
Abstract: Fluorogenic compounds, i.e., coumarins
when used as biotic elicitors or in fermentation media
can impact citric acid production by fungi like
Aspergillus niger. Research on the impact of coumarins
on citric acid fermentation is important for developing
new strategies to improve the production of this
valuable industrial product. The impact of fluorogenic
compound, i.e., 7-hydroxy-4-(trifluoromethyl)
coumarin on biotic production of citric acid by
Aspergillus fumigatus AR-902, Aspergillus
parasiticus AR-904, Aspergillus awamori AR-861,
Aspergillus oryzae AR-962 and  Aspergillus niger
AR-953 has been assessed. It has been found that the
fungal strain Aspergillus niger AR-953 has been found
most effective for the upgradation of citric acid
production. It has been found that the flurogenic
compound, i.e.,7-hydroxy-4-(trifluoromethyl)
coumarin has stimulatory impact at molar
concentration of 4×10–5M and enhances the yield of
citric acid to an extent of 6.487% higher in comparison
to control, i.e., 6.859 gm/100ml under the optimized
parameters viz. 290C temperature, 1.8 pH, 11 days
of incubation period and 20% (w/v) molasses solution.

(Keywords :  Citric acid fermentation, fluorogenic
compound,  7-Hydroxy-4-(trifluoromethyl) coumarin
Aspergillus niger AR-953).

Introduction

  Coumarins can positively impact citric
acid production during fermentation, enhancing
yields. Different coumarins can have varying
impacts on citric acid yields1-7. While the exact
mechanism is not fully elucidated, coumarins are
thought to influence the metabolic pathways and
processes within the microorganism involved in
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citric acid production, leading to increased yields.
The ability of coumarins to enhance citric acid
production has potential implications for
industrial application allowing for increased
production efficiency and cost effectiveness8-13

During the recent past commondable
development towards citric acid fermentaion
exposed to some compounds14-30 like auxins,
gibberellins, cytokins,  PAOC, mutagens and
vitamins has been studied by several workers
but no attempt has been made for the class of
compounds especially dormins, flowering
hormones, miscellaneous natural substances,
synthetic growth retardants, miscellaneous
synthetic substances and most especially
phenolic substance, i.e.; coumarins. With the
expectation that coumarins might be useful in the
citric acid fermentation and its production
protocol, the final elucidation of coumarins
structure and its reactivity by introducing
different groups at 3 and 4 positions into the basic
skeleton of coumarins has been taken into
consideration for the successful fermentative
production of improved quality of citric acid.  In
view of the importance and good physiological
activities of the coumarins, the authors have
employed some coumarins on  production of citric
acid by  Aspergillus niger AR- 953.  Coumarins
are naturally occurring molecules with a versatile
range of activities. Their structural and
physicochemical characteristics make them a
privileged scaffold in medicinal chemistry and
chemical biology. Many research articles and
reviews compile information on this important



family of compounds.31-45

 Thus, from the above brief review it is
evident that coumarins are required for genetic
manupulation and exploitation specially for  citric
acid fermentation and in view of this the authors
have studied the influence of 7-Hydroxy-4-
(trifluoromethyl)coumarin on  production of citric
acid by Aspergillus niger AR- 953

Experimental
 The influence of 7-Hydroxy-4-

(trifluoromethyl) coumarin on  production of citric
acid by Aspergillus niger AR- 953. The
composition of the production medium for
production of citric acid by Aspergillus niger
AR- 953 has been prepared as follows :
Molasses : 20% (w/v), NH

4
NO

3
 : 0.66% KH

2
PO

4

: 0.66%, MgSO
4
.7H

2
O : 0.66%, pH : 2.1

Aspergillus niger

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" production of citric
acid by Aspergillus niger AR- 953. Now, the same
production medium of citric acid by Aspergillus
niger AR- 953 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  7-Hydroxy-
4-(trifluoromethyl) coumarin 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  7-Hydroxy-4-
(trifluoromethyl) coumarin  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

The above fermentor flasks were then
sterilized, cooled inoculated, incubated at 290C
and analysed after 8, 11 and 14 days for citric
acid46 formed and molasses47 left unfermented.

