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Citric acid production by Aspergillus niger NRRL 567 from whey-based medium
with different concentrations of supplementing nutrients was studied. The effect of
nutrients including glucose, (NH,),SO, and KH,PO, on citric acid production was evaluated
using statistically-based optimization method and found that glucose and KH,PO,
supplementation significantly influenced citric acid production, while (NH,),SO, had
insignificant effects. The statistical analysis showed that the optimum medium containing
60 g/L of glucose, 1.5 g/L of (NH,),SO, and 8.1 g/L of KH,PO, predicted the maximum citric
acid production of 12.0 g/L at 240 hr. The predicted citric acid production matched well
that measured citric acid production (12.4 g/L) of the validation experiment. The results
showed the effectiveness of the statistically-based optimization method and the optimized
level of nutrients increased citric acid production by 2 folds, compare with the basal

whey medium with 60 g/L glucose.
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Citric acid (2-hydroxy-1, 2, 3-
propanetricarboxylic acid) is commercially
produced by submerged fermentation (SmF) of
starch or sucrose based medium using Aspergillus
niger and widely used in food, pharmaceutical,
beverage, cosmetic, chemical and textile
industriest. Because citric acid is biodegradable,
ecofriendly, economical, safe and a versatile
chemical, global production of citric acid has
reached 1.7 millionton/yr. and the demand of citric
acidisgrowing faster. Nowadays, thefood industry
isthe major consumer of citric acid, using almost
70% of the total production, followed by 12% by
the pharmaceutical industry and 18% for other
applications®*,
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Citricacidisanintermediate of the TCA cycleand
its production by A. niger is strongly influenced
by the fermentation conditions and the nutrient
balance®®. The major nutrientswhich influencethe
growth and production of citric acid are mainly the
carbon, nitrogen, potassium, phosphorus sources
and mineralst®. In our previous studieswith solid
state fermentation, the carbon sources enhanced
the production of citric acid, the nitrogen and
potassium limitation showed significantly negative
effects on citric acid production by A. niger I8,
Also, excessive nitrogen and potassium resulted
in a higher growth and consequently splits the
carbon flux towards energy and biomass
production which restrict the production of citric
acid® 1°, Under optimal fermentation conditions,
over 90% yield was obtained on the basis of the
amount of sugar consumed by submerged and solid
substrate fermentations™ 2.

Various carbon sources such as starch
hydrolysate, sugarcane juice and molasses can be
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used in citric acid production®®. In recent years,
the use of agro-industrial byproducts is
economically favorable and can reduce various
environmental problems'“15, Whey isabyproduct
of thedairy industry representing 80 to 90% of the
total milk volume processed. Theworld production
of cheese and casein yieldsannually 4.0 x 107 tons
having a biological (BOD) and chemical oxygen
demand (COD) of 30 to 60 g/L and 60 to 70 g/L,
respectively*. Disposal of whey aswaste generates
serious pollution problemsfor the environment and
the process utilization of the whey waste saves
cost of waste treatment®’.

Whey could be used as a fermentation
substrate for the production of citric acid by A.
niger'®. The production of citric acid by A. niger
using submerged fermentation of whey is known
to be affected by the process conditions and
nutrients®®22, Theaim of the study wasto optimize
the composition of whey-based medium for citric
acid production. To achieve the optimum medium
composition, central composite design (CCD), one
class of statically based optimization, was applied
to find the most significant medium composition
and optimized to produce maximum citric acid from
whey-based medium.

MATERIALS AND METHODS

Microorganism

Thewhiterot fungus A. niger NRRL 567
was obtained from the American Type Culture
Collection (ATCC, Rockville, MD, USA) and the
stock was stored in tubes containing glycerol (30%
vIv) a -76°C. A. niger stock culturewasreactivated
and cultivated by streaking aloop full of the culture
on potato dextrose agar (PDA, Sigma, St. Louis,
MO, USA) plates. After 5 days of incubation at
30°C, 10 ml of 0.1% Tween 80 were added to each
plateto harvest spores. Diluted spore suspensions
of 1.0x10° spores/ml were prepared asinoculums.
M edium composition

Cheese whey from the dairy plant of
Montreal was used as basal fermentation medium
after autoclaving at 121°Cfor 15 min. The proximate
composition of cheese whey wasfound to be 4.8%
lactose, 1.5% crude protein, 0.5% ash, 0.4% fat,
5.5% total soluble solid and 92.1% water. By adding
glucose, (NH,),SO, and KH,PO,, the final
concentrations were adjusted for the 15 different
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experimental setsaccording to the CCD table. The
pH of the whey-based medium was adjusted to pH
7.0+0.1 by adding 1 N NaOH or 1N HCI.
Fermentation

