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STUDIES ON METHODS OF CITRIC ACID FERMENTATION FROM MOLASSES
BY ASPERGILLUS NIGER
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(Received December 30,1969; revised April 2, 1970)

A study of the effect of different concentrations of sugar and added inorganic nutrients and of different pH values
of the fermentation medinm on the citric acid production from cane molasses was made. The use of molasses in final
concentration of 12.5-15.0% sugar was found best. The initial pH ranging from 3.5 to 6.0 in the molasses solution
was found suitable for citric acid production. The concentration of added inorganic salts should not exceed 4.0 g
NaNO], 1.0 g KH2P04, 0.23 g MgS04.7H20, 0.02g FeCI3, 0.0012 g ZnS04 and 0.0012 g MnCh.H20 in the
fermentation of local cane molasses. At higher concentration of salts fungal growth increased and the citric acid.
production decreased. As a source of nitrogen, peptone was inferior to sodium nitrate and potassium nitrate whose
effect appears to be the same in the citric acid production.

Citric acid was first isolated and crystallised
from lemon juice by Scheele." The acid was
commercially produced from citrus fruits chiefly
in Italy. Wehmer- found that the citric acid was a
fermentation product of molds. Thorn and Currie.t
Currie,» and Doelger and Presscott> showed that
the citric acid could be produced in bulk from
fermentation by Aspergillus niger. Now-a-days
the citric acid comes almost wholly from the
fermentation industries of U.S.A., U.K., Germany,
France and Japan. A large number of patents
have been taken out in the field but the actual
methods at present in use in different countries
have not been made public in their entirety,
mainly because of the trade secrecy.

The (I) organisms, (2) inorganic salt require-
ments, (3) pH of the medium, (4) temperature, (5)
sugar concentration, (6) volume of the solution,
(7) air supply, (8) incubation period and (g)
surface or submerged culture methods are the
main considerations of a method of industrial
production of citric acid by fermentation.

Suitable conditions required for surface culture
method have been studied from the beginning
by many workers.a» In general, highest yields
of citric acid have been obtained in the fermenta-
tion medium adjusted to suitable pH with metal
concentrations deficient for optimal growth of the
fungus.

Citric acid which has many industrial uses is
now wholly obtained by imports from abroad.
The manufacture of citric acid can stop import
and as well as solve the problem of the economic
utilization of our molasses which are the chief raw
materials for citric acid industries. Here the
concentration of sugar and added inorganic nu-
trients, and initial pH value of the fermentation
medium made from local cane molasses have
been studied in order to find out optimum condi-

tions for the highest yield of citric acid during-
fermentation. Isolation of molds has also been
done in order to find out good citric acid fer-
menting strains of A. niger. Locally isolated
strains were compared with 2 strains OfIMI41874
and 1MI75353of A. niger obtained from Common-
wealth Mycological Research Institute, London ..

Method

The determination of citric acid followed the
technique of Taylor6 as modified by Hughes?'
and Solomos.f Sugars were determined accord-
ing to the method of Somogyi? as described by
Hockenhull and Herbert."?

Preparation of Inoculum.- The organisms were-
sporulated on the slanted medium of Waksman.
and Fred U in the test tube. Ten ml of sterilized
distilled water was added to the tube, shaken and
poured in the flask containing go ml sterilized
water. The spore suspension was added to the:
fermentation medium.

The fermentation was done during this experi-
mental work according to the surface culture
technique. The flasks after inoculation of spores.
were left undisturbed in the laboratory at room.
temperature which ranged from 24.0 to 31'5°C
depending on the season of the year. After the:
surface of the fermentation medium was covered
by fungal mat, the cotton plug was removed from
the flask. No extra air was supplied. Results-
of four experiments done under each condition
were close and the average results are shown in.
Tables 1-5.

Results and Discussion

. Isolation of Organisms.-The organism was isolat-
ed from the atmosphere in the laboratories of the
Department of Botany and from the soil and.
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TABLE I.-INITIAL SUGAR CONCENTRATION, TOTAL FUNGAL GROWTH, PRODUCTION OF CITRIC ACID
CONSUMPTION OF SUGAR RECOVERED AS CITRIC ACID PER 100 ml SOLUTTON.

