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ABSTRACT 

In this study, the optimum growth conditions for citric acid production using agro waste 

sample was determined. Solid state fermentation was employed using Aspergillus niger to 

ferment the substrates. A solid state fermentation was developed to produce citric acid using 

the agro waste Irvingia gabonensis (Wild mango) peels as substrate. Response Surface 

Methodology was employed for the optimization of the fermentation conditions namely 

fermentation time, broth pH, and inoculum size. These variables were optimized using a 24 

factorial CCD (Central Composite Design) comprising 20 experimental runs. These were 

used to develop a statistical model for the optimization of the fermentation conditions. The 

results yielded an optimum inoculum size of 2.5 ml, fermentation time of 112 and pH of 3.3. 

And the maximum yield of 0.78 g/l was gotten from Irvingia gabonensis (Wild mango). The 

value of the regression coefficient R
2
 =71.13% which indicates that 71.13% of the variability 

in the response could be explained by the model. Thus, the study revealed that A. niger can 

produce citric acid using the agro waste Irvingia gabonensis (Wild mango) peels as substrate. 

This process encourages an effective method of waste disposal. 

 

Keywords: Citric acid, Solid state fermentation, Aspergillus niger, Optimization, Irvingia 

gabonensis (Wild mango) peels. 

 

 

 

 



International Journal of Advanced Academic Research | ISSN: 2488-9849 

Vol. 7, Issue 9 (September, 2021) | www.ijaar.org 

 

2 

 

INTRODUCTION 

Citric acid, or 2-hydroxy-propane-1,2,3-tricarboxylic acid is one of the most important 

naturally occurring weak organic acids found in all citrus fruits. Among the organic acids 

industrially produced, acid is that the most vital in quantitative terms. Citric acid is 

commonly used as a preservative, acidulant, antioxidant, flavour enhancement, emulsifier and 

buffer in food industry. For these reasons, it continues to be used as a common ingredient in 

various foods (Archer, 2000).  

About 70 % of total citric acid produced is consumed by the food industry, 12% and 18% are 

used by the pharmaceutical industry and other industries, respectively (Soccol et al., 2003).  

Production of acid has been done by several physical and chemical methods. However, such 

conventional methods are expensive, complex and not eco-friendly (Yin et al., 2017; Yu et 

al., 2018). The fungus Aspergillus niger is the most commonly used organism to produce 

citric acid because of its relatively high yield (Haq et al., 2001). Citric acid has been 

produced industrially by the submerged fermentation using Aspergillus niger. A. niger has 

been used commercially for the primary time in 1923 for citric acid production. In order to 

decrease the value of acid production employing A. niger, solid state fermentation has been 

studied as a possible alternative to submerged fermentation. Solid state fermentation (SSF) 

requires less energy, provides a higher yield, exposes the process to lower risks of bacterial 

contamination and generates less wastewater for a lower environmental impact (Kumar et al., 

2003). 

Accordingly, SSF might be the well liked process for the production of citric acid from sugar 

rich wastes, such as fruit, sugar cane residues and agro wastes such as pineapple waste, 

banana peels etc. 

The Irvingia gabonensis (Wild mango) peels is an example of solid substrates that can be 

used for solid state fermentation. The mango-like fruits are valued for their dietary-fiber, fat 

and protein rich seeds. The consumption of Irvingia gabonensis seeds is common in West 

Africa countries and for centuries, have been part of the local diets (Spindler et al., 1985). 

The fruit wastes do not have any important use. Furthermore, they are usually disposed off 

inappropriately particularly in less developing countries, thereby causing environmental 

problems. The waste can serve as an ideal substrate for citric acid fermentation via SSF. The 

production of citric acid has been reported to be influenced by fermentation conditions such 

as type and composition of fermentation medium, agitation rate, aeration, temperature, pH etc 

(Amenaghawon et al ., 2014). 

Experimental design methods coupled with response surface methodology (RSM) have been 

reported to be very effective in achieving optimization of fermentation conditions and have 

been successfully applied to the optimization of many bioprocesses (Montgomery, 2005). 

Hence the objective of this study was to optimize the fermentation conditions for citric acid 

production from Irvingia gabonensis (Wild mango) peels using Aspergillus niger.  

 

METHODOLOGY 

Sample collection/Preparation 

The sample Irvingia gabonensis (wild mango) peels was purchased from Relief Market in 

Owerri, Imo State, Nigeria. Sample was properly labeled in sterile polythene bags and 
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transported to the Microbiology laboratory for sample preparation and analysis. The sample 

were sun dried and cut into 2 mm mesh size. 