Flask test was performed with 49 mL of
whey-based mediumin 250 mL Erlenmeyer flasks.
Each flask was inoculated with 1 mL of spore
suspension (1.0x10°® spores/ml) of A. niger
incubated at 30°C on arotary shaker (230 rpm).
With 24 hours' timeinterval, fermented brothswere
harvested from flask and stored at -20! for the
analysisof citric acid.
Analytical methods

The concentration of citricacid in culture
filtrates was determined by the Waters HPLC
system equipped with arefractive index detector
(RID) and Aminex HPX-87H column (7.8 x 300 mm,
Bio-Rad, USA). The mobile phase used for the
analysis was 0.005 N sulfuric acid. The HPLC
analysis was carried out under the following
conditions: 0.6 ml/min flow rate; 50°C column
temperature.
Experimental design

The purpose of the optimization was to
identify the significant medium constituents for
the production of citric acid. Statistically-based
optimization (CCD) isvery useful and widely used
in the screening of significant constituents of the
medium. For the 3 factor CCD, the medium
constituents sel ected were glucose, (NH,),SO, and
KH,PO, asindicated in Table 1. The statistically-
based optimization procedure required to test 17
experimental sets representing the combination of
5 different levels of nutrient supplements (Tables
1and 2). For statistical purposes, atriplicate center
point wastested and the nutrient supplement level
X, associated with each coded level, -1.68, -1.0, 0,
1.0and 1.68, was calculated as:

X =%oAX +X Q)

wherey =1, 2, and 3 correspondsto each
one of the three nutrient supplement; c, =
dimensionlesscoded level for X, namely —1.68, -1,
0, 1 and 1.68; X, = real concentration of the
independent variable for the code used; Xep =
concentration of independent variable at the coded
value 0; AX, = step change in concentration
calculated as 20 g/L for glucose, 0.5 g/L for
(NH,),SO, and 5¢g/L of KH,PO,. The*“ X, valuewas
determined from preliminarily unreported
experimentation? 242,
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Theactual levelsof citric acid production
obtained from 17 experimental sets were used to
develop asecond-order equation in order to predict
citric acid production as a function of nutrient
levelsat 196 and 240 hr asfollows®:
Y :Bo+le1+B2X2+B3X3+B11X1B+B22XZB+B33X3
B+BHX1XZ+B23X23+B13X1X3 (2)

where Y = predicted response; , =
intercept; B,, B, B, = linear coefficients; B, B,, By,
= squared coefficients; B,,, B,,, B,, = interaction
coefficients.

RESULTSAND DISCUSSION

Optimization of citricacid production

The medium constituents including
glucose, (NH,),SO, and KH,PO, as independent
variableswere optimized for the maximum citricacid
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production at 196 and 240 hr of fermentation. In
order to predict the optimal levels of citric acid
produced, second-order polynomial equations
were fitted to the results and developed as a
function of the nutrient levels, respectively:
CA ,,,=7.18+2.82y,+0.19y ,~1.35y,+0.28y *+
0.66y,+0.042y,+0.68y,,,+1.26, ,,+0.25y,,), ---(3)
CA,,,=7.89+3.95y +0.12y -0.76y, -0.39y >-0.23y -
142y, 041y, %,-0.17y,%70.17y,x,, (4
The R? of these equations (3) and (4),
comparing the predicted to the measured values,
shows a high degree of correlation, as it ranges
between 0.97 and 0.94. Accordingly, the value of
R? shows that only around 3% and 6% of thetotal
variationswere not explained by the second-order
polynomial equations (Tables 2,3). The F value,
Fisher varianceratio, isastastically valid measure
of how well the factors describe the variation in

Table 1. Central composite design (CCD) for the screening medium

Variables Components Unit Coded and actual level

-1.68 -1 0 +1 +1.68
X, Glucose gL 6.36 20.0 40.0 60.0 73.6
X, (NH,),SO, gL 0.16 05 1.0 15 1.84
X, KH,PO, gL 159 5.0 10.0 15.0 184

Table 2. Experimental -design contain of experimental and predicted concentration of citric acid at 196 and 240 hr

RunNo  Glucose(g/lL) (NH,),SO,(g/L) KH,PO,(g/L) 196 hr 240 hr
Observed Predicted Observed Predicted

