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Abstract :  Itaconic acid is mainly used in the plastic
and paint industry. It is an unsaturated dicarbonic acid,
and can readily be incorporated into polymers and used
at a concentration of 1–5% (w/w) as a comonomer in
polymers. The efficacy of 4,5,7 trihydroxycoumarin
and 4,5,7-trimethylcoumarin was studied on itaconic
acid production by Aspergillus terreus SS-201. It has
been found that both the coumarins under trial has
stimulatory effect and has enhanced the yield of
itaconic acid to an extent of 6.561% and 9.152%
respectively in comparison to control.

(Keywords:  Itaconic acid, coumarins and

Aspergillus terreus SS-201 )

Introduction

Itaconic acid, or methylidenesuccinic
acid, is an organic compound. This dicarboxylic
acid is a white solid that is soluble in water,
ethanol, and acetone. Historically, itaconic acid
was obtained by the distillation of citric acid, but
currently it is produced by fermentation.

Intense research has been conducted to
produce environmentally friendly biopolymers
obtained from renewable feedstock to substitute
fossil-based materials. This is an essential aspect
for implementing the circular bioeconomy
strategy, expressly declared by the European
Commission in 2018 in terms of “repair, reuse,
and recycling”. Competent carbon-neutral
alternatives are renewable biomass waste for
chemical element production, with proficient
recyclability properties.

Itaconic acid is an organic acid that is

used as a platform chemical for the production
of various value added chemicals such as poly-
itaconic acid, resins biofuel components, ionomer
cements etc. Itaconic acid and its derivatives have
wide applications in the textile, chemical and
pharmaceutical industries. Recent trends in
itaconic acid research summarized in this paper
indicate that itaconic acid can be produced cost
effectively from sustainable raw materials and
have the potential to replace petro-based
chemicals in various applications. Itaconic acid,
or methylenesuccinic acid, is an organic
compound. Itaconic acid is a white crystalline
powder. Itaconic acid is a naturally occurring
compound, non-toxic, and readily biodegradable.
The name itaconic was devised as an anagram of
aconitic.

The variety of physiological effects of
natural coumarins is extensive. More than 500
coumarins exist in nature, although only a few
are usefully found in any particular plant family1–

11. Numerous physiological  effect of coumarins
are known but clear functions of these compounds
generally remains to be unknown12-18. Literature
survey reveals that a very few work has been done
on efficacy of coumarins on fermentation especially
itaconic acid fermentation19-22. Therefore, the
authoress has employed some coumarins on itaconic
acid production by Aspergillus terreus - SS-201

Experimental

The influence of 4,5,7-trihydroxy-
coumarin on  itaconic acid production by
Aspergillus terreus SS-201. The composition of
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the production medium for  itaconic acid
production by Aspergillus terreus SS-201 has
been prepared as follows :

Glucose : 22.0 g ;  MgSO
4
.7H

2
O : 0.35 g;

NH
4
NO

3
 :0.90 g ; KCl : 0.05 g ; NaCl :0.05g ;

KH
2
PO

4
 : 0.25 g ; pH  : 2.2.

The pH of the production medium was
adjusted to 2.2 by adding requisite amount of
NH

4
OH buffer solution. The production medium

was sterilized in an autoclave maintained at 15
lbs steam pressure for about 15 minutes and
cooled to room temperature.

The above composition medium
represents volume  of a fermentor flask, i.e.,
"100mL" production medium for itaconic acid
production by Aspergillus terreus SS-201 Now,
the same production medium for itaconic acid
production by Aspergillus terreus SS-201 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/100 solution of 4,5,7-
trihydroxycoumarin  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 4,5,7-trihydroxycoumarin 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., 1.0x10-4M : 2.0x10-4M, 3.0x10-

4M, 4.0x10-4M,5.0x10-4M, 6.0x10-4M, 7.0x10-

4M, 8.0 x 10-4M, 9.0x10-4M and 10.0x 10-4M.

A =  amount of chemical coumarin,  i.e., 1.0 ml to
10 ml, x = Molarity of the coumarin soln.

The above fermentor flasks were then
sterilized, cooled inoculated, incubated and
analysed after 7, 8 and 9 days for itaconic acid
formed23 by A. terreus SS-201

The experimental procedure for the
study of the influence of 4,5,7-trimethylcoumarin
to be incorporated in the production medium was
exactly the same as described above with the only
difference that in place of M/100 solution of
4,5,7-trihydroxycoumarin  under trials   4,5,7-
trimethylcoumarin was incorporated into the
production medium for itaconic acid production
by Aspergillus terreus SS-201

Results and Discussion

  The data recorded in the table-1 shows
the influence of  4,5,7-trihydroxycoumarin  on
itaconic acid production by Aspergillus terreus
SS-201. The results show that the compound
4,5,7-trihydroxycoumarin is not much benificial
and encouraging for the itaconic acid production
by Aspergillus terreus SS-201 and thus causes
slight enhancement in the production of itaconic
acid exposed to coumarin concentrations from 1.0
x 10–4 to 10.0 x 10–4 M.

