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ABSTRACT
The present study was proposed to evaluate the potential use of potato- chips waste as a substrate for citric acid 

production by solid-state fermentation. Potato- chips waste could serve as a substrate for citric acid production. Maxi-
mum amount of citric acid (23.19g/100g) was produced by Aspergillus niger when it was cultivated on the optimized 
waste medium for 7 days at 30°C. The waste was prepared as follows: it was milled to 1.0-1.5mm, cooked at 121°C 
for 2hr,adjusted to moisture level of 65% v/w, with pH 3.5 and enriched with 0.0125% w/w nitrogen in form of am-
monium nitrate and 4% v/w of methanol was added. 
Keywords: potato-chips waste, citric acid, solid-state fermentation

INTRODUCTION
Many tons of potato-chips wastes are discard-

ed yearly by many potato-chips companies leading 
to serious environmental problems. Thus, there are 
urgent needs to find suitable applications for dis-
posal of this waste. Since this waste is rich in carbo-
hydrate and other nutrients, it can serve as a cheap 
substrate for fermentation industries. World- wide 
demand for citric acid far exceeds its production 
(Roehr et al., 1983). Developing countries could 
reduce the burden of citric acid imports on their 
foreign exchange, they could produce citric acid lo-
cally by fermentation of wastes (Tran et al., 1998). 
Therefore, from economical and environmental 
viewpoints, the use of potato-chips waste was taken 
into consideration as an alternative raw material for 
the production of citric acid. Citric acid is widely 
used in the food and pharmaceutical industries. In 
foods, it is used primarily to produce a tart taste and 
to complement fruit flavours in carbonated bever-
ages, beverage powders, fruit-flavoured drinks,
jams, jellies, candy, sherbets, water ices, and wine. 
It is also used to reduce pH in certain canned foods 
to make heat treatment more effective, and in con-
junction with antioxidants to chelate trace metals 
and retard enzymatic activity (Yigitoglu, 1992, 
Haq et al., 2001, Alben & Erkmen, 2004). In the re-
cent years, there has been increasing interest in the 
use of solid-state fermentation (SSF) process as an 
alternative to submerged fermentation. This is be-
cause SSF has a lower energy requirement, higher 
product yield with little risk of bacterial contamina-

tion, generates less waste water and environmental 
concerns regarding the disposal of solid waste (Lu 
et al.,1997, Roukas, 1999, Papagianni et al., 1999, 
Bayraktar & Mehmetoglu,2000).  Furthermore, the 
biosynthesis of citric acid by Aspergillus niger is 
highly sensitive to the concentration of metal ions 
Fe2+, Mn2+, Zn2+, etc. in submerged or liquid sur-
face fermentation (Kapoor et al.,1982, Roehr et 
al.,1983). Inhibition of citric acid production by 
these ions is ineffective in SSF (Gutierrez-Rozas et 
al., 1995, Pintado et al., 1998). 

The present study was proposed to evaluate the 
potential use of potato-chips waste as a substrate 
for citric acid production by SSF, as well as to re-
duce the citric acid production cost by using cheap 
substrate in place of costly materials such as molas-
ses, starch, glucose etc., at the same time, eliminate 
the environmental pollution and hazards. 

MATERIALS AND METHODS
Microorganism

A citric acid-producing strain of Aspergillus 
niger ATCC 9142 was used in this study. It was 
obtained from the Institute of Microbiology and 
Wine research, Gutenberg-University, Mainz, Ger-
many, maintained on potato dextrose agar slants 
and stored at 4°C.

Waste resource and preparation
Potato-chips waste was obtained from a fac-

tory for potato-chips industry located in Tanta city. 
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The waste consists of potato peels and tuber pieces. 
Its chemical composition (dry weight basis) was 
61.49% starch, 21.84% crude fiber, 15.22% ash,
0.61% reducing sugar and 0.82% crude protein. 
The waste was prepared according to the method 
of Kumar et al. (2003)  with some modifications
as follows: The whole waste was dried at 80°C to 
a constant weight then milled in kitchen blender 
to give powder. The milled waste was screened to 
collect 5 fractions of different particle sizes, less 
than 0.5 mm, between 0.5 -1.0, 1.0 -1.5, 1.5 and 
2.0 -2.5mm. 

