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Background: Citric acid is produced in insignificant quantities in Iran. Despite its great range of utilizations, and from another aspect, 
high level of production of sugarcane bagasse, the related problems arising from maintenance of this acid require thinking of a measure 
in the direction of its optimal usage and production.
Objectives: The objective of the present study is to obtain effectual variables in producing citric acid from sugarcane bagasse through 
Solid State Fermentation (SSF) method using Aspergillus niger mold and to optimize its mass production by employing Taguchi method.
Materials and Methods: The effective parameters such as spore inoculation level, methanol percentage, solvent type, spore age, humidity 
percentage, initial pH of substrate, fermentation period and temperature, initial sugar percentage, autoclaving duration, nitrogen source 
and etc. were studied for producing citric acid from sugarcane bagasse with respect to Tagouchi method.
Results: By considering the findings obtained from the tests, the highest production rate of citric acid g/kg out of untreated sugarcane 
bagasse is 75.45 based on the consumed sugar and a yield of 15.1 g/kg of sugarcane was achieved per day. Application of sodium hydroxide 
and acid pretreated sugarcane bagasse increased the production of citric acid in such a fashion that the production rates were 97.81 g/kg 
and 87.32 g/kg of sugarcane bagasse, respectively, compared to sodium hydroxide and acid untreated sugarcane bagasse.
Conclusions: The obtained findings in the present study indicated that sugarcane bagasse is an ideal substrate in producing citric acid 
and the aforementioned process could be considered as a beneficial and cost-effective method in citric acid production.
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Implication for health policy/practice/research/medical education:
The obtained findings in the present study indicated that sugarcane bagasse is an ideal substrate in producing citric acid and the aforementioned pro-
cess could be considered as a beneficial and cost-effective method in citric acid production.
Copyright ©  2013, Ahvaz Jundishapur University of Medical Sciences; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Cre-
ative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Biotechnology is the science of utilizing live creatures’ 

vital forces for the purpose of yielding various products. 
One of these products to be mentioned is citric acid 
which exists naturally in plants and animals, and is pro-
duced by many molds, yeasts, and bacteria. For the first 
time in 1784, this acid was extracted from lemon juice in 
crystal form by Shiel, and Grimmoks. Another researcher 
by the name of Adams produced citric acid chemically in 
1880. Also in 1917, citric acid production through fermen-
tation got underway utilizing Aspergillus niger based on 
Curry’s studies, and today this method is used for indus-
trial production (1, 2).

In its industry, citric acid is one of the major fermented 

products which can be produced through three meth-
ods: floating culturing, superficial culturing, and solid 
state fermentation (SSF). The phrase “solid state” is used 
for an environment within which an organism freely 
grows on solid substances devoid of any liquid. Approxi-
mately one fifth of citric acid production in Japan is done 
by solid state culturing method (3-5).

Considering various applications of citric acid in dif-
ferent industries and the intense competition existing 
throughout the different regions of the world among 
producers of this product, many attempts have been 
made in order to diminish its production costs. Concern-
ing this matter, numerous studies have been conducted 
with the intention of using food remnants to make cit-
ric acid. To exemplify some, remnants of apple, grapes, 
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coffee, dates, corn cob, sugarcane molasses, wheat straw 
and moss may be mentioned.

 Although the industrial production of citric acid ap-
proximately began during 1920, it presently has a very 
low production level with respect to its abundant con-
sumption in Iran and a great deal of the country’s cur-
rency is annually allocated to its import. On the other 
hand, the high level of sugarcane bagasse production af-
ter the completion of Khuzestan province projects (three 
million tons per year) and the problems caused due to 
its storage require a comprehensive measurement in the 
direction of its optimized utilization and citric acid pro-
duction (6-16).

Designing trials for a statistical method in assessing the 
effects of various parameters upon one variable is the 
answer. Fundamentally, designing trials from the com-
mon methods of data collection regarding the effects 
and answers is more effectual and unabridged. More es-
pecially, it has been proven that the preliminary method 
for surveying the effectiveness of a factor while the other 
factors are kept constant has less efficiency. In designing 
trials, different factors, which are envisaged to be more 
effective upon a process while considering the acceptable 
limits (levels) for them, are selected. In this event, any 
combination of the quantities of factors is regarded as a 
method. The objective of finding a specific composition 
of any given factor level is what brings about the most de-
sirable effect on the process. Detecting the fact that what 
sorts of entering and exiting variables have constituted 
the process under scrutiny is essential. As usual, the ob-
jective is to improve an exiting variable commonly called 
the corresponding variable (2, 4, 6).