Initial Total itric Sugar
Uliliz'd Total sugar

sugar fungal acid consu-
sugar re- r cov red as

can cent- growth produ- mcd covered citri acid
ration (dry wt. ced (g)

as citric (%)
(%) in g) (g) acid (%)

5 2.00 0.50 4·97 10.00 10.00
10 2.36 3.00 7.30 40.60 30.00
12·5 2·55 3·35 7·45 45.00 27.00
15 2.70 4.10 8.15 50.30 27.00
20 2.80 4.10 8.20 50.00 20,50
25 2.67 3.80 7.70 49.00 15.00
30 2·55 3·35 7.10 46.45 11. 15

TABLE 2.-INITIAL pH OF THE SOLUTTON, TOTAL FUNGAL GROWn-I, PRODUCTION OF CITRIC ACID,
CONSUMPTION OF SUGAR AND SUGAR RECOVERED AS CITRIC ACID PER 100 ml SOLUTION.

Initial TOlal
Utilized

pH of the fungal
Citric Sugar

sugar re- TOlal sugar
acid covered recovered asfcrmenta- growlh produced

can umed as citric citric acid
lion (dry wt (g)

(g) acid (%)medium in g) (%)

1.00
2.00 2.27 2.70 6.80 41.00 18.00
2·5 2·45 3.00 7.05 42.54 20.00
3.0 2.72 3.50 7.25 48.27 33·33
3·5 2.80 4.06 8. IO 50.12 27.06
4.0 2.90 4.10 8.25 50.35 27.70
4·5 2.87 4.04 8.25 49.00 26·93
5.0 2.85 4.00 8.25 48.78 27.00
5·5 2.88 4.06 8·34 48.68 27.06
6.0 2.88 4.00 8·35 47.90 27.66

TABLE 3.-DIFFERENT CONCENTRATIONS OF ADDED INORGANIC SALTS, TOTAL FUNGAL GROWTH,
PRODUCTION OF CITRIC ACID, CONSUMPTION OF SUGAR AND SUGAR RECOVERED AS CITRIC ACID

PER 100 ml OF SOL TION.

Utilized
Total sugarConcentration of Total fungal Citric a id

Sugar sugar
.added inorganic growth produced recovered recovered as

nutrition (dry wt in g) (g) consumed (g) as citric acid citric acid

(%) (%)

Single (control) 3.20 6.20 13.25 45.50 39.50
Double 4. IO 4.50 13.70 33.00 29·(0
Triple 4.50 3.20 14. IO 22.00 22.20
Half 2.00 3.20 7.78 45.00 23.20
Quarter 1.00 2·75 7.30 34.00 18.40
Nil 0.60 1. 74 7.00 25.00 I 1.50
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TABLE 4.-INFLUENCE OF DIFFERENT SUBSTANCESADDEDTO FERMENTATIONMEDIUM ON THE CITRIC
ACID YIELD.

Added nutrition
Total fungal Citric acid

growth produced
(g) (g)

4.62 4.20

4.60 4.25

2.00 2.36

4.30 4· 27

4.72 4.30

Control
NaN03 replaced by
KN03

NaN03 replaced by
peptone

Trace of Cu, B, Mo
added to control

Humus extract added
to control

Sugar
consumed

(g)

Utilized
sugar

recovered
as citric acid

(%)

10.50 40.40

10.70 39.30

5.80 40.60

10.80 39,50

10·75 40.40

Total sugar
recovered as

citric acid
(%)

28.10

TABLE 5.-CITRIC ACID PRODUCTIONCAPACITIESOF 17 STRAINSOF A. nzgar.

Total fungal Citric acid Sugar con- Utilized sugar Total sugar
Serial recovered recovered

No. Isolates growth production sumption as citric acid as citric acid(g) (g) (g) (%) ('Yo)

I. 1M 141874 2·95 3.63 8. IO 45. I 24.20
2. 1M 175353 3.00 3·93 8.00 49.68 26.20
3· CA2 2.85 3·93 7·99 49.68 26.20
4· CA3 2.92 4.05 8.07 50.18 27.00
5· CA4 2.61 3.80 7·go 48.23 25·33
6. CA5 3.00 4.10 8. IO 50.61 27·33
7· CA6 3. IO 3.50 8.12 43.00 23.00
8. CA7 2.g6 3.50 8.09 43.50 23.83
g. CA8 3.05 3.60 8. IO 44·44 24.00