Microrganism and inoculum preparation 

Aspergillus niger strains from soil samples were isolated using soil dilution plate technique.  

Ten grams of each soil sample was suspended in 90 ml of sterile distilled water. One ml of 

the sample was taken and serially diluted into 5 test tubes each containing 9 ml of sterile 

distilled water. O.1 ml of the sample was taken from 10
-2

, 10
-3

, 10
-4

 dilutions and was spread 

plated on each plate containing sabourand dextrose agar medium and incubated. 

Spores were harvested by flooding the plates with sterile distilled water containing 0.05% 

Tween 80 as a wetting agent, after which spores were scraped from the surface of the 

colonies with a sterile spatula. The resulting suspension was shaken in a 100ml Erlenmeyer 

flask to break up the spore chains, after which the suspension was adjusted to an optical 

density of 0.5 at 530 nm (Espinel and Kerkering, 1991). 

Determination of inoculum size  

The spore density was measured using Nuebauer counting chamber following the procedure 

described by Blessing et al. (2018). Using the formula stated in equation 1 below, the number 

of spores was calculated. 

Cell (spore ml
-1

) = N X DF X10
4
      --------- (Equation 1) 

                                  A X D 

 

Represented with letter A is the area counted = 5 x 1 m
2
; Represented with letter D is depth 

of the counting chamber = 0.1 mm; Represented with letter N is the number of cells counted; 

DF represents the dilution factor. 

The supernatant were used as inoculum after measuring its spores concentration of 1.32 x 10
6
 

spores per ml using Nuebauer counting chamber. 

Solid state fermentation 

To 10g of substrate in Erlenmeyer flask (250 ml), 40 ml stock mineral salt solutions were 

prepared and added to give a final salt concentration of (g/l): ( NH4)2SO4, 5; KH2PO4, 5; 

MgSO4 .7H2O, 1; FeSO4.7H2O, 1 and sucrose 10 g (Dhandayuthapani, 2009). The flasks 

were sterilized by autoclaving at 120
o
C for 20 minutes. The flasks were cooled to room 

temperature and inoculated with spore suspension containing about 1.32x10
6
 spores per ml 

and incubated at room temperature for 120 hrs. One hundred milliliters (100 ml) of water was 

subsequently added to the flask and shaken for 60 minutes to extract the impregnated citric 

acid. The broth was filtered, centrifuged at 1500 rmp for 15 minutes and the supernatant was 

analyzed for citric acid content (Vandenberghe et al., 2000). 

Quantitative analysis of citric acid  

Citric acid was determined by spectrophotometer at 420nm after adding pyridine and acetic 

anhydride. For 1 ml of sample, 1.3 ml of pyridine and 5.7 ml of acetic anhydride were added 

to develop colour and the results obtained were read off a standard curve previously made 

(Marrier and Boulet, 1958). 

 

Experimental design 

A 2² factorial full central composite design for three test variables, each at six levels with 

eight star points and six replicate at the centre indicating 20 experimental runs was 
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implemented with Minitab version (17) statistical software. The alpha value used was 

1.68179. The inoculum size, fermentation time and pH were restricted within the range that 

gave the best yield of citric acid in a preliminary study. The test variables were coded with 

the equation:    

 

 

xi  =  Coded value  of independent variables, Xi   =  actual values of independent variables,      

Xo   =  actual value of independent variable at central point,  Δxi  = step change  

The regression equation was used to estimate the response of the dependent variable, which is 

an algebraic representation of the regression line and describes the relationship between the 

response and predictor variables. The regression equation takes the form of: 

Response = constant + coefficient * predictor + ... + coefficient * predictor  

or y = bo + b1X1 + b2X2 + ... + bkXk 

Where: 

·    Response (Y) is the value of the response. 

·    Constant (bo) is the value of the response variable when the predictor variable(s) is zero.  

The constant is also called the intercept because it determines where the regression line 

intercepts (meets) the Y-axis. 

·    Predictor(s) (X) is the value of the predictor variable(s). The predictor can be a 

polynomial term. 

·    Coefficients (b1, b2, ... , bk) represent the estimated change in mean response for each unit 

change in the predictor value. In other words, it is the change in Y that occurs when X 

increases by one unit.  