Taguchi Method suggests 12 trials for examining 11 fac-
tors at two levels. By considering a total number of all 
possible combinations involving these 11 factors at two 
levels, 2048 trials (211 = 2048) are necessary to include all 
possible situations (complete factorial). However, while 
using statistical methods from the total number of 2048 
trials, Taguchi Method specifies and suggests a total of 12 
trials which possess the 12 involving factors within much 
effectiveness.

2. Objectives
Regarding the cost and considering the level of pro-

duction in sugar plants, especially in Khuzestan region, 
sugarcane bagasse is an extremely suitable substrate 
for citric acid production. One of the advantages of SSF 
compared to supernatant fermentation is reductions 
in industrial sewage, production cost, and volume of 
wastes. The objective of the present study is to obtain ef-
fectual variables in producing citric acid from sugarcane 
bagasse by SSF method using A. niger and to optimize its 
mass production.

3. Materials and Methods

3.1. Microorganism
The microorganism under investigation was A. niger 

PTCC 5010 (ATCC 9142) which was obtained from the De-
partment of Scientific and Industrial Research of Iran. 
The microorganism was grown on specific Potato Dex-
trose Agar (PDA, Merck Company, USA) culture media, 
slants, and it was incubated at 30°C for five days. The cul-
tures were later refrigerated at 4°C. In order to prevent 
inactivity and possible contamination of the inoculums, 
new subcultures were prepared every month. For the 
purpose of preparing spore suspension, sterile distilled 
water was added to the 4-day old or 6 day-old cultures. 
After separating spores by immersing them in sterile dis-
tilled water, spore count was performed by microscope 
using Neubauer slide method and the desired densities 
were obtained.

3.2. Substrate
The sugarcane bagasse used in this study was obtained 

from Haft-Tapeh sugar plant in Khuzestan province and 
it was stored at room temperature. The grain size was 
considered to be between 1 to 1.6 mL. Appropriately punc-
turing the medium lids facilitated and optimized oxygen 
penetration, as well proper ventilation of the heat pro-
duced during fermentation process (17). With the reduc-
tion of the grains’ size, their interspaces dwindled and 
their tendency for compaction increased. As a result, a 
decrease occurred in the transport of oxygen mass. On 
the other hand, with the enlargement of the grains, the 
chance for the microorganisms to access bagasse grains 
was reduced. Therefore, by considering the produced re-
search findings, the sugarcane bagasse was grinded.

3.3. Fermentation Process
From the completely dried substrate, 4 g were emptied 

into a 250 mL Erlenmeyer flasks and after setting their 
pH on 4 or 5.5, moisture on 65% or 75%, initial sugar on 
14% or 18% (v/v), urea source on 2% or 4%, and methanol 
on 3% or 4% (v/v), they were sterilized in an autoclave at 
121°C for 20 or 90 minutes. (In order to sterilize urea, a 
filter with pores of 2 µm in diameter was used instead of 
autoclaving. After the Erlenmeyer flasks cooled, the fil-
tered solution was added to them, in order to avoid urea 
degradation. In the present study, autoclave was used 
to implement steam parameter on bagasse substrate so 
that both processes of steaming and sterilizing could be 
performed simultaneously. Therefore, periods of 20 to 90 
minutes are for autoclaving the raw materials instead of 
15 minutes for implementing steaming parameter). After 
drying in sterile conditions, a spore suspension with the 
counts of 1 × 105 or 1 × 107 (spore/mL) was inoculated into 
each flask. The inoculated flasks were incubated at tem-
peratures between 25°C and 30°C for 4 to 5 days.

3.4. Leaching
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Extraction of the produced citric acid from the solid 
state fermented mediums was performed by adding ster-
ile distilled water at two stages or by single-stage addi-
tion of sterile distilled water and single stage-addition of 
acetone with volumes of 150 mL per each medium, and 
thoroughly mixing for 30 minutes. The liquid-solid phase 
separation process was then continued with the aid of fil-
tering and centrifuging. After this stage, the levels of the 
yielded citric acid and the remaining sugar existing in 
the liquid phase were measured.

3.5. Determining Methods
pH determination was conducted by a pH-meter, using 

10% aqueous solution. The initial and remaining sugar 
levels were measured by dinitrosalicylic acid (DNS) meth-
od while the level of citric acid was measured using acetic 

anhydride pyridine method (18, 19).

