
Abstract : The efficacy of a novel class of compounds
bearing a coumarin entity, N-(7-dimethylamino-4-
methyl-3 coumarinyl) maleimide on  bioproduction
of citric acid by Aspergillus niger NCIM-705,
Aspergillus carbonarius NCIM 790, Aspergillus saitoi
NCIM -796,   Aspergillus usumii NCIM - 774 and
Aspergillus wentii NCIM -726  has been targeted. It
has been observed that the fungal strain   Aspergillus
niger NCIM-705 has been found  most potential and
effective for the citric acid fermentation process. It
has been found that the coumarin, i.e., N-(7-
dimethylamino-4-methyl-3 coumarinyl) maleimide
at molar concentration, i.e.,  8.0 × 10-5M  has
stimulatory effect on  production of citric acid by
Aspergillus niger NCIM-705 and enhances the yield
of citric acid to an extent of  6.606% higher in
comparison to control fermentor flasks, i.e., 7.659 g/
100 ml under the optimized conditions, viz. 270C
temperature, 2.1 pH, 11 days of incubation period with
22% (w/v) molasses solution.

(Keywords:  Citric acid fermentation process,
N-(7-dimethylamino-4-methyl-3 coumarinyl)
maleimide and  Aspergillus niger NCIM-705)

Introduction

Coumarin is an organic compound that
has two six-membered rings fused together, with
one of the rings being a benzene ring and the other
containing an alkene functionality and an ester
functional group.

Certain substances effect the growth and
activity quite miraculously1-7. 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.37-47

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 authoresses have studied
the influence of   N-(7-dimethylamino-4-
methyl-3-coumarinyl)maleimide on citric acid
production by   Aspergillus niger NCIM-705

Experimental

The influence of N-(7-dimethylamino-
4-methyl-3-coumarinyl)maleimide on   citric
acid production by novel  Aspergillus niger
NCIM-705 isolate.

The composition of the production
medium for  citric acid production by novel
Aspergillus niger NCIM-705 isolate has been
prepared as follows :
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Control 9 5.720 3.710 -
(-) Coumarin 11 7.659 2.090 -

13 6.985 1.886 -
1.0x10-5M 9 5.822 3.680 -
(+) Coumarin 11 7.797 2.051 + 1.801

13 7.110 1.828 -
2.0x10-5M 9 5.851 3.620 -
(+) Coumarin 11 7.836 2.001 + 2.3151

13 7.145 1.796 -
3.0x10-5M 9 5.914 3.593 -
(+) Coumarin 11 7.920 1.986 + 3.407

13 7.222 1.782 -
4.0x10-5M 9 5.960 3.561 -
(+) Coumarin 11 7.982 1.956 + 4.217

13 7.278 1.721 -
5.0x10-5M 9 5.994 3.499 -
(+) Coumarin 11 8.028 1.901 + 4.817

13 7.320 1.690 -
6.0x10-5M 9 6.017 3.415 -
(+) Coumarin 11 8.112 1.873 + 5.914

13 7.348 1.610 -
7.0x10-5M 9 6.051 3.371 -
(+) Coumarin 11 8.058 1.801 + 5.209

13 7.390 1.573 -
8.0x10-5M** 9 6.097 3.319 -
(+) Coumarin 11 8.165*** 1.780 + 6.606

13 7.446 1.535 -
9.0x10-5M 9 5.960 3.391 -
(+) Coumarin 11 7.982 1.840 + 4.217

13 7.278 1.583 -
10.0x10-5M 9 5.868 3.425 -
(+) Coumarin 11 7.859 1.895 + 2.611

13 7.166 1.625 -
* Each value represents mean of three trials ** Optimum concentration of coumarin used
*** Optimum yield of citric acid (+) values indicate % increase in the yield of citric acid after 11
days. Experimental deviation (±) 1.5-3%

Table - 1
Citric acid production by novel  Aspergillus niger NCIM- 705

exposed to N-(7-Dimethylamino-4-methyl-3 coumarinyl) maleimide

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
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Molasses : 22% (w/v) NH
4
NO

3
 : 0.45%

KH
2
PO

4
: 0.45%, MgSO

4
.7H

2
O: 0.45%

pH : 2.1

The pH of the production medium was
adjusted to 2.1 by adding requisite amount of
KCl-HCl 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"  citric acid production by novel
Aspergillus niger NCIM-705 isolate

