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ABSTRACT 

A solid state fermentation was developed for citric acid production 

from pineapple waste by Aspergillus niger. The medium was 

supplemented with different concentration of glucose, sucrose, 

ammonium nitrate and ammonium sulphate. It was found that 

pineapple waste with 15% (w/v) sucrose and ammonium nitrate 

(0.25% w/v) gave the optimum citric acid production (44.10 g/kg), in 

the presence of methanol (4% v/v), when fermented for 7 days at 30 

°C, with the initial moisture content of 60 %. Our present 

investigations show the use of pineapple peel as a cheap medium for 

the production of commercially valuable organic acid (citric acid) by 

A. niger. 

KEYWORDS: Aspergillus niger, citric acid, pineapple waste, solid 

state fermentation.  

 

INTRODUCTION 

Citric acid is an organic acid naturally present in all aerobic organisms.  

It is produced during the process of cellular respiration.
[1]

 This organic acid has found many 

uses in food, beverage, pharmaceutical, chemical, cosmetic and other industries. It is used to 

provide a characteristic taste to foods and beverages. This organic acids produced by 

fermentation and is the most exploited biochemical product in various industries till date. The 
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natural supply of citric acid is very limited but its demand is more. Microbial fermentation is 

the most common method for large scale production of citric acid. Many microorganisms 

such as bacteria, fungi and yeasts can produce citric acid.
[2]

 Aspergillus niger is the most 

commonly used strain for commercial production of citric acid, as it is easy to handle, can 

ferment a variety of raw materials and it produces higher quantity as compared to other 

microorganisms.
[3]

 Different methods of fermentation have been employed by different 

workers for producing citric acid such as solid-state fermentation, submerged fermentation 

and surface fermentation.
[4]

 Cost reduction in citric acid production can be achieved by using 

several cheap agricultural wastes such as apple and grapepomace, orange peel, kiwi fruit peel, 

cotton waste, okarasoy-residue and cane molasses (Kiel et al., 1981; Hang and Woodams, 

1986; 1987; Khare et al., 1995; Haq et al.,2004).
[18,10]

 So, the objective of this study was to 

use of pineapple peel as a cheap constituents of medium for the production of citric acid by A. 

Niger in submerged fermentation process. 

 

MATERIALS AND METHODS 

Pre-treatment of pineapple peels 

Peels from pineapples bought from a local market in Bengaluru, Karnataka, were used in the 

presentstudy. Pineapple peels were oven-dried at 60 °C after cutting into 2 mm mesh size.
[5]

 

 

Screening of the fungal cultures 

Four fungal species isolated from garden soil sample and morphological characteristics were 

examined. Czapek-Dox agar medium (10 mL) was poured into individual sterile petri plates 

and allowed to cool at roomtemperature. Approximately 0.5 mL of the conidial suspension of 

each culture was transferred to each of the petriplates. The plates were incubated at 30 °C for 

3–5 days.The plates were observed after incubation for yellow zones due to citric acid 

formation. Aspergillus niger culture had a zone of clearance above 3cm. On the basis of 

screening method, the isolate Aspergillus niger found to be a potential source of citric acid 

production. This culture was used for optimization of citric acid production using solid state 

fermentation process.
[6]

 

 

Fermentation media 

The medium was prepared by introducing pineapple peels (30 g) into 200 mL Erlenmeyer 

flasks. The medium was supplemented with glucose and sucrose at 5, 10,15% w/v. Effect of 

nitrogen supplements was studied by adding ammonium nitrate (0.1–0.5%) and ammonium 

sulphate (0.1–0.5%) to the basal medium and moistened to varying moisture content (50–
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70%). The flask was cotton plugged and autoclaved at 121 °C for 15min. After cooling at 

room temperature, each medium was inoculated with the A. Niger (6.0 x 10
6
) suspension and 

incubated at different temperature range (20–50 °C) in arotary shaking incubator for 7 days. 

Methanol (0–5%) was added to the flasks before fermentation. After fermentation, the 

medium was diluted with distilled water (1:4 w/v). The medium was then filtered and the 

filtrate was used for the subsequent analyses.
[7]

 

 

Citric acid determination 

Citric acid % was determined titrimetrically (AOAC, 1995) by using 0.1 NaOH and 

phenolphthalein as indicator and calculated as per the formula;
[1,8]

 

 

% of Citric acid = (Normality x Vol. of 0.1 N NaOH x equivalent wt. of Citric acid x Dilution    

                               Factor) / (Wt. of sample in gm x 10) 

 

RESULTS AND DISCUSSION 

Screening of stock-cultures of A. Niger and pineapple waste medium 

Citric acid producing strains of A. Niger isolated from various sites in Bangaluru, Karnataka 

were purified and their cultural and morphological characteristics were examined.Out of 4 

strains screened for citric acid production, A.niger was the best producer of citric acid. The 

pineapple peel used throughout this study was found to present crude protein 4.89%; crude 

fat1.87%; crude fiber3.45%; carbohydrate content 52.5%;sugars content 42.6%; ash content 

3.8% and moisture9.25%.Our result shows that pineapple waste is asuitable constituent of 

media for fermentation of citric acid by A. Niger due to its nutritional content and achieved 

the optimum citric acid production at the seventh day. 