10. CAg 3.07 3·35 8.00 41.87 22.23
II. CAIO 2.80 3·55 7·g2 44.82 23.66
12. CAlI 2·75 3.70 7·g1 46.77 24.66
13· CAI2 2.70 3,55 7·go 44·93 23.66
14· CAI3 2.6r 2.80 7.31 38.30 r8.66
15· CAI4 3.20 2.90 7.00 40.84 19·33
16. CAI5 3. IO 3. IO 7.20 43.00 20.60
17· CAr6 3.00 5.70 ro.oo 57.40 38.00

infected stale banana, lemon, jackfruit and coconut
kernel collected from the different parts of the
Dacca city.

a period of incubation a small number of scattered
colonies when old were found to be the same. The
pure cultures were maintained on agar slant.

The organisms were isolated from the different
sources in the Czapek's medium. 12 Spores of
black-headed colonies (characteristics of A. niger)
were transferred from petri dishes to the slanted
Czapek's medium in the test tube. Cultures were
purified by pouring very dilute suspension of spores
in petri dishes containing the medium. After

Morphological characteristics of all the isolates
of black molds were studied and 16 were identified
as A. niger. CAI, CA2, CA3, CA4, CA5, and
CA14 were obtained from the atmosphere, CA6,
CA7, CA8, CAg, and CAI5 from the soil, CAw
from banana, CAr rand CAl6 from lemon, CAl2
from jackfruit and CAl3 from coconut kernal;
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Effect of Initial Sugar Concentration oj the Molasses
Solution.-This exp rim nt was done to find out
th optimum c ncentrati n of total sugar in the
fermentation m dium of molasses solution [or the
maximum yield of itric acid. In Erlenmeyer
flask of 3 litres capacity, mola ses were diluted
with distilled water to contain 5, 10, 12.5, 15, 20,
25 and 30% of total sugar. 4.0 g NaN03, r.O o·

NaN03, 1.0 g KH2P04, 0.23 g MgS04.7H20,
0.02 g FeCI3, 0.0012 g ZnS04 and 0.0012 g
MnCI2.H20 were added to 1 litre of solution. T 3
The pH of th D rmentation medium was adjusted
to 4.0 by hydrochloric acid before . tcrilization,
Fivc hundred ml of the solution in each flask
was inoculated wi t.h 5 ml spore suspension mad'
from 7 day old culture of CA3. The flask was
left un listurbcd at room temperature. After
7 days it was again sterilized the liquid wa P" ssed
out from the fungal my cllium, the mye lium was
wash d in water, dri d and w igh d. The con-
tents of sugar and citric acid, and pH or th solu-
tion were determined after the experiment.

It appears from Table I that the dry weight of
fungal mat grad ually increased from 2.0 g in 5%
sugar to about 2.7% gin 15, 20 and 25% sugar.
The citric acid production increased from 0.5 g
in 5% sugar to 3.0 g in 10%, 3.~5 gin 12·5%,
4. I gin 15 and 20%, and then it 'lightly dccrca .ed
in 25 and 30% sugar. The sugar onsumption
incr ased from 4.97 g in the molasse elution
con taining 5 % sugar to about 7.40 g in the media
containing 10 and 12.5 %) sugar. It further
increased to about 8.20 g in sugar concentrations
or both 15 and 20% and then it slightly decreased
in both 25 and 30°/c>sugar concentrations. The
conv rsion of utilized sugar to citric acid increased
from 10% in the medium containing 5% sugar to
40 and 45% in the media containing 10 and
12.5% suzar respectively. It further increased
to about 50% in the medium of 15,20 and 25%
sugar and then it decreased in 30% sugar
concentration. The recovery of total sugar as
citric acid increased from 10% in the medium of
5(/'0 sugar to 30% in 10% sugar concentration
and then it decreased to 27% in the fermentation
media containing 12.5 and 15% sugar. It decreas-
ed harply in 20,25 and 30% sugar concentrations.

