11
(citric acid) 2-
12, - (2 hydroxy -1,2,3-propane tricarboxylic acid )
(Krebs' cycle)
..1784  Karl Wilhem Scheele
( Bouchard and Merritt,1979; Prescott and Dunn, 1983 )
(citrus fruit )
(natural citric acid) (Miall, 1978)
.. 1922
] ( , 2535 )

Grimoux .. 1880 ( Bouchard and
Merritt,1979; Prescott and Dunn, 1983)

.. 1893 Wehmer Pénicillium glucum Mucor
(fermentation citric acid)

( Marison, 1988)
Currie (1917) Aspergillus niger

A. niger
( Miall, 1978) .. 1923 Curie Chas. Pfizer & Co. Inc.



(surface fermentation)
( Miall, 1978;
Prescott and Dunn, 1983)
(Submerged culture process)  Amelung  Derguin (1930)

1948 Shu  Johnson 50
( Mill, 1978)

(Prescott and Dunn, 1983;
Grewal and Kalra, 1995) .. 1932
Wieland Sanderhoff ( Cartledge,
1987) 1976 Maldonado ' Candida lipolytica

60  (Maldonado;
Charpenter and  Glikmans, 1976)

(lkeno et al1 1975;Finogenova et al, 1986,
Wojtatowicz; Marchin and Erickson, 1993)

(Prescott and Dunn, 1983; Marison, 1983)

500,000
Aspergillus niger Yerrowia lipolytica (Anonymous, 1990
Shah etal, 1993)



1.2

3 1 1-1

¢chZcooh
HO-C-COOH
CH2COOH

11
Miall, 1978

(anhydrous  citric  acid)
CeHA 7 192.13
153 1.665
(C6HE) 7H)(citric acid monohydrate) 210.14
(transition temperature)
366 + 015

100 1.542

K 25 3 K, = 3128
K2 = 4.761 pk3 = 6.396 18
[<1=8.2x10" 1K2= 177 X105  K3=3.9x107(Bouchard and Merritt, 1979)



1.3

1-1

chh7

(readily carbonizable
substance)

99.5-101.0

1588
0.05

30
150
3

10

200

(

99.5-101.0

) . 255

05
0.05

30

150

10

200



wiijiffos {0} } 3
o}

1.4

2-3 (Goldberg; Peleg and Rokem, 1991)

(Nubel and Wantagh, 1977, Bouchard and
Mernitt, 1979)
180 10

12

18 (Prescott and Dunn, 1983)

141

3
15
(Bouchard and Merittt, 1979;
Prescott and Dunn, 1983)
14.2

. 2529)

(Bouchard and Menitt, 1979)



143

( Prescott and Dunn, 1983)

144
plasticizer
1 (reverse osmosis) (Bouchard and Meritt, 1979)
15
Tanaka 1968
Arthrobacter paraffineus ATCC 15591 5%
(n-dodecane) "
28 % 10 (Tanaka;
Kimura and Yamaguchi, 1968) 1973 Sardinas
Bacillus licheniformis ATCC 21667 . licheniformis ATCC 21667
cerelose 150 37
42 120 (Sardinas and Conn,
1973)
Oomori Suzue 1973 Aerobacter 1
Pseudomonas 1 Micrococcus Bacillus
Aerobacter |AM 1019
93 37 10%
- 14 25 Pseudomonas dacunhae |AM
1089 8.1 10%
30 28 Micrococcus lysodickticus |AM 1056
885 Bacillus

subtilis  -201-7 ATCC 58.6



0.3% 6% K] 39
(Oomori and Suzue, 1973)

Suzuki .. 1974
Brevibacterium flavum  ATCC
14067 45
10% Brevibacterium flavum ATCC 21682
13 Achromobacter nucleoacidoves [FO 13268
0.6 ! 6%
Achromobacter nucleoacidoves ATCC 21683 2
Corynebacterium fascians ATCC 21461
43 ! 6%
Corynebacterium faécians ATCC 21684 6l
(Suzuki ¢tal, 1974)
Kimura Nakanishi 1975 Arthrobacter
paraffineus ATCC 15591 ' (C12C1)
Arthrobacter paraffineus ATCC 15591 ' 5%
30
9.3 0.1%
6 18.2