3.6. Taguchi Design Method
The very first step in this method is to recognize those 

variables which significantly influence the production of 
citric acid with A. niger mold. For the purpose of intensi-
fying the growth of A. niger mold and increasing its sub-
sequent citric acid production, effective factors and their 
related levels were selected based on previous studies. 
The assessed factors include the medium conditions and 
the environmental factors which are displayed in the fol-
lowing tables. These tables demonstrate Taguchi design 
for conducting 12 trials along with 11 variables at two lev-
els. Number one is indicative of the low level and number 
two is indicative of the high level of each variable (Tables 
1 and 2). 

Table 1. Utilized Parameters and Their Levels in Implementing Taguchi Method for the Production of Citric Acid Using Bagasse Sub-
strate in Solid State Fermentation

Level 2 Level 1 Limit Processing Parameter Symbol of Parameter

107 105 105- 107(spore/mL) inoculation level A

4% 3% 3% - 4% methanol percentage B

Acetone solution water acetone-water solvent solvent type C

6 d 4 d 4 - 6d spore age D

75% 65% 65% - 75% moisture percentage E

5.5 4 4- 5.5 initial pH F

5 d 4 d 4 - 5 d fermentation period G

30°C 25°C 25°C - 30°C fermentation temperature H

18% 14% 14% - 18% initial sugar I

4% 2% 2% - 4% nitrogen source J

90 min 20 min 20 to 90 min steam implementation period K

Table 2. Optimized Quantities and Parameters Which Were Predicted by Taguchi for Higher Citric Acid Production Quantities Using 
Sugarcane Bagasse Substrate

Optimized Quantity, Pre-
treated With Acid

Optimized Quantity, Pre-
treated With Alkaline

Optimized Quantity, un-
Pretreated

Trial

105, cfu/mL 105, cfu/mL 105, cfu/mL Inoculation, %

4% 4% 4% Methanol, %

50% acetone solution 50% acetone solution 50% acetone solution Solvent type

6 d 6 d 6 d Spore age

65% 65% 75% Moisture, %

4 5.5 5.5 Initial pH

4 d 5 d 5 d Fermentation period

25ºC 30ºC 30ºC Fermentation temperature

18% 18% 14% Initial sugar, %

90 min 20 min 20 min Steam implementation period

- - 4% Nitrogen source percentage

1 N - - Acid normality

- 1 M - Alkaline molarity
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4. Results

4.1. Methanol Effect
The findings exhibit that the high level of methanol (4% 

v/v) yields the maximum amount.

4.2. Initial Moisture Effect
With respect to the obtained findings, it is specified that 

the highest yields arise from the untreated bagasse at 65% 
moisture, while for sodium hydroxide and acid pretreat-
ed bagasse at 75% moisture, respectively.

4.3. Fermentation Temperature and Time Effect
The optimum fermentation temperature for citric acid 

production in this study was determined to be 30°C for 
both untreated and sodium hydroxide pretreated ba-
gasse, whereas 25°C is optimum for acid treated bagasse. 
The fermentation time for five days was also considered 
for both untreated bagasse and sodium hydroxide pre-
treated bagasse, while it was five days for acid pretreated 
bagasse.

4.4. The Effect of Spore Age and the Level of 
Inoculation

For the purpose of high yields of citric acid from sugar-
cane bagasse, A. niger was grown on PDA slant media for 
a period of 6 days. A quantity of 105 (Spore/mL) from the 
organism was inoculated on the media.

4.5. Sugar Concentration Effect
According to the obtained findings, the suitable initial 

sugar concentration for the highest citric acid yields is 
18% (v/v).

4.6. The Effect of Acetone Utilization on Leaching 
Process

The present study revealed that in comparison to water, 
acetone has a greater influence in the extraction process.

4.7. The Effect of Adding a Nitrogen Source
Studies have shown that the highest yields of citric 

acid production from sugarcane bagasse are obtained 
through the addition of urea up to 4% (v/v) as a nitrogen 
source.

4.8. The Effect of Steam Application Time
The findings from the present study exhibited that a 

period of 20 minutes was the steam application time for 
untreated bagasse and sodium hydroxide pretreated ba-
gasse. A period of 90 minutes was the steam application 
time for acid pretreated bagasse which yielded the high-

est quantity of citric acid.

5. Discussion
In the present study, citric acid production from sugar-

cane bagasse with A. niger mold was studied through SFF 
method. Using methanol with the intention of augment-
ing the production of citric acid was first implemented 
by Moyer in 1953. Methanol intensifies the outbound per-
meability of the cellular walls for secretion of citric acid. 
The methanol’s effect in producing citric acid depends 
on osmotic pressure. From another aspect, methanol op-
erates as a source of carbon (17, 19, 20).