1 20.0 0.5 5.0 9.03 8.69 121 261
2 60.0 0.5 5.0 10.67 10.44 9.46 10.04
3 20.0 15 5.0 7.60 721 1.74 2.38
4 60.0 15 5.0 12.70 11.67 11.68 11.44
5 20.0 0.5 15.0 2.76 2.96 151 1.79
6 60.0 15 15.0 10.21 9.77 9.12 8.52
7 20.0 15 15.0 3.09 2.50 1.40 0.87
8 6.36 1.0 15.0 12,51 12.01 10.59 9.23
9 73.6 1.0 10.0 2.96 3.23 1.19 0.15
10 40.0 1.0 10.0 11.79 12.70 12.45 1343
11 40.0 0.16 10.0 8.64 8.72 8.01 7.04
12 40.0 184 10.0 8.28 9.37 6.53 7.44
13 40.0 1.0 1.59 8.78 9.56 6.57 5.18
14 40.0 1.0 184 4.64 5.03 1.30 2.63
15 40.0 1.0 10.0 6.92 7.18 8.21 7.89
16 40.0 1.0 10.0 6.96 7.18 8.04 7.89
17 40.0 1.0 10.0 7.85 7.18 7.42 7.89

R? (coefficient of determination) = 0.9652 (196 hr) and 0.9393 (240 hr)
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Table 3. ANOVA of the second-order model for citric acid production

196 hr 240 hr
Sum of Squares Fvalue Plevel Sum of Squares Fvalue Pleve
Model 155.85 21.56 0.0003* 253.47 14.43 0.0017*
X1 108.22 134.75 < 0.0001* 220.83 94.43 < 0.0001*
X, 0.51 0.63 0.4534 051 0.22 0.6536
X, 24.77 30.84 0.0009* 6.39 273 0.1423
X2 0.87 1.08 0.3333 197 0.84 0.3895
X2 491 6.12 0.0426* 0.75 0.32 0.5887
X2 0.020 0.024 0.8804 23.31 9.97 0.0160*
XX, 3.68 458 0.0695 0.64 0.28 0.6159
XX, 12.78 15.91 0.0053* 0.71 0.30 0.5981
XX, 0.51 0.63 0.4518 0.71 0.30 0.5981

X, = Glucosg; X, = (NH,),SO,; X, = KH,PO,
*Significant at the 95% level

Table 4. Optimization of citric acid production

Glucose.  (NH,),SO, KH,PO,  Predicted Citric acid production
gL gL gL glL
X, X, X, 196 hr 240 hr
1 60.0 150 8.08 11.74 12,0
2 60.0 150 8.19 11.74 12,0
3 60.0 150 8.42 11.75 11.98
4 60.0 150 8.13 11.74 120
5 60.0 150 7.45 1172 120

the mean of data [¥. The ANOVA indicated that
two second order regression models were higly
significant, as an evident from F-test with a very
low p-values. Similarly, glucose (X,) and KH,PO,
(X,) had a significant effect on citric acid
production at 196 and 240 hr while (NH,),SO, (X,)
had no significant effects within a tested level.
Proven accurate in predict citric acid production,
equations (3) and (4) were used to analyze the
interactive effects of the three factors. Theresults
of equations including their linear, quadratic and
cross product terms, were applied to plot a 3-
dimentional curve predicting citric acid production
at 196 and 240 hr2e2,

The predicted interaction between
glucoseand (NH,),SO, on citric acid productionis
presented in Figs. 1a and 1b, respectively. Both
plots show an increase in citric acid production
withincreasing initial glucose concentration within
al rangesof (NH,),SO, tested. Increasing theinitial
(NH,),SO, concentration did not significantly
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increased citric acid production. Thus, maximum
citric acid production was predicted using the
highest levels of supplemented glucose and but
not necessarily the high level of (NH,),SO,. Similar
observations for citric acid production were
reported by Favela-Torreset al 8. It wasfound that
optimal levels of sugar supplementation ranged
between 10 to 15% (w/v) and that citric acid
production increased with glucose levels.

The interactions between glucose and
KH,PO,, on citric acid production at a constant
(NH,),SO, level of 1.0g/L, after 196 and 240 hr, are
shownin Figs. 2aand 2b, respectively. Citric acid
production significantly increased with glucose
levels but not with KH,PO, level both at 196 and
240 hr. The interaction between (NH,),SO, and
KH,PO, at a constant glucose level of 40 g/L, is
illustrated in Figs. 3a and 3b at 196 and 240 hr,
respectively. Citric acid production was found to
decrease with increasing levels of supplemented
KH,PO, at 196 hr of fermentation whileamaximum
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citric acid production was obtained with 9 g/L of
KH_,PO, at 240 hr. However, citric acid production
was not significantly affected by levels of
(NH,),SO,. The second order regression model
predicted the citric acid production, which was
considerably affected by varying the concentration
of glucose. Thus, higher citric acid levels are
achievablewith higher level of glucose. Thisresult
shows that cheese whey is deficient in readily
available sugar for citric acid production and whey-
based medium can produced high level of citric