(Kimura and Nakanishi, 1975)



16

3
(pyruvate) (acetyl Co-A,
02) !
(04) (anaplerotic reaction)
(13
2

(Ermakova étal, 1986; Shah étal, 1993)(  1-2)



TPP
+ Mg**
r‘, W\ m‘po-'coo’d NADH-H* oy
=0 ——-.W s é__o
M Prevvole éehydrogenare ; o
Complen COz —CoA

PYRUVATE

NAOH ¢H'  OXALOACETATE

NAO* :::;:oqcuu

CHOHCOOH
CHiICOOH

malate

jiHCOOH

CHCOOH
OMAKATE
FAOH,

t0CCarvot<

FAO.

(HOH
in"COOH
SUCCINATE

(succmpt-Coa
synihciose)

GHACOOH
Gy
) \

NCHH \NO

I'poic dd
FAO

2*0«0MN0'0*« 4ar>r0>09<Axir

Gy

1-2 .
Singleton and Sainshury, 1988

B-oxidation

____ EATTYACIOS

C*&.COOH
i COOH
o«zooon
CITRATE i

econmtore

4y
r Q0
CMiCO0NJ
c/ 'f—ACO\\//{I' H Iiﬂ
\
CH\COOH
~KCOOH
- H
isCATE”
L<*el N NAO(pr
NAO (P}H*H*
6h2.cooh
CH.COOH

CO.COCH
OXALOSUCONATE

nocieote
Genydrogenate

74 Co0 N co,

EBCOOH

2-oxoclutarate



""ﬁwﬂeRHof-pAR NAs

GLYOXYLATE

FUMARATE

%

3 2 -OXOGLUTARATE
SUCCINATE

\ }/
SUCCINYL-CoA

1-3
Singleton and Sainsbury, 1938

D-GLYCERATE



171

Bacillus,
Aerobacter, Pseudomonas, Micrococcus (Oomori and Suzue, 1973)

N-methyl-N-nitro-N-nitrosoguanidine

172
1721

(Oomori and Susue,
1973; Suzuki et al, 1974) (Suzuki étal, 1974)

(Prescott and Dunn, 1983;
Grewal and Kalra, 1995)
1722

(Sardinas and Conn, 1973) (Suzuki et al, 1974)
(Kimura and  Nakanishi, 1975)



(Prescott and Dunn, 1983)

(Mckay; Maddox and Brooks, 1994)

1723
(Szucs, 1944 Prescott and Dunn, 1983)
0.1-0.2
(Mall, 1978)

1.7.24

(Marison,  1988)

(PFK)
Mo NH&
0.20-0.25
0.1-500 Fe2t
ZNn241-2

(Marison,1988)



13

1725
(Comori and
Conn, 1973) Sikyta (1983)
(Kimura and Nakanishi, 1975)
! (Marison, 1988)
1726 -
(PH3) -
(Shadafza et al, 1976 Prescott and Dunn,
1983) -
(Moresi et al.,
1980)
- (Sardinas and Conn, 1973)
1727

(Nakanishi  étal, 1972; Furukawa étal, 1977)
(Sardinas and Conn, 1973,
Suzuki et al, 1974; Kimura and Nakanishi, 1975) 28-37



17.2.8

Usami

Dunn, 1983)

( - 253)

18

14

1960
( Prescott and

(Rane and Sims, 1993)

1-2

- 2539)
2837



19

1-2

. .2531-2542
2531
2532
2533
2534
2535
2536
2537
2538
2539

2540
241

co 242

(
i

1,1460,893
2,113,734
2,398,451
3,985,387
2,022,539
3,484,410
5,960,146
3,056,073
4535422
1,285,312
323,554

()
26,127,593

45,802,953
51,264,118
64,844,312
131,742 434
12,135,321
101,905,659
171,830,940
102,561,454
150,003,744
52,418,529
12,307,281

15



110

1101
1102

1103

1104

1105

1106

Bacillus Medium (BM)

B. subtilis ATCC 21610
B. subtilis ATCC 21610

B. suhtilis ATCC 21610

16
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