Basic medium
Basic medium was prepared according to the 

method of Shankaranand & Lonsane (1994) with 
some modification as follows: Two grams of pre-
pared milled waste with particle size between 0.5-
1.0 mm were introduced into 200ml Erlenmeyer 
flask and moistened with distilled water adjusted
to pH 4.5 with HCl to reach 80 % moisture content 
and autoclaved at 121°C for 15 min. 

Inoculum preparation
The strain was inoculated on potato- dextrose 

agar slants and incubated at 30°C for 7 days. Five 
ml of sterile distilled water was added, spores were 
scraped off, suspended in water. Spores density of 
1.0×106 ml was checked using a hemocytometer, 
before inoculation. 

Inoculation and fermentation
The basic medium was inoculated by mixing 

with the spores suspension at a concentration of 
approximately1.0×106 spores g-1, and steady state 
incubated at 25ºC temperature for 7 days. (Fol-
lowing the method of Shojaosadati & Babaeipour 
(2002)

Optimization of medium parameters
The strategy adopted was to optimize one par-

ticular parameter at a time and then include it at its 
optimum value in the next optimization step. 

Extraction of citric acid
Citric acid was extracted according to the meth-

od of Kumar et al. (2003) with some modifications
as follows: A 10 ml of distilled water was added per 
g of fermented material. The mixture was agitated 
for 2hr on a rotary shaker then, filtered through fil-
ter paper Whatman No 1. The residual solids were 
washed with water three times and the filtrate and

washings were made up to 200ml with distilled wa-
ter and used for estimation of citric acid. 

Determination of citric acid 
Citric acid was determined by the acetic an-

hydride and pyridine according to the method of 
Marier & Boulet (1958). All determinations were 
carried out in triplicate and the recorded results are 
their average values.

RESULTS AND DISCUSSION
Factors affecting citric acid production by 
Aspergillus niger ATCC 9142:

Effect of sterilization period on waste
The basal medium was heat treated at 121ºC 

for different periods of time (from 15 min to 4hrs) 
for cooking and sterilization at the same time. The 
results presented in Fig (1) show that, the minimum 
citric acid accumulation (8.76g/100g) was detected 
when the medium treated with heat for 15 min, (the 
normal sterilization time).The maximum amount 
of citric acid (12.1g/100g) was obtained when the 
medium was heated for 2hrs. The increasing of heat 
treatment time more than 2hrs did not correspond 
to increase of citric acid production. The enhance 
of citric acid production may be attributed to that, 
the heat treatment makes the nutrients in the waste 
more available for the microbial consumption, 
where as denaturation of the protein content makes 
the cell wall of the waste tissue permeable. The ob-
tained results are in agreement with those of Kumar 
et al. (2003). They reported that, the proper heat 
treatment of the fermentation substrate increased 
its susceptibility to microbial attack.

Fig. 1: Effect of heat treatment period of the 
waste on citric acid production

Fermentation conditions: Temperature 25ºC, pH  4.5, 
particle size 0.5-1.0 mm, 80% moisture level and 7 days 
cultivation period.
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Effect of initial moisture content of medium
The experiment was carried out at different 

moisture levels (50, 60, 65 and 70%). The results 
presented in Fig (2) show that, the production 
of citric acid using solid-state fermentation was 
strongly affected by the medium moisture content. 
The maximum production of citric acid (12.43g/
100g) was detected at 65 % v/w of moisture level. 
On the other hand, the lowest amount of citric acid 
was excreated at 50% moisture content. This may 
be due to that, the low moisture level reduced the 
substrate availability to the fungus and mass trans-
fer processes such as diffusion of the solutes and 
gas to the cell during the fermentation (Nagadi & 
Correia, 1992, Kumar et al., 2003). From the same 
results, it can be noted that, the increase of moisture 
content beyond the optimal level was corresponded 
with the decrease in citric acid excretion. This pos-
sibly attributed to that, the higher moisture content 
reduced the porosity of the medium consequently 
poor heat, mass transfer and poor oxygen availabil-
ity (Kargi et al., 1985, Kumar et al., 2003).

