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Morphological, cultural and biochemical studies on thirteen strains of citric acid producing microorganisms have been
described. All the oganisms are the different strains of the species Aspergillus nigret , Though there i s no appreciable diffe-
rence in their morphological and biochemical characters, yet there are wide differences in their cultural activities towards
different media and in the production of citric acid from molasses. Different media were used to determine the optimum
conditions for the production of citric acid by employing the surface culture method.

Introduction

A number of organisms, 2,3 are known to pro-
duce citric acid. The literature of the past three
decades contains many references to citric acid
fermentation. In view of the importance of
moulds in the citric acid industry and of the very
divergent views expressed by earlier workers about
the organisms, an investigation of the organisms
appeared to be desirable to find out more active
organisms from local sources and a more suitable
method for the production of citric acid.

In the course of this investigation, IS moulds+
were found to produce citric acid. Studies on
their detailed morphological, cultural and bioche-
mical characters have shown that they are dif-
ferent strains of Aspergillus niger.i Using these
organisms for the production of citric acid, experi-
ments were carried out in surface cultures.

ExperiInental

A. IDENTIFICATIONOF THE ORGANISMS

Morphological Characters.- The microscopic exa-
mination of the organisms was carried out by the
slide-culture method of Henrici> using basic me-
dium.v following incubation at 30°C. and from
these studies it was observed that all these organi-
sms belong to the group Aspergillus niger.I

Cultural Characters.-Studies on cultural charac-
ters were carried out on the media." on slants at
30°C. and the readings were taken after every
twenty four hours. The results obtained are
given in Table 1.

Biochemical Characters.-Studies on biochemical
characters were carried out on gelatin, bromo-
cresol-purple-milk and skimmed milk.f and it was
observed that there was no difference in their acti-
vities towards these media.

B. FERMENTATION

Preparation of Inoculum.- The cultures of the
purified organisms were maintained on test tube
slants of medium No. 20 of Table 3. The inoculum
was prepared in a 2S0 mI. conical flask containing
IOOmI. of the medium No. 2I with an initial pH
6.0 and using a I2.S% sucrose solution as a base.
This solution was inoculated with spores from the
slant cultures. After the completion of sporula-
tion in 3 days, the spores were suspended in SOD
mI. of water and 25 mI. portion of it was used as
ino-culum for each 2S0 mI. portion of fermentation
medium.

Surface Culture Method.-2So mI. portion of each
medium (Nos. I-II, Table 2) were taken in a
glass va t of dimensions 16 X IO X 4 ern. with
the depth of the medium 13-14 mm., inoculated
with 25 mI. of inoculum and incubated at 30-
32°C. Qualitative tests for citric acid were made
by means of Deniges' method.9 Titratable acidity
was determined with sodium hydroxide using
phenol red as the indicator. Determinations were
made for titratable acidity from 3rd to rzth day
of fermentation period. Normality in Table 3 is
expressed as mI. of N/IOo solution used for the
titration of S mI. of the fermentation solution.
Tests for oxalic acid+ were based on the varying
solubilities of the calcium salts of oxalic and citric
acids. After 12 days of fermentation the mycelia
were separated from the broth, washed under tap
until the washings became colourless and dried in an
oven at IOO°C. to constant weight. The results
are given in Table 3.

Submerged Culture Method.-(a) Shaking Metho.d:
In the shaking method, experiments were carried
out, using media Nos. 12-19. IOOmI., portion of
each medium was taken in a 2S0 mI. conical flask,
inoculated and shaken continously for eight days
in microid-flask shakers. After every 24 hours
the fermentation solutions were tested for citric acid
by Deniges' method.9 None of these organisms
could produce citric acid under these conditions.
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TABLE 1. (Columns continued 011 next page)

In cases of the

Name of the media Growth observed after Sporulation

I day 2 days 3 days 4 days 5 days I day 2 days 3 days

I. Acid-Czapek's-Agar 13 14,24,27 6,II,I2 28,30,31 2 13,14,24, 6,II,I2,p
25,32 25,27

2. Jensen's-Agar 12,13,14, 2,6,11,27 24,28,30 12,13,14, 2,6,11,27

25 31,32 25

3· SOil-Extract-Agar 2,6,II-I4 2,6,II-I4

4· Washed-Agar 12 2,6,11,13, 14 12 2,6,11,13

5· Glucose-Asparagine-Agar 2 6,II-14,24. 2, 6,II-I4,24,
25,27,28, 25,27,28,
30-P 30-32