Mintab software was used for regression and graphical analysis of the experimental data. The 

goodness of fit of the model was evaluated by the coefficient of determination (R
2
) and 

analysis of variance (ANOVA). The optimum values of the variables tested were obtained by 

numerical optimization based on the criterion of desirability (Amanaghawon et al., 2015). 

RESULTS AND DISCUSSION 

Statistical Analysis   

Table 1 shows the result of the 20 experimental runs carried out according to CCD (Central 

Composite Design). Showing the coded value, the actual values and the response (citric acid 

concentration). 
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Table 1: Central Composite Design matrix for citric acid production  

   Factors       Response 

 Coded  Values  Actual  values  Citric acid conc. 

(g/l) 

Run 

no 

A B C A B C  

1 -1 -1 1 1.50 48.00 6.00     0.462 

2 1 -1 -1 2.50 48.00 4.00     0.413 

3 0 0 0 2.00 72.00 5.00     0.540 

4 -1 -1 -1 1.50 48.00 4.00     0.397 

5 1 1 1 2.50 96.00 6.00     0.388 

6 0 0 0 2.00 72.00 5.00     0.236 

7 0 1.68179 0 2.00 112.36 5.00     0.538 

8 -1 1 -1 1.50 96.00 4.00     0.220 

9 1 -1 1 2.50 48.00 6.00     0.489 

10 -1 1 1 1.50 96.00 6.00     0.335 

11 0 0 0 2.00 72.00 5.00     0.371 

12 0 0 0 2.00 72.00 5.00     0.306 

13 0 -

1.681793 

0 2.00 31.64 5.00     0.389 

14 0 0 0 2.00 72.00 5.00     0.460 

15 0 0 0 2.00 72.00 5.00     0.420 

16 1.681793 0 0 2.84 72.00 5.00     0.290 

17 0 0 -

1681793 

2.00 72.00 3.31     0.830 

18 1 1 -1 2.50 96.00 4.00      0.465 

19 -

1.681793 

0 0 1.16 72.00 5.00     0.253 

20 0 0 1.681793 2.00 72.00 6.68179     0.428 

        

A= Inoculum size 

B= Fermentation time 

C= pH 

The significance of the fit of the model was accessed by performing analysis of variance 

(ANOVA) which is shown in table 2. 

The model was statistically significant as seen from the low p value (p<0.05). The lack of fit 

of 0.738 indicates that the model did not show lack of fit. The model accuracy shows an R
2
 of 

71.13% which indicates that 71.13% of the variability was explained by the model.  It has 

been previously stated that R
2
 of >0.7 is generally regarded as an indication of a good model 

(Desai et al., 2008). 
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Table 2: Analysis of Variance (ANOVA) 

Source  DF 

 

    Adj SS 

 

     Adj MS 

 

F-Value            P-Value 

Model  8  0.248264 0.031033 3.39 0.032 

Linear  3  0.177129 0.059043 6.45 0.009 

A(Innoculum 

Size (ml) 

1 0.011905 0.011905 1.30 0.278 

B (Fermentation 

Time (Hours) 

1 0.000768 0.000768     0.08 0.778 

C (pH) 1 0.164455 0.164455    17.95 0.001 

Square 2 0.037681 0.018841    2.06             0.174 

A(Innoculum 

Size (ml)* 

     

A(Innoculum 

Size (ml) 

1 0.021977 0.021977    2.40             0.150 

B(Fermentation 

Time (Hours)* 

       

 

 

 

             

B(Fermentation 

Time (Hours) 

1 0.011089 0.01108 1.21              0.295 

2-Way 

Interaction 

3 0.013549 0.004516  0.49              0.694 

A(Inoculum 

Size (ml)* 

     

B(Fermentation 

Time (Hours) 

1 0.008128 0.008128  0.89              0.366 

A (Innoculum 

Size (ml)*C 

(pH) 

1 0.004095 0.004095  0.45              0.518 

B(Fermentation 

Time (Hours)*C 

(pH) 

 1 0.001326 0.001326 0.14              0.711 

Error 11 0.100759 0.009160   

Lack-of-Fit 6       0.041334 0.006889 0.58 0.738 

Pure Error 5       0.059425 0.011885   

Total 19 0.349023    

Model Summary 

S      R-sq    R-sq(adj)   R-sq(pred) 

0.0957073   71.13%      50.14%        0.00% 

Regression equation: 

Response= 0.3977 + 0.0295 A - 0.0075 B - 0.000000 C  

                                                        - 0.0397 A*A+ 0.0282 B*B  

                                                       + 0.0319 A*B - 0.0226 A*C 

                                                        - 0.0129 B*C 
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Optimization of citric acid production 

A three dimensional (3D) response surface and two dimensional (2D) contour plots were 

generated using values by the CCD. For each curve, two variables were varied while the 

other variable remains constant. 

