4 A

E #

oA ¥edde v $Ezz 3
& Axdz fEES $AT A2

=2
7EA

u
e o

X /‘éﬂwl Aok 242 2ANLY H,
M-802 sucrose 140g, (NH,) S0, 3. 0g, KH,PO, 1.6
g, MgSO0;-7H,0 0.25¢, Fe"3.0mg, Zn"1.0mg, D.
W. 11, pH 5.090}9 3, M-315+ sucrose 140g, N
HyNO; 2. 0g, KHoPOq 1. 0g, MgSO4-7H20 0. 25¢g, Fe#
2.0mg, Zn*#2. Omg, Cu* 0.05mg, D.W. 1/, pH 4.5
olgon, M-315 9 Aujul]eke] 7 9 sucrose 140g,
NHNO; 2.5g, KHoPO; 1.5z, MgS0,-7HO 0. 3g,
Fe' 3.0mg, Zn" 3.0mg, Cu® 0.1mg, D.W.1l, pH
4.505ch MELEE 28~30°C, EAAFFL
ol pofo] 107~10° 7] /ml A ESHGE A ERnzo]
A E9eh

2. AATY A3 BARMGRE 444
2 249 A% 0% 3~ad Fol TAY FAL
Ag Bz pHE 2,003 AsFged T4
Ao oARE &3 SAH5] Adsd Ewd
o9 AL, M-802 84, M-315= 94, M-315
o] Gkl 9= 10987t Mg s o 74
A ko] & mAe] Eatqdrh.

3. Methanol 8] At TAQAA F& IF
& wyen mHeeke] A$ M-80, M-3159]
Aol 2.0%, 3.0% A P& = 7474 6.5%,
20% 9 8o AU, M-3159 Au)u)
o 3.0%Y A7E 5.0% 9 & FFHAL

4. FA zA A TEAZ F T NFEE
FAF A AR T4 akg A™Fer &
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Atz A9z, ZTaiw g A M-80, M-315 4]
Fllof 27 72.1mg/ml, 98.1mg/mlc], M-315 ¢
G vl okl ofl = 59. 8mg/ml - Abo] A kst foh,

2 £ X W

1) Thom, C.and Currie, J.N. : J. Agri Research.,
7, 1 (1916).

2) Bernhauer, K., Knobloch, H.
A.: Bio. Z., 309, 151 (1941).

3) RIS, FEMBYE, EREKR TRk,
PR, SRFE « OREENR GRS, 14, 457
(1956).

4) Anthony, H. Rose: Industrial Microbiology,
Butter Worth and Co. Ltd., p.170 (1963).

5) Warkman, M.J. and Karrow, E.D.: Ind.
Eng. Chem., 39, 821 (1947).

6) Johnson,M.J. and Shu, P.: Ind. Eng. Chem.,
40, 1202 (1948).

7) IET, SUAEE TR, WEEER : SRR
EMERGEE, 8 (1), 47 (1980).

8 Marvel, C.S. and Jr.Rands, R.D.: J. Ame.
Chem. Soc., 72, 2642 (1950).

9) Bullen, W.A., Varmer, J.E. and Burrell, R.
C. : Analytical Chemisery, 24 (1), 187(1952).

and Iglauer,

10) Porges, N.: Amer. J. Bot., 19, 559 (1932).

11) Doelger, W.P. S.C.: Ind.
Eng. Chem., 26, 442 (1934).

12) RUEE—RR, BEER, SA% : BEHHGE,
13, 134 (1955).

13) Shu, P. and Johnson, M.J.: J. Bact., 56,
577 (1948).

14) WIURT : AARBBMLBEEEE, 27, 118(1953).

15) REFE—, #Fk, Egsl  BEpest
13,333 (1955).

16) Bernhauer, K.: Bjo. Z., 197, 287 (1928).

17) Perlman, D., Dorres, W. W. and Johnson,
M. J.:ch. Ab., 40, 7508 (1946).

18) Horitsu, H.: J. Ferm. Assoc. Japan, 32 (2),
46 (1974).

19) Chrzaszcz, T., Zakomorny. U.M.: Prezm.
Ch., 22, 296 (1938).

20) WOE—, SEHE :
(8), 121 (1930).

21) Bernhauer, K.: Bio. Z., 172, 313 (1926).

22) Gerhardt, P., Dorrel, W. and Baldwin, 1.L.:
J. Bact., 52, 555 (1946),

23) Moyer, A.J.: Appl. Microbiol., 1(1), 1(19
53).

and Prescott,

BABGEREE, 25

— 191 —