It appears from the experimental results that
the use of indigenous mola ses in final sugar con-
centration of 12.5 to 15.0% is the best for the
citric acid production from the considerations of
total sugar and utilized sugar recovered as citric
acid and total citric acid production (Table 1).
Currie+ advocat d the use of 12.5 to 15.0% of
sucrose in the citric acid fermentation medium.
Porgest+ obtained maximum production of citric
acid in 20% sugar solution and Doelger and

Prescott> in 14% u rose solution. 10la ses
solution in final sugar c ncentration of 10-20%
was report d as optimum for the citric a id fer-
mentation. IS

Effec: oj Initial pH of the Fermentation Medium.-
This experiment was p rlorrned to find out the
optimum initial pH values of the fermentation
medium required for the maximum yield of citric
acid. Five hundred ml molasses solution con-
taining 15% sugar and inorganic nutrients as
mentioned in the earli r experiment wa fer-
mented in eaeh conical flask or litre capacity by
CA3. The initial pH of th medium was ad-
justed to 1.0,2.0,2.5,3.°,3,5,4.0,4.5,5.0,
5 . .5 and 6. o. The experiment was conducted as
in the previous experiment.

There was no fungal growth at pJ-I I. 0 From
pH 2.0 to pH 4-.° the dry weigh t I' fungal ma t
gradually increased from 2.27 g to 2.90 g, the
citric acid produ tion, from 2.7 g to 4.10 g and
the sugar consumption, from 6.80 g to 8.25 g,
recovery of utilized sugar to citric acid, from 4.1%
to 50% and then all of them hardly changed at
pH 4.5-6. o. The conv rsion of total .ugar to
citric acid gradually increased from 18% at pH
2.0 to 33% at pH 3.0 and then it decreased to
about 27% at other pH valu (Table 2). The
pH C th solution deer as d after the experiment
and was found to vary between 2.32 and 2.46.

Experimental results show that initial pl I 3· 5-
6.0 ill the molasses solution may be used for the
citric acid fermentation (Table 2). 'he pH
range of 3.5 to 4.0 was found to be most satis-
factory by Sarker.v'' Sheikh et at.17 obtained
highest yield of citric acid with initial pH value of
6.5 when molasses solution was treated with
0.36% potassium Icrricyanide.

Effect oj Inorganic Nutrients Added to the Fermenta-
tion Medium==u: this experiment concentrations
of the inorganic nutri nts in the Grrncntation
medium were vari d in rder to investigate the
range of concentrations of various inorganic salts
whi h should be added to our local mola scs
.olution to obtain maximum yield of citric acid.
Similar to the previous experiments, 4.0 g NaN03,
1.0 g KH2P04, 0.23 g MgS04.7H20, 0.02 g
FeCI3, and 0.0012 g ZnS04 and 0.0012 g

fnCI2.H20 were added in 1000 ml solution in
the control which was compared with different
concentrations of salts, double, triple, half and
quarter and without addition of any inorganic
nutrients (nil). Five hundred ml molasses solu-
tion containing 15% total sugar at initial pH 4.0
was fermented in each flask of 3 litre capacity by
CA3. This experiment also was performed in the
same way as the previous experiments.
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It appears from Table 3 that from the single
concentration of nutrients to the triple concentra-
tion, a gradual increase from 3.20 to 4.50 g of the
dry weight of fungal mat, a gradual decrease from
6.20 to 3.20 g of citric acid production, a gradual
increase from 13.25 to 14. ro g of sugar consump-
tion, a gradual decrease from 45. 50 to 22 .00% and
from 39. 50 to 22.20% in the conversion of utilized
and total sugar respectively to citric acid took
place in roo ml solution during fermentation.
The dry weight of fungal mat was 2.00 g, citric
acid production was 3.20 g and sugar consumption
was 7.78% per roo ml medium containing 1/2 of
the concentration of inorganic salts and all of
them were further reduced in medium containing
1/4 of the concentration of inorganic salts and in
medium without added salts.

r It is evident from the experimental results that
I the citric acid production is the highest when 4 g
I Na ro; I g KH2P04, 0.23 g MgS04·7H20,
0.02 g FeCI3, 0.0012 g ZnS04 and 0.0012 g
MnCI2.H20 are added to I litre molasses solution.
I t appears that the fungal growth increases and
the citric acid production decreases when the
concentration of salts in the medium was raised
to double and triple (Table 3), and therefore,
it is suggested that the use of inorganic nutrients
should not exceed single concentration of salts as
used in these experiments.