large particle size provides smaller surface area 
hence reduces the substrate availability to the fun-
gus (Shojaosadati & Babaeipour, 2002, Kumar et 
al., 2003). The medium with particle size ranged 
between 1.0 -1.5 mm stimulated maximum release 
of citric acid (12.53 g/100g), since it exhibited high 
porosity and resulted in better heat and mass trans-
fer which increased citric acid production (Lu & 
Maddox, 1998).

Effect of addition of ground rice straw:
In previous experiments, it was noted that the 

milled waste media were agglomerated after steri-
lization with different degrees according to their 
moisture content and particle sizes. In this experi-
ment, a try was carried out to prevent the agglomer-
ations by mixing ground rice straw with the milled 
waste. The results presented in Table (2) indicate 
that, the addition of ground rice straw up to 1 % 
enhanced citric acid production. The highest citric 
acid yield (13.73 g/100g) was observed when 1% 
(w/w) of rice straw was mixed with the waste me-
dium. The addition of ground rice straw with more 
than 1% (w/w) did not cause any increase in citric 
acid production. Enhancement of citric acid pro-
duction by addition of milled rice straw can perhaps 
be attributed to that, it may prevent the agglomera-
tions which affects uniform mixing of the substrate 
and therefore affects growth, heat (metabolic heat) 
transfer, mass (O2 intake and CO2 evolution ) and 
citric acid formation (Kumar et al., 2003). 

Fig. 2: Effect of initial moisture content of me-
dium on citric acid production

Fermentation conditions: Temperature 25°C, pH 4.5, 
particle size 0.5-1.0 mm, the medium was heat treated 
for 2hrs at 121°C before inoculation and 7 days cultiva-
tion period.

Effect of particle size of waste: 
Five different particle sizes of milled waste 

(ranged from < 0.5 mm to 2.5 mm) were used for 
preparing fermentation medium. The results given 
in Table (1) show that, the lowest amounts of citric 
acid (11.5 g/100g and 11.98/100g) were obtained 
in the media containing either the smallest particle 
size (<0.5 mm) or the largest ones (between 2.0 -
2.5 mm) respectively. The decrease in citric acid 
production in case of small particle size may be at-
tributed to the improper in air diffusion and distri-
bution, poor mass and low heat transfer, whereas 

Ground rice straw % (w/w) 0.5 1 1.5 2
Citric acid (g/100g) 13.53 13.73 13.61 12.6

Table 2: Effect of addition of ground rice straw 
to the milled potato waste on citric acid 
production

Fermentation conditions: Temperature 25°C, pH 4.5, 
particle size 1.0-1.5 mm,  moisture level 65 %, the me-
dium was heat treated for 2hrs at 121°C before inocula-
tion and 7 days cultivation period.

Particle size (mm) <0.5 0.5-
1.0

1.0 
-1.5

1.5 
-2.0

2.0 
-2.5

Citric acid (g/100g) 11.50 12.33 13.31 12.53 11.98

Table 1: Effect of particle size of potato- waste 
on citric acid production

Fermentation conditions: Temperature 25°C, pH 4.5, 
particle size 1.0-1.5 mm,  moisture level 65 %, the me-
dium was heat treated for 2hrs at 121°C before inocula-
tion and 7 days cultivation period.
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Effect of initial pH of the medium:
For studying the effect of initial pH, the fer-