Now, the same production medium for
citric acid production by novel  Aspergillus niger
NCIM-705 isolate  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 N-(7-
dimethylamino-4-methyl-3-coumarinyl)
maleimide was prepared and from the above
coumarin 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 N-(7-dimethylamino-4-
methyl-3-coumarinyl) maleimide  in 1st,2nd,
3rd, 4th, 5th, 6th, 7th, 8th, 9th and 10th subsets
were approximately as given below :
A x 10-x M i.e., 1.0x10-5M  to 10.0x10-5M
Where
A = amount of chemical coumarin in ml
x=Molarity of the coumarin solution respectively.

The above fermentor flasks were then
sterilized, cooled inoculated, incubated at 320C
and analysed after 9, 11 and 13 days for citric
acid48 formed and molasses left unfermented.

Results and Discussion

The data recorded in the table-1 shows
that N-(7-dimethylamino-4-methyl-3-
coumarinyl) maleimide was found to be
significant for higher promotion of  citric acid
up to its concentration from 1.0x10–5 to
6.0 x 10–5 M and above this concentration the
citric acid production by novel  Aspergillus niger
NCIM-705 isolate  was found to be decreasing.
However,  citric acid production by novel
Aspergillus niger NCIM-705 isolate  used were
higher than that of control flasks.

The maximum yield of  citric acid  was
observed at 8.0 x 10–5 M concentration of  N-(7-
dimethylamino-4-methyl-3-coumarinyl)
maleimide  i.e., 8.165g/ 100 ml in 11 days of
optimum incubation period which is 6.606% higher
in comparison to control, i.e., 7.659g/100 ml in
the same experimental conditions and optimum
incubation period.

Vol. 25 (1&2) 2023 Citric acid production by novel  Aspergillus niger NCIM- 705 191
          exposed to N-(7-Dimethylamino-4-methyl-3 coumarinyl) maleimide

2. F. J. Duarte and L. W. Hillman (Eds.) : Dye
Laser Principles(Academic, New York,
1990).

3. F. P. Schäfer (Ed.):  Dye Lasers, 3rd Ed.
(Springer-Verlag, Berlin (1990).

References

1. R. John  Casley-Smith, Robert Gwyn
Morgan, and Neil B. Piller full content of
NEJM article. Treatment of Lymphedema of
the Arms and Legs with 5,6-Benzo-[alpha]-
pyrone. Volume 329:1158, October 14,  Number
16 (1993)



192 Manju and Manjushree Prasad J. Chemtracks

4. F. J. Duarte, Tunable Laser Optics (Elsevier-
Academic, New York,  Appendix of Laser
Dyes. (2003)

5. KP Link Circulation 19 (1): 97. PMID
13619027. http://circ.ahajournals.org/cgi/
reprint/19/1/97.(1 January 1959)

6. Farinola, Nicholas; Piller, Neil Lymphatic
Research and Biology 3 (2): 81  (June 1, 2005).

7. S.S.  Soman  and K.N. Trivedi, : Indian J.
Chem., Sect. B, 33, 1075 (1994).

8. Barton  D.H. R. , D.M.X.  Donney, J.P. Fincet
and P.J. Guiry : J. Chem. Soc., Perkin Trans.
1, 1365 (1992).

9. Knierzinger and O.S. Wolfbeis J. Heterocycl.
Chem., 17, 225 (1980).

10. Wolfbeis O.S.Monatsh.Chem.,108, 499 (1977)
11. Y. A. Pardanani, Y.A. Shaikh and K.N.

Trivedi, : J. Indian Chem. Soc., 52,45 (1979)
12. R.R. Shah and K.N.A Trivedi,: J. Indian

Chem. Soc., 56, 995 (1979).
13. V.K. Jain, Rohatagi and T.R. Seshadri, :

Tetrahedron, 23, 2499 (1967).
14. V.K. Jain,  Rohatagi and T.R. Seshadri, : Curr.

Sci., 35, 36 (1966).
15. M.M. Brady,  Healy and W.I.O' Sullivan,: J.

Chem. Soc., Perkin Trans. 1,1151  (1983).
16. M. Geoghigan, W. I. O'Sullivin and E.