 

Table 5.1: Species showing the zones of clearance in cm. 

SPECIES DISTANCE OF ZONE OF CLEARANCE (cm) 

Aspergillus flavus 2.1 

Penicillium italicum 1.8 

Penicillium glaucum 2.7 

Aspergillus niger 3.3 

 

Effect of different concentration of sugars 

Citric acid production by A. Niger from pineapple peels as a basal fermentation media with 

the different concentrations of sucrose and glucose was shown in Table 1. The medium 

supplemented with sucrose (15%w/v) gave the highest citric acid value (39.6 g/kg) while the 
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control contain only pineapple peels gave 18.4 g/kg at 7 days fermentation period. As per 

Adachi et al., (2003),
[2,9]

 citric acid accumulation by A. niger in higher concentrations of 

sucrose or glucose is simultaneously increase in the intracellular concentration of fructose 2,6 

phosphate. Hossain et al., (1984)
[10,12]

 suggested that the chemical nature of source has a 

marked effect on citric acid production by A. niger. In our study, supplementation of sucrose 

to pineapple waste found to increase citric acid production than glucose. It is may be due to 

the relatively low molecular weight of sucrose and is readily transported into microbial cells 

for hydrolysis by intracellular enzymes (Drysdale and McKay, 1995).
[5,13]

 Xu et al., (1989) 

suggested that sucrose is the traditional commercial substrate for production of citric acid, 

although glucose, fructose and maltose have also been extensively used as substrates for citric 

acid production.
[27] 

 

Table 1: Effect of different sugar concentrations on citric acid production from 

pineapple waste by A. niger. 

Citric acid amount (g/kg) at different incubation time (Days) 

Fermentationmedia 0 1 2 3 4 5 6 7 

Pineapple waste 0 13.4 13.9 14.7 16.9 17.2 17.9 18.4 

Pineapple waste+ 5% glucose 0 14.8 15.7 16.9 19.9 20.7 21.3 21.9 

Pineapple waste+ 10% glucose 0 16.6 20.9 22.8 25.2 26.7 27.2 27.4 

Pineapple waste+ 15% glucose 0 16.7 19.8 23.2 25.5 29.4 29.9 30.2 

Pineapple waste+ 5% sucrose 0 12.6 16.4 17.7 19.8 22.2 22.8 23.0 

Pineapple waste+ 10% sucrose 0 16.3 19.6 22.4 25.8 29.7 30.5 31.6 

Pineapple waste+ 15% sucrose 0 20.8 23.3 27.7 30.4 36.6 37.5 39.6 

Mean of triplicate determinant ; SD±0.5 

 

It was noticeable that citric acid production and biomass values were increased along with 

steady decrease in sugar with respect to the incubation time. Kubicek (1998) also reported 

that the final yield of citric acid in fermentation by A. niger is strongly related not only on the 

type but also dependent on the concentration of carbon source.
[19]

 It may be suggested from 

our result that the major regulatory points at the level of hexose transport and 

phosphorylating activities of regulatory enzymes involved in sugar metabolism are the prime 

cause by which the carbon source and it concentration influence citric acid accumulation. 

 

Effect of nitrogen supplements 

Effect of nitrogen sources on citric acid productivity by A.niger was shown in Table 2. 

Supplementation of the basal medium with ammonium nitrate (0.25% w/v) gave an increase 

in citric acid production from 39.63 g/kg to 44.10 g/kg compared to ammonium sulphate(41.8 

g/kg).Nitrogen had been reported to be an important factor in fermentation processes due to 
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an increase in C:N ratioas per Pandey (2003).
[20-23]

 Any increase or decrease other 

than(0.25% w/v) concentration, clearly found that there is a disturbance of fungal growth as 

well as subsequently citric acid production. However, addition of ammonium nitrate (0.25% 

w/v) gave maximum biomass value of 11.20 g/kg while maximum biomass 12.20 g/kg was 

obtained at 0.75 % w/v concentration in case of ammonium sulphate. Nitrogen constituent 

has an enormous effect on citric acid production because nitrogen is not only important for 

metabolic rates in the cells but it is also play role in basic part of all cellular proteins. Our 

findings supported with Grewal and Kalra (1995)
[8,20]

 that fermentation media for citric acid 

biosynthesis should consist of necessary substrates such as carbon, nitrogen and phosphorus 

for the growth of microorganism. 