mentation media were adjusted to initial pH values 
ranged between 1.5 and 5.0 using HCl. The results 
given in Fig (3) reveal that, in general, the fun-
gus was able to produce citric acid at all tested pH 
values. The accumulation of citric acid increased 
modulatory with the increase of the pH values to 
reach its maximum at pH 3.5. Above this value, the 
production of citric acid slightly decreased. These 
results are in accordance with those of Tran et al., 
(1998) who reported that, optimal production of 
citric acid occurred at pH 3.5. On the other hand, 
these results are in disagreement with that of Ku-
bicer & Roehr, (1986) who recommended that, the 
pH should be kept below 2.0 because at higher pH 
values, Aspergillus niger accumulates gluconic 
acid, especially when the pH is around 4.0. On the 
contrary, Alben & Erkmen, (2004) reported that, the 
highest amount of citric acid was produced in me-
dium with an initial pH 6.5. 

Effect of enrichment with nitrogen sources
The waste media were supplemented with 

different nitrogen compounds at concentrations 
of 0.0062, 0.0125, 0.025 and 0.05 nitrogen/100 
dry waste. The results given in Table (4) reveal 
that, nitrogen content of the media have a great 
effect on citric acid production by Aspergillus ni-
ger ATCC9142, since all tested nitrogen sources 
enhanced citric acid production at concentration 
of 0.0125 % (w/w) or below. Beyond this limit, a 
strong suppression on citric acid accumulation was 
noted. The highest amount of citric acid was pro-
duced in medium enriched with nitrogen at concen-
tration of 0.0125 % (w/w) in the form of ammonium 
nitrate. Alben & Erkmen, (2004) reported that, ni-
trogen content of the fermentation medium is a lim-
iting factor in citric acid production. In contrast with 
these results, Xu et al., (1989) reported that, the op-
timal concentrations of ammonium sulfate were 5.0 
and 2.5 g/l (= 0.106 % and 0.053 % g nitrogen) for 
the submerged and filter paper cultivation system.
On the other hand, Demirel et al. (2005), reported 
that, the maximum citric acid production was ob-
tained at 0.05 g nitrogen/l of medium, whereas it 
significantly decreased at 0.3g/l. Similar trend was

Fig. 3: Effect of initial pH of medium on citric 
acid production 

Fermentation conditions: Temperature 25°C, particle 
size 1.0-1.5 mm, moisture level 65 %, the medium was 
heat treated for 2hrs at 121°C before inoculation and 7 
days cultivation period.

Effect of cultivation temperature:
Fermentation was conducted at the temperatures 

of 26, 28, 30 and 32°C. As shown in Table (3), max-
imum citric acid yield (13.98g/100g) was detected 
at 30°C. This result is quite similar with the result 
stated by Hang & Woodams, (1998), who reported 
that, fermentation temperature has a profound influ-
ence on fungal production of citric acid from corn 
cobs and the highest production was found at 30°C. 
At higher temperatures, the production was retarded.  
The decrease in citric acid production at tempera-
tures beyond 30°C may be attributed to a problem in 
solid-state fermentation, since overheating is a com-
mon problem and could potentially decrease citric 
acid production (Tran et al., 1998). 

Temperature °C 26 28 30 32 34
Citric acid (g/100g) 13.65 13.63 13.98 12.81 11.11

Table 3: Effect of cultivation temperature on 
citric acid production

Fermentation conditions: pH 3.5, particle size 1.0-1.5 
mm, moisture level 65 %, the medium was heat treated 
for 2hrs at 121°C before inoculation and 7 days cultiva-
tion period.
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Citric acid (g/100g)
0.0062 14.83 15.00 15.34 16.0
0.0125 15.88 16.31 16.19 17.0
0.025 15.88 13.48 12.83 11.71
0.05 11.3 12.1 10.95 9.32

Fermentation conditions: Temperature 30°C, pH 3.5, 
particle size 1.0-1.5 mm, moisture level 65 %, the me-
dium was heat treated for 2hrs at 121 oC before inocula-
tion and 7 days cultivation period.