The maximum yield of Itaconic acid was
found to be at 5.0 x 10–4 M concentration of
4,5,7-trihydroxycoumarin, i.e., 4.385g/100 mL in
8 days of optimum incubation period which is
6.561% higher in comparison to control
fermentor flasks, i.e., 4.115g/ 100 mL in the same
set of experimental parameters.
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 and 4,5,7-trimethylcoumarin

Table - 1
 Biotic production of itaconic acid exposed to 4,5,7-trihydroxycoumarin

Control – coumarin

1.0 x 10–4 M(+) coumarin

2.0 x 10–4 M(+) coumarin

3.0 x 10–4 M(+) coumarin

4.0 x 10–4 M(+) coumarin

5.0 x 10–4M(+) coumarin**

6.0 x 10–4 M(+) coumarin

7.0 x 10–4 M(+) coumarin

8.0 x 10–4 M(+) coumarin

9.0 x 10–4 M(+) coumarin

10.0 x 10–4 M(+) coumarin

–

(+)  1.360

(+) 3.742

(+)  4.009

(+) 4.374

(+) 6.561

(+) 2.211

(+)  1.944

(+) 1.579

(+) 1.142

*****

Concentration
of coumarin used

% Difference in the
yield of Itaconic acid

after 8days

*Yield of itaconic acidin g/100mL

 7 days 8 days 9 days

Table - 2
 Biotic production of itaconic acid exposed to  4,5,7-trimethylcoumarin

Concentration
of coumarin used

*Yield of itaconic acidin g/100mL

 7 days 8 days 9 days

* Mean of three observations,   ** Optimum concentration of coumarin
***  Optimum yield of itaconic acid, (+)ve values indicate % increase in the yield of itaconic acid
Experimental deviation (+) 1.5% to 3.5% **** Insignificant value

% Difference in the
yield of Itaconic
acid after 8days

2.249 4.115 3.610

2.278 4.171 3.656

2.332 4.269 3.743

2.339 4.280 3.754

2.345 4.295 3.765

2.395 4.385*** 3.844

2.298 4.206 3.689

2.291 4.195 3.678

2.282 4.180 3.664

2.274 4.162 3.650

 ****  **** ****

Control – coumarin

1.0 x 10–4 M(+) coumarin

2.0 x 10–4 M(+) coumarin

3.0 x 10–4 M(+) coumarin

4.0 x 10–4 M(+) coumarin**

5.0 x 10–4M(+) coumarin

6.0 x 10–4 M(+) coumarin

7.0 x 10–4 M(+) coumarin

8.0 x 10–4 M(+) coumarin

9.0 x 10–4 M(+) coumarin

10.0 x 10–4 M(+) coumarin

–

(+)  2.573

(+) 3.301

(+)  5.146

(+) 9.152

(+) 6.991

(+) 4.127

(+)  1.990

(+) 1.310

(+) 0.873

*****

2.260 4.119 3.616

2.316 4.225 3.706

2.328 4.255 3.735

2.373 4.331 3.800

2.463 4.496*** 3.941

2.395 4.407 3.865

2.350 4.289 3.764

2.302 4.201 3.684

2.289 4.173 3.663

2.277 4.155 3.644

**** **** ****
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The results of the influence of  4,5,7-
trimethylcoumarin on   itaconic acid production by
Aspergillus terreus SS-201 has been recorded in
the table-2. It is obvious from the results that the
presence of above coumarin in the production
medium has also enhanced the yield of itaconic
acid at its all molar concentrations.

It has been noticed that the presence of
above coumarin compound, i.e., 4,5,7-
trimethylcoumarin was found to be beneficial and
encouraging for the improved yield of itaconic
acid up to its concentration from    1.0x10–4M to
4.0×10–4 M but not so significant and above this
concentration the coumarin under trial has

retarded the yield of Itaconic acid. However, it
is interesting to note that itaconic acid production
by Aspergillus terreus SS-201 exposed to all the
experimental coumarin concentration, ie., from
1.0 x 10–4 M to 10.0x10–4 M of coumarin under
trial has been found to be slight better than the
control fermentor flask.

The maximum itaconic acid production
was observed at 4.0 x 10–4 M concentration of
4,5,7-trimethylcoumarin, i.e., 4.496g/100mL
which is 9.152% higher in comparison to control
fermentor flasks, i.e., 4.119 g/100 ml in 8 days
of optimum incubation period.
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