6. Tyrosine-Agar 2,6,11,12, 25, 2,6,11,12,

24,27,28, 24,27,28,
30-32 30-32

7· Starch-Agar-B 12-14 2,6,II.24 25,27,28 12-14 2,6,11,24,
30 31,32 30

8. Potato-Nutrient-Agar 2,6,11,13, 12,24,25 2,6,11,13, 12,24,25,
14,27,28 30-32 14,27,28 30-32

9· Yeast-Extract- 2,6,24,25 II-14 2,6,24,25. II-14
Glucose-Agar 27,28, 27,28,30,

30-32 31,32,
10. Calcium-Malate-Agar. 2,6,12-14 24,25,27, 31 2,6,12-14 24,25,27,

28,30,32 28,30,32,

-II. Potato-Glucose-Agar 2 6,II-I3,24 14, 2, 6,II-I3,24, 14,
25,27,28 25,27,28,
30-32 30-P

12. Basic-Medium6 2,6,II-14 27,28,30 2,6,II-14, 27,28,30-32
24,25 32 24,~5

13· Potato-Plug 2,6,11-14, 24,31 2,6,II-14, 24,31,
27,28,30, 27,28,30,32
32

14· Glucose-Nutrient-Agar 2,6,II-14 31 2,6,II-I4,
24,25,27 24,25,27,
28,30,32 28,30,32

15. Peptone-Gelatin-Medium 2,6,11-14, 31 2,6,II-14,
24,25,27 24,25,27,
28,30,32, 28,30,32

16. Gelatin 12,13,31, 2,6,11,14, 12,13,31
24,25,27,
28,30,32

17. Bromo-Cresol-Purple- 2,13,14,25 6,11,24, 2,13,14,25,
Milk 27,30,31 27,30,31

18. Skimmed-Milk 2,6,12,24, II,I4 13 2,6,12,24,
25,27,28 25,27,28,
30,32 30,31

19· Omeliansky's- 12,24
Cellulose-Medium

20. Dubo's-Cellulose-Medium 14,28
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(These .are the remaning colutlllls oj Table 1 at page 280)

followinp organisms

. Col~ur ~f the mycelia observed Colour of the pigment observed No growth
observed

observed after

White Yellow Yellowish-white
(

Black4 days 5 days Yellowish Red Brown Yellowish-
black

28,30,3 I 2,6,rr-14,
27,28,30,
31,32
2,6,24,
27,30,3 I
32

2,14 13

r r-r a
25,28

12,13

14

13

13,14

2,12 6,] 1,13 25

31 II

2,6,11, 13,14
24,27,28,
30,32

24,28, 6,rr-I4,27 :'f5
30-32

31 ; 2,6,11,25 14 12,13
27,]2

31 2,11-14, 6,25,28 27 30,31 2,12,

24,27, 14,24

2,6,11,14, 6,rr-I4,24. 2 25 13; 28,31
24,25,27,28 27,28,30-
30,32~ 32
6,11,2.(. II,I3,I4 2,6,25,28,30,

31

II,I4 13 6,II 2,12,13,14,25. 12,28,30
27,28,3°-]2

2,6,11,13,24,25,
27,28,30,31,32

.2,6,11,12,13,24,
25,27,30,31,32



TABLE 2,-COMPOSITlONS OF MEDIA, IV
00
IV

Medium Sucrose Molasses NH4N03 KH2P04 K2HPO 4 MgS04. K3Fe K4Fe ZllS04 CH30H KCl Agar pH Autoclaved
No, % % % % % H2O (CN)6 (CN) 6 % % % % % %

