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Abstract :  The efficacy of coumarin, i.e.,  4-hydroxy-
7-methoxy-3-phenylcoumarin on  production of citric
acid   by fungal strains such as  Aspergillus aculeatus
NCIM - 1636, Aspergillus awamori NCIM -1645,
Aspergillus foetidus NCIM-1765, Aspergillus wentii
NCIM - 1789   and strain  Aspergillus niger NCIM-
1986 has been assessed. It has been observed that the
fungal strain  Aspergillus niger NCIM-1986 has been
found  most potential and effective for the citric acid
fermentation process. It has been found that the
coumarin, i.e.,  4-hydroxy-7-methoxy-3-
phenylcoumarin at molar concentration, i.e.,  5.0 × 10-

5M  has stimulatory effect on  production of citric acid
by Aspergillus niger NCIM-1986 and enhances the
yield of citric acid to an extent of  8.313% higher in
comparison to control fermentor flasks, i.e., 8.456
g/100 ml under the optimized conditions, viz. 300C
temperature, 1.8 pH, 11 days of incubation period
with 32% (w/v) molasses solution.

(Keywords:  Citric acid fermentation,    4-hydroxy-7-
methoxy-3-phenylcoumarin, coumarin  and  Aspergillus
niger NCIM-1986)

Introduction

 Certain substances effect the growth and
activity quite miraculously. Coumarin and other
benzopyrones, such as 5,6 benzopyrone, 1,2
benzopyrone, diosmin and others are known to
stimulate macrophages to degrade extracellular
albumen, allowing faster resorption of edematous
fluids.1-7  In earlier literature these were referred to
as hormones8-12. Hormone is a Greek word derived
from hormao which means to urge on or to
stimulate13-20. For hormones of plants the term
phytochrome has been given.

Phytochromes are organic substances
which are naturally produced in plants21-28, control
the growth or other physiological functions at a
site remote from its place of production and active
in extremely minute quantities29-36. Growth
hormones has been defined as "Substances which
are synthesized in particular cells and which are
transferred to other cell wherein extremely small
quantities influence developmental process".37-46

Thus, from the above brief review it is
evident that coumarin are required for  exploitation
specially for  citric acid fermentation and in view
of this the author has studied the influence of  4-
hydroxy-7-methoxy-3-phenylcoumarin on citric
acid production by  Aspergillus niger NCIM-1986.

 Experimental
The influence of  4-hydroxy-7-methoxy-

3-phenylcoumarin on  production of citric acid by
Aspergillus niger NCIM -1986.

The composition of production medium
for the  production of citric acid by  Aspergillus
niger NCIM -1986  is prepared as follows:
Molasses : 32% (w/v), NH

4
NO

3
 : 0.75%

KH
2
PO

4
 : 0.75%, MgSO

4
.7H

2
O : 0.75%, pH : 1.8

 The pH of the production medium was
adjusted to1.8 by adding requisite amount of KCI-
HCI buffer solution, and this pH was also
ascertained by a pH meter. The above composition
medium represents volume of a fermentor flask,
i.e., "100ml" production medium of citric acid by
Aspergillus niger NCIM -1986. Now, the same



Table - 1
Production of citric acid by  Aspergillus niger NCIM -1986 exposed to

4-hydroxy-7-methoxy-3-phenylcoumarin
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Control
(–)  Coumarin

1.0 x 10–5 M
(+)  Coumarin

2.0 x 10–5 M
(+) Coumarin

3.0 x 10–5 M
(+) Coumarin

4.0 x 10–5 M
(+)  Coumarin

5.0 x 10–5 M **
(+) Coumarin

6.0 x 10–5 M
(+)  Coumarin

7.0 x 10–5 M
(+)  Coumarin

8.0 x 10–5 M
(+)  Coumarin

9.0 x 10–5 M
(+)  Coumarin

10.0 x 10–5 M
(+)  Coumarin

10
11
12
10
11
12
10
11
12
10
11
12
10
11
12
10
11
12
10
11
12
10
11
12
10
11
12
10
11
12
10
11
12

6.405
8.456
7.369
6.482
8.558
7.457
6.571
8.676
7.560
6.667
8.803
7.671
6.802
8.982
7.825
6.936