Results and Discussion

7-hydroxy-4-(trifluoromethyl)coumarin

The data recorded in the table-1 shows
that  7-hydroxy-4-(trifluoromethyl)coumarin was
found to be increasing up to its concentration
from 1.0 x 10–5 M to 4.0 x 10–5 M. It has also been
observed that gradual addition of 7-hydroxy-4-
(trifluoromethyl) coumarin to the fermentation
medium gradually increases the production of
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Table - 1
Impact of fluorogenic compounds on biotic production of citric acid

Concentrtion of
coumarin used

A × 10–xM

Incubation
period in

days

Yield of
citric acid*
in g/100mL

Molasses*
left Unfermented

in g/100 mL

% of citric
acid increased
after 11 days

Control 11 6.859 1.149 -
1.0 ×10-5M 11 6.948 1.096 + 1.297
2.0 ×10-5M 11 7.023 0.973 + 2.391
3.0 ×10-5M 11 7.174 0.823 + 4.592
4.0 ×10-5M**  11 7.304*** 0.693 + 6.487
5.0 ×10-5M 11 7.195 0.809 + 4.898
6.0 ×10-5M 11 7.105 0.896 + 3.586
7.0 ×10-5M 11 7.044 0.959 + 2.697
8.0 ×10-5M 11 6.955 1.049 + 1.399
9.0 × 10-5M 11 6.920 1.086 + 0.889

10.0 ×10-5M 11 6.893 1.106 + 0.495

* Each value represents mean of three trials ** Optimum concentration of coumarins used
*** Optimum yield of citric acid (+) values indicate % increase in the yield of citric acid after 11
days. Experimental deviation (±) 1.5-3%
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953.



11. G. Finn, E. Kenealy, B. Creaven, D. Egan
Coumarinyl aldehyde as a Michael acceptor type
of calorimetric & fluorescent probe for cyanide
in water. Cancer Letts. ; 18: 54 (2002)

12. W.C.  Meuly, Kirk-Othmer Encyclopedia of
Chemical Technology. 3rd ed. John Wiley and
Sons: New York 7, 196  (1979).

13. D. V. Lisa, M. M. Sebastiano, R. Paolo, Gia.
Ornella,  Biorg. Med. Chem. Lett., 12, 1253
(2002).

14. S. K. De  and A. S. Srivastava, : Zbl. Bakt. II
Abst. 135, 408 (1980).

15. S. P. Singh, and A. Prasad, : Indian J.agric Chem.
26, 107 (1993).

16. K.P. Kamal,  U. N. Verma, A. K. Nag,  and S. P.
Singh,  Asian J. Chem. 9, 886 (1997).

17. S. P. Singh, P.K. Chaurasia, R. Prasad, andA.
Ranjan, Oriental J. Chem. 14, 439(1998).

18. S. P. Singh,  U. N. Verma, H. K. K.  Kishore, and
G. Samdani, : Oriental J. Chem. 14, 133 (1998).

19. S. P. Singh,  J. K. Singh,  and K. P. Kamal, :
Vijnana Parishad Anusandhan Patrika 41, 179
(1998).

20. M. Sharma, F. R. Faizi, T. Kumari, S. Kumar,
A. K. Sinha, V.  Kumar and S. P. Singh  J.
Chemtracks 10(1&2)171  (2008).