% % % at for

25 0,233 0,100 0.012 0, IS 6,5

2 25 0,233 0,100 0.012 O.IS 0.00012 6,5

25 0,233 0,200 0.012 O.IS 0.00012 6·5

4 25 0,100 0.012 0, IS 6,5

25 0,233 0.012 0,18 6,5 ~

6 25 0.012 o. IS 6·5 ~. en
7 25 0,233 O,IOO 0.012 0,00012 6.5 :t

t:l
S 25 0,233 0,100 0,012 6,5 ,~

~:t
9 25 6,5 9

10 25 0.233 0.100 0.012 O.IS 2.5 6.5 ~
II 25 O.IS Not adjusted '-<

0

2 with >12 25 O.lIO 0,012 0.15 :<:I
HCl tJ

trl
13 25 0.25 0,25 0.012 2.0 with :<:I

HCl >14 25 0,04 0.08 6.0 100°C, 30 mill. Z
withHCl tJ

15 25 0,42 0.7 8.0 100°C. 30 mill, ~
16 25 0.233 0,100 6,5 IOOoC, 30 mill. >

, 17 25 0,233 0,100 0.012 6.5 100°C. 30 mill, >-:t
IS 25 '0,233 0.100 0,012 0.00012 6.5 100°C, 30 mill. ~

trl
tJ

19 25 0,233 0,100 0,012 0,100 0.00012 6,5 IOO°C, 30 min.

20 4 0,225 0,030 0,012 2.5 4,5
withHCl

21 25 0.05 0.06 6,0
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TABLE 3.-ajb a= MAXIMUM QUANTITY OF CITRIC ACID PRODUCED IN 5 ML. OF FERMENTATION SOLUTION AND EXPRESED IN ML. IN TERMS

cjd OF NjIOO NaoH SOLUTION; b = TIME IN DAYS TO PRODUCE THE MAXIMUM QUANTITY OF ACID. C =% OF CITRIC ACID IN
TERMS OF WEIGHT OF MOLASSES; AND d = DRY WEIGHT OF MYCELIA IN G. PER VAT AFTER I2-DAY FERMENTATION.

MOLASSES CONTAINED 50% SUGAR.

E RGANISM No.~ .
.- 0 r-------------------------------------~------------ ~--------------------~~z
:!: 2 6 II 12 13 14 24 25 27 28 30 31 32

I 99/6 132/7 J32/8 IIo/8 74/6 139/8 219/10 200/9 198/7 160/7 117/9 !O6/9 123/6
---- ---

;o~o/4:8s 990/4.3
-------

4,95/2.8 6.6/3.97 6 6/2,88 5.5/1.05 3.7/.4 6.95/3.2 IO·95/405 8.0/5.0 5.85/4.4 5.3/3.4 6.15/3.7

2 100/6 153/7 144/8 IIo/8 91/6 139/8 211/ IO 206/7 189/7 162/9
.

II7/9 !O3/1O 144/6

5/2.85 7.2/3 9 4.55/04 6.95/2:8
~-- ---- ----

7.2/3.137.65/3 8 5.5/1.00 10.55/4.4 IO.3/5.9 9 45/4.8 8.10/4.0 5.85/5 3 5.15/2.9

99/6 123/7 137/8 120/8 76/6 142/8 190/IO 197/7 188/7 206/7 II7/8 !06/IO 186/6 (1
---- --- ---- ---- - 5 85/4 I

---
9.3/4.83 q

4.95/3.05 6.15/3.0 6.85/4 8 6.00/0.9 3.8/0.5 7.1/3.5 9.5/4.55 9.85/5.55 94/4.3 10,3/4·33 5.3/2.9 ~
89/6 lII/7 98/8 73/8 91/5 72/5

0
4 65/5 65/6 106~ 93/8 97/6 II9/6 97/7 >

4.45/2.13 5,55/1 32 4 9/0.5 3.25/0.85 3.25/0.4 5.3/0.5 4.65/0.9 4.85/5.45 5.95/0.6 4.85/0.48 3 65/1.05 4. 95/1, 5 3.6/ 1----:6 0
8