Figure 1 show a surface/contour plot, showing the effect of inoculum size and fermentation 

time when pH is constant. The plot indicates that citric acid production increased with an 

increase in fermentation time and also the citric acid increased with the inoculum size up to a 

certain level, which decreases with any further increase in the inoculum size. This 

observation has also been reported by previous researcher (Nampoothiri et al., 2004). 

Metabolite formation during fermentation generally increases with increase in inoculum size 

up to a particular limit. There is risk of contamination if the inoculum size is low which can 

result in a decline in the production of metabolites (Barrington and Kim, 2008). High 

inoculum size usually results in an overcrowding of population which increases the 

competition between the fungi spores for nutrients and probably the rapid consumption and 

no availability of nutrients for the large population of fungi limits the rate of metabolic 

activity (Adham, 2002). 
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Figure 1: Surface/Contour plot of Irvingia gabonensis (wild mango) peels, showing the 

effects of fermentation time and inoculum size on the production of citric acid. 

Figure 2 shows a surface/contour plot, showing the effect of fermentation time and pH when 

inoculum size is constant. Citric acid was observed to increase with a decrease in pH and an 

increase in fermentation time. The optimum fermentation time of 112 hours observed in this 

study falls within the range which Auta, (2014) got its best citric acid yield of 0.61g/l after 5 

days fermentation using Aspergillus niger and Parkia biglobosa fruit pulp as substrate. It 

might be due to the decreased available nitrogen in fermentation medium, the age of fungi 

and depletion of sugar contents.  
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Figure 2: Surface/Contour plot of Irvingia gabonensis (wild mango) peels, showing the 

effects of pH and fermentation time on the production of citric acid. 

Figure 3 shows a Surface/Contour plot, showing the effect of pH and inoculum size when 

fermentation time is constant. This shows that a decrease in pH and increase in inoculum size 

up to a certain level gives a high citric acid production. This observation could be attributed 

to the fact that a low pH is required to begin citric acid production. Similar work was also 

reported by Dallal et al., (2021) who got its maximum citric acid production at an initial pH 

of 3.0, in his work on optimization of citric acid production by Aspergillus niger using two 

downgraded Algerian date varieties. Also, an initial pH of 3 was recorded in Anbuselvi, 

(2015) work on optimization and production of citric acid from cassava using Aspergillus 

niger. The broth pH plays a major role in the microbial production of citric acid. Protons are 

released during fermentation when Aspergillus niger metabolizes the nitrogen component of 

the fermentation medium, which lowers the pH of the medium through the metabolic activity. 

Hence, a decrease in the broth pH as fermentation progresses is often seen as an indication of 

citric acid production. The low pH provides a sterile environment which reduced the risk of 

contamination, inhibits the production of unwanted by products such as oxalic and gluconic 

acids which reduces citric acid yield (Papagianni, 2007). 
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Figure 3: surface/contour plot of Irvingia gabonensis (wild mango) peels, showing the effects 

of pH and inoculum size on the production of citric acid. 

Fig 4 shows the optimization plot of Irvingia gabonensis responses. Optimization shows the 

optimum inoculum size, fermentation time, and pH conditions in which the Irvingia 

gabonensis can be produced. The results recorded an optimum inoculum size of 2.55(ml), an 

optimum fermentation time of 112(hrs) and an optimum pH of 3.3182. And a maximum citric 

acid yield of 0.7832 g/l with a desirability of 0.92 which shows the optimization was close to 

target. 

 

Fig 4: Optimization plot of Irvingia gabonensis (Wild mango) Response 

CONCLUSION 

This study has shown that Aspergillus niger can produce citric acid in solid state 

fermentation. This fermentation process is cost effective and can make citric acid readily 
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available to low income countries and can serve as effective way of waste disposal in our 

society. The process parameters were optimized using response surface methodology and 

gave results to ascertain that the process can take place on a range of fermentation time, pH 

and inoculums size. It can be safely concluded from the study that the application of central 

composite design (CCD) and response surface design (RSM) to optimize the different factors 

for maximal production is an effective method that evaluates and predicts where the optimum 

is likely to be located. 
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