21. S. Singh  and A. Singh   J. Chemtracks 12(1) 211
(2010)

22. S. Equbal, A. K. Sinha, S.M. Abdullah, A. K.
Ojha,  M. Kumari  and  S. P. Singh,  J.
Chemtracks 12(2) 519 (2010)

23. A. Kumar,  K. Ahmad,  L. K. Jha,  M. Kumari,
K. Sinha and S. P. Singh  J. Chemtracks 12(2)
509  (2010)

24. A. Kumar,  V. Mandal, K. Ahmad,  L. Kumar,
M. Kumari,  and S. P. Singh   J. Chemtracks
13(1) 75 (2011)

25. K. P. Kamal and A.K. Verma, : J. Chemtracks 1,
17, (1999)

26. A. Suraiya,  S. S. Chandra and S. P. Singh,  :
Vijnana Parishad Anusandhan Patrika 43, 269
(2000)

27. F. R. Faizi,  M. A. Khan,  P. K. Akhouri,  P. K.
Chaurasia, and S.P. Singh,  J. Chemtracks 5, 37
(2003).

28. F. R. Faizi, J. Chemtracks 5, 73 (2003).

29. F. R. Faizi, A. Khursheed, and S.P. Singh J.
Chemtracks 7, 117, (2005).

30. G. Xie,  and T.P. West  : Lett. Appl. Microbiol 43,
269 (2006).

31. W. H. Rizwi,  K. Ahmad, Z. Shahzada,  D.
Kumar,  A. Suraiya  and S. P. Singh  J.
Chemtracks 13(1) 143  (2011)

32. G. K. Mishra, R. K. Bharti, S. K. Verma, B. Singh,
N. P. Singh   and S.P. Singh  J.Chemtracks, 14 (1)
197  (2012).

33. S. Yadav, B. B. Sharma, W.H. Rizwi, B.P. Sinha,
R.A. Singh   and S. P. Singh  J.Chemtracks, 15 (1)
191 (2013)

34. P. K. Sinha, U.K. Prabhat, A.P. Kumar, R. Kumar,
S. Kumar, S.Kumari and S.P. Singh  J.Chemtracks,
15(1) 279 (2013)

35. Chandan Singh, N. Kumar, E. Jawaid, A. Kumar,
P. K. Sinha   and S. P. Singh   J.Chemtracks, 16
(2), 341  (2014)

36. F. Annunziata, C. Pinna, S. Dallavalle, L.
Tamborini, A. Pinto,  Int. J. Mol. Sci. 21, 4618
(2020)

37. I. Fotopoulos, D. Hadjipavlou-Litina,   A review.
Med. Chem., 16, 272 (2020)

38. D. Feng, A. Zhang, Y. Yang, P. Yang,   Arch. Pharm,
353 (2020)

39. D. Matiadis, M. Sagnou,   An up-to-date
overview. Int. J. Mol. Sci.  21, 5507 (2020)

40. X.F. Song, J. Fan, L. Liu, X.F. Liu, F. Gao,  Arch.
Pharm.  353 (2020)

41. Tushar Patel and Hiralal Pandeya Uariie, 3(2),
2395 (2017)

42. Subedar Yadav, Journal of Chemical and
Pharmaceutical Research 8(11), 249 (2016)

43. D. Chaudhary, P. Bedi, S. Sontro and T. Pramanik
Letters Org. Chem. 19, 362(2022)

44. L.X. Zhoo, Z.X Wang, Y.L. Zou, S. Gao, Y. Fu, F.
Ye. Pestic Biochem. Physiol. 177, 104897 (2021)

45. Abhishek Raj, V. P. Sahay, J. Chemtracks,
26(1&2) 139 (2024)

46. J. R. Mirror and M. Boulet J. Dairy Science, 41,
1683 (1983).

47. M. Dubois, K.A. Gilles J. K. Hamilton and F.
Smith, Anal Chem. 28, 350 (1956).

108  Abhishek Raj et al. J. Chemtracks

An International Peer Reviewed Research Journal of Chemistry
Abstracted / Indexed in : Chemical Abstract U.S.A.
JC- 1624/2K25 (ISSN:0973-239X), INDIA
Journal Chemtracks Vol. 27 (1&2), 105-108, January to December 2025