5 II 7/6 128/7 136/8 114/8 77/6 140/8 186/IO 217/7 201/7 191/7 123/8 103/5 168/6 >-0
S:S5T;'--~-9--- 6 .4/3.40

----
6.8/4.48 5,7/108 3.85/0.5 7.0/1'°5 9.3/4.2 IO. 85/5. 2 IO.05/4.5 9.55/4.8 6.15/I.4 5.15/3,75 8.4/5.2 :;0

0
t:I

6 8~ 106/7 96/5 130/8 71/7 62/4 167/8 90/6 102/6 190/9 85/8 95/5 87/6 c::
0

4.05/2.4 5 3/1.40 4 8/0 9 6.5/0.70 3.55/0.4 3.1/0.7 8.35/2.75 45/0.5 5.1/0.65 9.5/2.6 4.25/5.9 4.7/1.9 4.35/1.9 Z
~ Q

7 70/6 122/7 95/6 60/6 86/6 I06/4 II 0/6 145/6 II6/6 145/7 80/4 68/5 120/5 ~
3.5/3.18 6.1/2,78 4.75/2.48 3 0/4 43 4.3/5.2 5.3/4.9 5.5/6.35 7.25/4.4 5.8/4.8 7.25/9.5 40/8.05 3.4/3.3 6.0/9.8 0

:;0

8 79/6 II8/7 91/6 62/5 77/5 127/4 II3/6 103/5 !I5/5 133/7 84/4 89/5 125/6 0
0

3,95/3.61 5 9/135 4.55/2.55 3.1/4.00 3.85/5.25 5.15/5 °
----

4.2/4.8 4.45/4.25 6.25/9.2
:;0

6.35/5·95 5.65/6 2 5.75/5.3 6.65/IO.8 Q;;-
9 74/6 81/8 96/5 92/7 86/6 90/4 90/6 74/5 122/7 82/7 88/8 89/10 70/5 ~

3.7/2.17 405/1.31 4 8/1-:D 4 6/0.95
--- en

4.3/0.7 4.5/0.75 4.5/1.2 3 7/0.6 6. I/O. 80 4.1/2.75 4.4/2.55 4.45/1. 35 3.5/0.65 11:
en

!O 97/7 rI7/7 II3/8 II 7/7 76/6 128/9 175/10 ~ 180/7 195/7 68/6 108/6 125/6

~85/3.82
---

3.8/0.5 6~4/3-:35 9.0/4.55.85/4.72 5.65/2.27 5.85/1.20 8.75/3.85 4.5/2 3 9.65/5.45 3.4/0.5 5.4/3.75 6.25/3.13

II 99/7 93/7 I04/5 88/8 65/6 64/4 90/6 53/7 II2/6 2II/7 79/8 76/10 83/6----
4.65/1.5 5 .2/1.00 3.25/0.25- 3.2/0.7 3.95/07 3.3/1.44.95/1.98 4.4/0.5 4.5/0.85 2.65/0.3 5.6/0.55 IO. 55/2. 55 4.15/1•05
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':(b) Aeration Method: The above eight media
(Nos. I2-I9, Table 2) were used in aera-
tion culture method. 500 ml. portion of each
medium was taken in a z-Iitre measuring cylinder
and sterile air was passed at the rate of200 ml.j roo
ml. of the medium/minute. Aeration was con-
tinued for 6 days. After every 24 hours the fer-
mented broth was tested for citric acid by Deniges'
method.9 It was observed that none of the or-
-ganisms could produce citric acid under these
conditions as well.

Discussion

Morphological and biochemical characters
show that all the organisms belong to the species
.Aspergillus niger:" From the results of the fer-
mentation experiments it was further observed
that under the same experimental conditions, all
the organisms do not produce equal quantities of
citric acid, but produce different quantities !n
different cases. Hence it is concluded that though
morphologically and biochemically they are iden-
-tical to a great extent, yet there are wide varia-
tions in their cultural biological characters, which
i~dicate that these are different strains of Aspergillus
_mger.

From the results of the fermentation experi-
.ments, it is observed that all the organisms could
produce citric acid in all media. The minimum
yield 2.66% (as anhydrous citric acid) was in
the case of organism No. 25 in medium No. I I,
and maximum yield IO.95% in the case of organism
No. 24 in medium No. I.

Inorganic salts are essential for the growth of
.mycelium and production of citric acid, but III

most of the cases potassium ferricyanide supressed
the growth of mycelium to a large extent. In all cases
small quantities of oxalic acid were also formed.
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