Various observations have been made by a
number of investigators of the effects of different
concentrations of inorganic nutrients added to the
fermentation medium on the citric acid production.
NaN03 in 4 g in I litre solution was found to
be better than NH4N03 and (NH4hS04 by
PorgesI4 while Butkewitsch et a:» used KN03
in 3.5 g in order to obtain high yields of citric acid.
I t has also been shown that the strains of the fungus
used have a very important bearing on the salt
requirements. According to Quilico and
Dicapuaw the effect of iron on citric acid pro-
duction depends on the strain of A. niger used.
Aluminium, chromium, iron, manganese and
molybdenum ions stimulated the acid production
in some strains of A. niger but zinc, copper and
calcium ions inhibited the acid production20,21
Shu and Johnson22 reported that the trace of
manganese in the medium lowered the citric acid
production. Doelger and Prescott> reported
that 2.33 g NH4N03, I g KH2P04 and 0.23 g
l\1gS04.7H20 in I litre solution were most
satisfactory. Wells and Herrick-a suggested the
following limits: 0.30-1.00 g KH2P04, o. ro-
0,50 g MgS04.7H20 and 1.60-3.20 g NH4N03
per litre of solution. In general, it has been re-
ported that higher yields of citric acid were ob-
tained when the development of mycelium was
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restricted and not when stimulated and the sporu-
lation was light or nearly absent. These results
were recorded when a minimum quantity of
inorganic salts was used.24 It has also been
reported that for commercial purpose the source
of water supply should be carefully observed.

Effect of Various Inorganic Substances Added to the;
Fermentation A1edium.- This experiment was per-
formed to investigate the effect of various inorganic
and organic substances added to the fermentation
medium on the citric acid production. The control
which contained the single concentration of all the
inorganic salts used in the previous experiments
was compared when 4.0 g NaN03 was replaced
from the medium by (I) 3.5 g KN03 or (2) 6.0 g
peptone, and when (3) 0.0012 g/litre of copper,
boron and molybdenum or (4) humus extract
(8 ml/ roo ml) prepared by shaking humus with
water (saturated) was added in the control. The
experimental procedure was similar to that of the
previous experiments.

It appears from Table 4 that during fermenta-
tion there was hardly any difference in the dry
weight of fungal mat, citric acid production and
sugar consumption in the different fermentation
media except one containing peptone. In case of
peptone, the dry weight of fungal mat, citric acid
production and sugar consumption were reduced
and found respectively to be 2.0 2.36 and 5.8 g.
The recovery of citric acid from utilized sugar
varied from 39.30 to 40.60%. The conversion
of total sugar to .citric acid was about 28% in all
of them except III case of peptone where it was
16·73%·

Peptone nitrogen is inferior to sodium nitrate
and potassium nitrate nitrogen for the citric acid
production. The addition of copper, boron and
molybdenum to the fermentation medium did not
alter any result (Table 4).

Citric Acid Production Capacities of 1 7 Isolates of
A. niger. This experiment was performed to
compare the citric acid production capacities
of 2 strains obtained from Commonwealth
Mycological Research Institute, London and
15 strains obtained in this laboratory.
Five hundred ml molasses solution containing
15% sugar and single concen tra tion of different
salts as used in other experiments at initial pH 4
was fermented in each flask. The experimental
procedure was similar to other experiments.

I t appears from Table 5 that during fermentation
per 100 ml of solution, the dry weight of fungal
mat varied between 2.6 I and 3.20 g, citric acid
production, between 2.90 and 4. log sugar
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consumption, between 7.00 and 8.12 g and re-
covery of utilized sugar and total sugar as citric
acid, between 38.30 and 50.61%, and between
18.66 and 27.33%, respectively in strains number-
ing from 1 to 16. In strain CAI6 the dry weight
of fungal mat was 3.00 g citric acid production
5.70 g, sugar on umption 10.00 g, and the con-
ver ion of utiliz d and total sugar 57.40 and
38.00% respectively.

The fungal growth, citric acid production, sugar
consumption and conversion of utilized and total
sugar to citric acid did not show any remarkable
difference in different strains tested except CA16
where 57.40% of utilized sugar and 38% of total
sugar were r covered as citric acid. Industrially
citric acid w-ight yi .lds of 50-70% of added ugar
arc generally obtained." S

Acknowledgement.-The authors arc thank-
ful to Dr. M.A. Hannan, Senior Scientific Officer,
Atomic Energy Centre, Dacca, for his help in this
work.
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