One of the important and effective factors in SSF is the 
initial moisture of the substrate. The osmotic pressure 
of a substrate is determined by the substrate’s nature, 
its biological needs, and the final product. Excessive rise 
of moisture level causes reduction in grains’ interspaces 
and failure in transport of air mass. In contrast, excessive 
drop of moisture level causes a decrease in transport of 
air mass and thus causing a reduction in the production 
yields (6, 21-23).

Citric acid production has a maximum point with re-
spect to temperature and time. Crossing beyond this 
maximum point, the growth and intensive sporolation 
of the microorganism cause a halt in the overall growth, 
and consequently the production of citric acid decreases. 
At the time of fermentation, it is not a simple task to sug-
gest a particular model for growing the microorganism 
on a solid state because such growth is more similar to 
the one in the natural environment and the quantities of 
the ideal nutrients available in the substrate are not suf-
ficient (24, 25).

Fernandez and his colleagues suggested that the high-
est level of citric acid is produced when the age of spores 
is less than seven days, because older spores tend to con-
sume the initially produced acid before the fermentation 
process is completed (25). The increase in the number of 
inoculated spores primarily increases the level of acid 
production, however, in the long run this increase tends 
to force the process toward cellular crowding and to fa-
vor the consumption of sugar for biomass reproduction, 
thus resulting in a reduction in production of citric acid. 
The excessive reduction in the level of inoculation also 
causes prolongation in the adaptation phase, therefore 
decreasing an ideal outcome (24, 26).

The effective sugar concentration for industrial fer-
mentation must be %14 to 22% in SSF method. Since the 
dissolved sugar concentration in the sugarcane bagasse 
being utilized was at 2% to 3% and it was lower than the 
required limit, sugarcane molasses was used to increase 
the initial sugar concentration in the substrate (27). 
Leaching of citric acid with acetone led to an increase in 
the extraction percentage with respect to water and con-
sidering the low boiling point of this solvent (56.2°C), its 
recovery and reutilization are conceivable (28).
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When A. niger is added to a medium which is either low 
in or free of nitrogen, it produces as much oxalic acid 
as citric acid. However, an increase in nitrogen source 
produces opposite results and it causes an increase in 
microorganism’s growth and a decrease in citric acid 
production (24). Subjecting the substrate to steaming 
could function as a physical pretreatment. For this rea-
son, steaming becomes the cause in increasing citric acid 
production. Pretreatment with steam causes breakage of 
hemicellulos and pectinaceous acetyl and formil groups 
bonds, depolymerization of lignin, and increase in both 
the cellular wall permeability and the water storage ca-
pacity for bagasse substrate (29).

By noting the findings which were achieved, this fact 

was established that through implementation of a pre-
treatment process on sugarcane bagasse, the level of acid 
citric production dramatically increases. Among the pre-
treatments implemented on sugarcane bagasse, pretreat-
ment with sodium hydroxide produced the best result in 
such manner that citric acid production increased from 
75.45 g/kg to 97.81 g/kg while the output for production 
with pretreatment with sodium hydroxide was reported 
at 98.2%. But, on the other hand, the production output 
in pre-treating with acid, amounting to 21.8 g/kg of sub-
strate per each day, was higher than other testing con-
ditions. Optimization of the environmental conditions 
plays a significant role in the production process of citric 
acid; increasing production output drastically (Table 3). 

Table 3. Confirmation of Predicted Results by Designing Optimized Taguchi Method for Higher Citric Acid Quantities Production 
Using Sugarcane Bagasse Substrate

Pretreated Bagasse Bagasse Pretreated with Acid Bagasse Pretreated With 
Alkaline

Trial

14% 18% 18% % of initial sugar

0.283 0.47 0.486 sugar absorption

5.78% 7.64% 7.8% % of remnant sugar

0.189 0.215 0.238 acid absorption

1 1.16 1.3 acid yield, g/L

75.45 87.32 97.81 acid yield, g/kg

1.07 1.35 1.33 sugar consumption, g/L

94 86.3 98.2 efficiency

15.1 21.8 19.6 outcome, g/kg/d

By assessing the obtained findings and considering the 
fact that for citric acid production, sugarcane bagasse is 
an appropriate substrate from the cost point of view, it 
is highly possible to consider this process as a beneficial 
and cost-effective method. Additionally, after leaching 
and extracting citric acid from fermented cultures, and 
destroying microorganisms, remnant materials could be 
used as animal food because SSF decreases the concentra-
tion of anti-nutritional factors in such materials.
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