Philbin, : Tetrahedron, 22, 3209  (1966).
17. A. Bye, H. K. King Bock Chemical Journal,

117, 237 (1970)
18. Y.A. Shaikh and K.N. Trivedi,: J. Indian

Chem. Soc., 49, 877(1972)
19. V.N. Dholakia  and K.N. Trivedi,:J. Indian

Chem. Soc., 50, 813 (1973)
20. V.N. Dholakia and K.N. Trivedi,  : J. Indian Chem.

Soc., 47, 1058 (1970)
21. Y.A.Shaikh and K.N. Trivedi, : J. Indian

Chem. Soc., 48, 1041 (1971)
22. Y.A. Shaikh and K.N. Trivedi, J. Indian

Chem. Soc., 48, 1161 (1971)
23. K.R. Shah  and K.N. Trivedi,: J. Indian Chem.

Soc., 52, 224 (1979)
24. V.K. Ahluwalia  and S. Mehta,  National

Acad. Sci. Lett., 2,9 (1979).
25. V.K. Ahluwalia  and D. Kumar,: Indian J.

Chem., Sect. B, 15, 18 (1977)

26. S.S. Soman  and K.N. Trivedi, : Indian J.
Chem., Sect. B, 32, 372 (1993).

27. K. Shah, N.S. bhatt,R.V. Raval  and V.M.
Thakore, : Curr. Sci., 53, 1241 (1984).

28. K.V. Rao and V. Sundaramurty, :Proc. Indian
Acad. Sci., Sect. A, 81, 118 (1975)

29. K. Ogawa, Kondo, S. Murari and N. Sonoda.
: J. chem. Soc., Chem. Commun., 1283(1982).

30. Ogawa,  N. Kembs, S. Murari and N. Sonoda,
: Tetrahedron, 41, 4813 (1985)

31. T. Mizuno, I. Nishiguchi, T. Hirashima, A.
Ogwa, N. Kembe and N. Sonoda, : Synthesis,
257 (1988)

32. G. Appendino, G. Cravoto, G.M. Nano and G.
Palmisano : Synth. Comon, 22, 2205  (1992)

33. Clerici and O. Porta,  : Synthesis, 99 (1993)
34. M.G. Townsend and E.M. Odam : Chem, Ind.,

274 (1976)
35. V.K. Ahluwalia, C. Prakash and R. Gupta, :

Chem. Ind., 116 (1980)
36. R. Knight and J.S.M. Mclntyre:Can. J.

Chem., 46, 1949  (1968)
37. W. Hutchinson and J. A. Tomlinson, :

Tetrahedron, 25, 2531 (1969)
38. O. Obascki, W.R. Porter and W.F. Trager.,:

J.Heterocycl. Chem., 19, 385 (1982)
39. W. R. Porter and W.F. Trager, : J. Heterocycl.

Chem., 19,  175 (1982)
40. N.J.Cussans and T.N. Herckerby :

Tetrahedron, 31, 2719 (1975)
41. J. Gaultier and C. Hanw, Acta Crystallogr.,

20, 646 (1966)
42. G.  Kumari J. Chemtracks 22(1&2) 255 (2020)
43. J. Valente, E.C. Lingafeter, W.R. Porter and

W.F. Trager, J Med. Chem.,20,1489  (1977)
44. H. Nakata, A.Tatematsu,H. Yoshizumi and S.

Naga, J.Chem.,Sec.,Perkin Trans.1,1924 (1972)
45. K.N. Sawhney and K.B.L. Mathur,: Indian

J. Chem., Sect. B, 14, 518  (1976)
46. M. H. Elnagdi, H.M. Fahmy, M.A. Morsi and S.K.

El-Ees, Indian J. Chem., Sect. B, 16, 295 (1978)
47. Tejaskar Amritesh and U. S. Singh  J.

Chemtracks 24 (1&2), 47 (2022)
48. J.R. Merchant and H.K. Desai Indian J.

Chem., 11, 433 (1973)
49. M. Dubois, KA. Gilles, J. K. Hamilton and

F. Smith Anal Chem. 28, 350 (1956)

An International Peer Reviewed Research Journal of Chemistry
Abstracted / Indexed in : Chemical Abstract U.S.A.
JC- 1547/2K23 (ISSN:0973-239X), INDIA
Journal Chemtracks Vol. 25 (1&2), 189-192, January to December 2023