Table 4: Effect of enrichment with nitrogen 
sources on citric acid production by 
Aspergillus niger ATCC9142 
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previously described by Shankaranand & Lonsane, 
(1994), who observed that, at high nitrogen concen-
trations (0.0318 and 0.042 %) in form of ammoni-
um sulfate, a decrease of citric acid production by 
20 and 31% occurred, respectively. Kristiansen & 
Sinclair (1979) explained the influence of nitrogen
on the production of citric acid, as the cytoplasm 
in hyphae flows toward the tip where the new cells
are formed. Meanwhile, aged cells suffer from ni-
trogen limitation, become carbon stores and would 
produce citric acid. The number of cells produced 
would increase with the nitrogen concentration and 
a similar increase will be observed in the flow of cy-
toplasm toward new cells if the nitrogen concentra-
tion was elevated, the rate of the formation of stor-
age cells would increase, resulting higher yields of 
citric acid. It is known that, citric acid is produced in 
the mitochondria. If the flow is significant, stream-
ing of cytoplasm is transported to no producing tip 
hyphae, which is not suffering nitrogen limitation 
and citric acid production, this means that, citric 
acid would decrease at both lower and higher ni-
trogen levels, for this reason, the optimum nitrogen 
concentration must be used.

Effect of addition of alcohols to the 
fermentation medium:  
To identify the effect of alcohols on citric acid 

production, methanol and ethanol were filter- steri-
lized and added to the media after autoclaving at con-
centrations ranged from 1% to 6% v/w. The results 
shown in Fig (4) indicate that, the addition of both 
methanol and ethanol to the fermentation media stim-
ulated the production of citric acid; however metha-
nol was more efficient than ethanol in this respect.
Maximum citric acid, i.e. 19.33 and 18.81 g/100g 
was obtained by addition of 4 and 3 %(v/w) meth-
anol and ethanol, respectively. These results are in 
agreement with those reported by Tran et al. (1998), 
Hang & Woodams, (1998), Kumar et al. (2003), Al-
ben & Erkmen, (2004) and Demirel et al., (2005). 
The improvement of citric acid yield by alcohols is a 
general phenomenon with Aspergillus niger strain in 
despite of alcohols are not assimilated by the fungus 
(Tran et al., 1998), the exact mechanism of alcohols 
effects on stimulating citric acid accumulation is still 
not clear, however it is likely that, alcohols increased 
the permeability level of the cell membrane allowing 
metabolites such as citric acid to be excreted from 
the cells (Rouskas, 2000, Haq et al., 2003). It is also 
observed that, addition of excess alcohols more than 
the optimum level, led to a strong suppression of cit-
ric acid production. This observation was previously 
reported by Tran et al. (1998). 

Fig. 4: Effect of addition of alcohols to the 
fermentation media on citric acid production

Fermentation conditions: Temperature 30°C, pH 3.5, parti-
cle size 1.0-1.5 mm, moisture level 65 %, the medium was 
heat treated for 2hrs at 121°C before inoculation 0.0125% 
w/w ammonium nitrate and 7 days cultivation period.

Effect of fermentation time: 
The fungus was cultivated for different periods 

(i.e. 1 to 9 days) under previously optimized nutri-
tional and environmental factors to study the effect 
of fermentation time on citric acid production. As 
shown in Fig (5) citric acid started to appear on the 
first day and increased moderately up to 3rd day then, 
followed by an additional increase of the produc-
tion up to 7th day of the fermentation at which the 
maximum production (23.19g/100g) was occurred. 
Extending the fermentation time more than 7 days, 
impaired the citric acid excretion.

Fig. 5: Effect of incubation time
Fermentation conditions: Temperature 30°C, pH 3.5, par-
ticle size 1.0-1.5 mm, moisture level 65 %, the medium 
was cooked for 2hrs at 121°C before inoculation 0.0125% 
w/w ammonium nitrate and 4 % v/w methanol. 
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