9.159***
7.980
6.859
9.057
7.892
6.750
8.914
7.766
6.616
8.736
7.612
6.539
8.635
7.523
6.462
8.533
7.435

5.225
3.174
2.983
5.148
3.075
2.926
5.059
2.954
2.873
4.963
2.827
2.789
4.828
2.648
2.730
4.695
2.471
2.712
4.770
2.573
2.698
4.882
2.718
2.763
5.018
2.896
2.798
5.095
2.998
2.813
5.168
3.098
2.896

–
–
–
–

(+) 1.206
–
–

(+) 2.601
–
–

(+) 4.103
–
–

(+) 6.220
–
–

(+)  8.313
–
–

(+) 7.107
–
–

(+) 5.416
–
–

(+)  3.311
–
–

(+)  2.116
–
–

(+)  0.910
–

Concentration
of coumarin

used
A x 10-x M

Incubation
Period in days

Yield of citric
acid* in
g/100 ml

Molasses*
 left

Unfermented
in g/100 ml

% difference
of citric acid

increased
 after  11 days

* Mean of three observations ** Optimum concentration of coumarin
*** Optimum yield of citric acid   (+)ve values indicate % increase in the yield of citric acid.
Experimental deviation (+) 1.5% to 3.5%
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production medium  for citric acid  was prepared
for 99-fermentor flask, i. e; each contained  '100ml'
of production medium.

The above 99-fermentor flasks were then
arranged to 11-sets each comprising of 9-fermentor
flasks. Each set was then rearranged in 3-subsets,
each consisting of 3-fermentor flasks. The
remaining 9-fermentor flasks out of 99-fermentor
flasks were kept as control and these were also
rearranged in 3-subsets each consisting of 3-
fermentor flasks.

After preparing the above sets of
fermentor flasks M/1000 solution of   4-hydroxy-
7-methoxy-3-phenylcoumarin was prepared and
from the above micell solution 1.0, 2.0, 3.0, 4.0,
5.0, 6.0, 7.0, 8.0, 9.0 and 10 ml was added to the
fermentation flasks of above 1st to 10th sets
respectively. The control fermentor flasks
contained  no coumarin.

Now, the total volume in each fermentor
flasks was made upto 100 ml by adding requisite
amount of distilled water. Thus, the molar
concentration of  4-hydroxy-7-methoxy-3-
phenylcoumarin in 1st, 2nd, 3rd, 4th, 5th, 6th, 7th,
8th, 9th and 10th subsets were approximately as
given below :
A x 10-x M , 1.0x10-5M  to 10.0x10-5M
Where :
A = Amount of coumarin, in ml, i.e. 1.0 ml  to 10 ml.
x =Molarity of the coumarin solution and respectively.

The above fermentor flasks were then
sterilized, cooled inoculated, incubated at 300C
and analysed after 10, 11 and 12 days for citric

acid46 formed and molasses left unfermented47.

Results and Discussion

The results of the influence of  4-
hydroxy-7-methoxy-3-phenylcoumarin  on
production of citric acid by  Aspergillus niger
NCIM -1986 has been recorded in the table-4. It is
obvious from the results that the presence of
above coumarin in the production medium has
enhanced the yield of desired  citric acid at its all
molar concentration but to a lesser amount.

It has been noticed that the presence of
above coumarin compound, ie., 4-hydroxy-7-
methoxy-3-phenylcoumarin  was found to be
beneficial and encouraging for the improved yield
of citric acid up to its concentration from  1.0 x 10–

5 M to 5 ×10–5 M but not so significant and above
this concentration the coumarin under trial has
retarded the yield of citric acid. However, it is
interesting to note that  production of citric acid
by  Aspergillus niger NCIM -1986 exposed to all
the experimental concentration, ie., from 1.0 x 10–5

M to 10.0 x 10–5M of coumarin under trial has been
found to be slight better than the control fermentor
flasks.

The maximum citric acid production was
observed at 5.0 x 10–5 M concentration of  4-
hydroxy-7-methoxy-3-phenylcoumarin  on
production of citric acid by  Aspergillus niger
NCIM -1986, i.e., 9.159 g/100ml which is 8.313%
higher in comparison to control fermentor flasks,
ie.,8.456g/100 ml in 11 days of optimum incubation
period.
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