 

Table 2: Effect of Nitrogen supplements on citric acid production from pineapple waste 

medium. 

Concentration(% w/v) Citric acid (g/kg) Biomass (g/kg) 

Control: Pineapple waste supplemented 

with sucrose (15g) 
39.63 ± 0.5 8.4 ± 0.2 

Ammonium nitrate  

0.25 44.10 ± 0.5 11.2 ± 0.5 

0.50 39.10 ± 0.5 13.8 ± 0.5 

0.75 34.80 ± 0.5 9.8 ± 0.5 

1.0 29.50 ± 0.5 7.7 ± 0.5 

Ammonium sulphate   

0.25 41.8 ± 0.5 9.6 ± 0.5 

0.50 38.62 ± 0.5 11.7 ± 0.5 

0.75 33.4 ± 0.5 12.2 ± 0.5 

1.0 27.2 ± 0.5 10.4 ± 0.5 

Mean of triplicate determinant ; SD±0.5 

 

Effect of incubation temperature 

Effect of temperature on the production of citric acid was shown in Table 3. A temperature of 

30 °C was found to bethe best for citric acid production (44.5 g/kg) in the present study. The 

mould produced only a small amount of citric acid at 40 °C in seven days. Sporulation 

however, was more marked at 30 °C than at lower temperatures. At low temperature due to 

low enzyme activity citric acid production was too low. Our findings supported Hang and 

Woodams (1986)
[9]

 that the temperature of a fermentation medium is one of the critical 

factors which have a significant effect on the production of citric acid by using solid state 

fermentation after using several agro wastes. 
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Table 3: Effect of temperature on fungal production of citric acid from pineapple peel. 

Temperature °C Citric acid (g/kg) 

20 28.5 ± 0.5 

25 31.6 ± 0.5 

30 44.5 ± 0.5 

35 33.3± 0.5 

40 22.4± 0.5 

Mean of triplicate determinant ; SD±0.5 

 

Effect of moisture content 

Result shown in Table 4 indicated that a maximum citricacid value (54.11 g/kg) was obtained 

when the initial level of moisture was 60%. Moisture level under solid state has influential 

role on the biosynthesis of microbial metabolites by changing the physical properties of solid 

particles. Lower moisture level shows a lower degree of swelling and higher water tension, 

and then ultimately reduces the solubility of nutrients.
[23-26]

 On the other hand, high moisture 

level shows reduce porosity, changes particle structure, enhance stickiness. It also create 

slower oxygen transfer due to reduces gas volume and exchange and decreases diffusion 

(Lonsane et al., 1985).
[20] 

 

Table 4: Effect of moisture level on fungal production of citric acid from pineapple peel. 

Moisture level (%) Citric acid (g/kg) 

30 28.20 ± 0.5 

40 32.20 ± 0.5 

50 46.51 ± 0.5 

60 54.11 ± 0.5 

70 30.41 ± 0.5 

Mean of triplicate determinant ; SD±0.5 

 

Effect of methanol 

Effect of methanol on citric acid production was shown inTable 5. Maximum citric acid 

production (63.1 g/kg) was obtained at 4 % concentration. An increase in citric acid 

production at 4% methanol concentration was inagreement with Hossain et al. (1984),
[21]

 who 

explained that the presence of methanol in fermentation media may increase citric acid 

production by A. niger. The inductive effect of methanol for citric acid production may be 

due to pulling down the negative inhibitory effects of metal ions (Kiel et al.,1981).
[18]

 Moyer 

(1953)
[22]

 suggested the use of low molecular weight alcohols i.e. methanol, isopropanol if 

added tothe culture medium, leads to increase citric acid production in both surface and 

submerged cultures and thus make it possible to ferment directly crude carbohydrate 

substrates. 
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Concentration  (% v/v) Citric acid (g/kg) Biomass (g/kg) 

Control: Pineapple waste supplemented with 

sucrose (15g) and NH4NO3 (0.25% w/v) 
49.1 ± 0.5 9.2 ± 0.5 

1 % 52.3 ± 0.5 10.4 ± 0.5 

2 % 56.6 ± 0.5 9.2 ± 0.5 

3 % 59.3± 0.5 7.4 ± 0.5 

4 % 63.1 ± 0.5 7.0 ± 0.5 

5 % 57.2 ± 0.5 6.7 ± 0.5 

6 % 49.7± 0.5 6.0± 0.5 

7 % 45.5± 0.5 5.4± 0.5 

Mean of triplicate determinant ; SD±0.5 

 

CONCLUSIONS 

In conclusion we must say that the use of pineapple peel for fungal production of citric acid 

might represent an efficient method of minimizing pineapple waste disposal problems and for 

producing other organic acids, pineapple peel would be the important feed stock for 

fermentation media in near future. 
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