Citric acid ot 105 h (g

Fig. 1(a). Predicted citric acid production asafunction
of glucose and (NH,),SO, with constant levels of
KH,PO, (10 g/L) and whey at196 hr

Cirk: ekl Bl 265N 00

Fig. 2(a). Predicted citric acid production asafunction
of glucose and KH,PO, with constant levels of
(NH,),SO, (1 g/L) and whey at196 hr
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acid only with high glucose supplementation.
Cube graphs were used to predict the
simultaneousinteraction between al three nutrient
supplements at 196 and 240 hr of fermentation
(Figs. 4a and 4b). Each cube has eight corners
representing eight different experimental
conditions. The plus (+) and minus (-) signs
represent the coded levels (-1 and +1) for each
nutrient?®, The cube’'s upper right side gives a
maximum citric acid production when using the
highest concentration of glucose (A+) along with

CHre exkd at Z33 h [l

Fig. 1(b). Predicted citric acid production asafunction
of glucose and (NH,),SO, with constant levels of
KH2PO4 (10 g/L) and whey at 240 hr

Citric ngd et 196 h (g

Fig. 2(b). Predicted citric acid production asafunction
of glucose and KH,PO, with constant levels of
(NH,),SO, (1 g/L) and whey at240 hr
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the highest concentration of (NH,),SO, (B+), both
after 196 and 240 hr of fermentation.
Optimum nutrient composition

Optimum  levels of nutrient
supplementation were predicted using second
order regression models. All combinations give
similar results, thefollowing solution was selected
as the most economical combination producing
12.0g/L of citricacid: glucoseat 60 g/L, (NH,),SO,
at 1.5¢g/L and KH,PO, at 8.1 ¢/L (Table 4). Under
thisnutrient level, the validation flask test showed

Citriczgd 2 X8 h |ol]

Fig. 3(a). Predicted citric acid production asafunction
of (NH,),SO, and KH,PO, with constant levels of
glucose (40 g/L) and whey at 196 hr

Citrie acid ot 198 h (g4
2E0 12.01

B+ | 7H 1187
g Ko :1: 1 8,77 C+
Z
5

G KHZP
B- - 8.6 1044 G
A= A
A Clucote

Fig. 4(a). Cubeplot of CCD for 196 hr of fermentation.
The cube corner values are the levels of citric acid
production predicted using the second-order polynomial
equation (3) applied to awhey medium
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that citric acid of 12.4 g/L was produced at 240 hr
(Fig. 5). Themeasured citric acid production agreed
with that predicted by the second-order equations
(3) and (4), of 12.0 g/L at 240 hr. This production
level represents 2 folds increase, as compared to
the whey medium with 60 g/L glucose producing
6.1g/L of citricacid.

Citric acid production obtained with the
suppl emented whey-based medium was compared
to that obtained with the Czapek-Dox medium[,
This conventional medium for submerged

Chrieadd & 288 h (1]

E.0 OF

Fig. 3(b). Predicted citric acid production asafunction
of (NH,),SO, and KH,PO, with constant levels of
glucose (40 g/L) and whey at 240 hr

Ciric oeid W 296 h g
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B+ [ zam 1144
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z
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B ZE1 0 G
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A Qlueoam

Fig. 4(b). Cube plot of CCD for 240 hr of fermentation.
The cube corner values are the levels of citric acid
production predicted using the second-order polynomial
equation (4) applied to awhey medium
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fermentation produced a maximum citric acid
production of 8.7 g/L, after 196 hr, with 60 g/L of
supplemented glucose. The whey-based medium
produced 27% more citric acid at 196 hr
fermentation, as compared to the Czapek-Dox
medium.

—"Whey medivm
17 | -E-Wheytphaaie
- —i—Czapel-Tiox.
g == Oyprtinsdzaion
:; ]
5 [
4
2
1]
-} 50 1m0 15 bt} 250
Time {kr)

Fig. 5. Citric acid production in 250 ml flask using a
control medium of awhey medium with 60 g/L glucose;
awhey medium supplemented with 59.6 g/L glucose,
15g/L (NH,),SO, and 7.6 g/L KH,PO,; and a Czapek-
Dox medium containing 60 g/L glucose and other
nutrient. (¢: whey medium; B: whey medium-+glucose;
A : Czapek-Dox medium; @: optimized medium).

CONCLUSIONS

The statistically-based optimization
procedure, CCD, was avalid and efficient tool in
optimizing the supplementation of a whey-based
medium for citric acid production by A. niger. This
optimization method leads to a 2 fold increasein
citric acid production, compared to the whey-based
medium with 60 g/L glucose supplementation. For
citric acid production by A. niger, glucose and
KH,PO, supplementation was found to have a
highly significant effect, whereas, (NH,),SO, was
found to have no significant effect at 196 and 240
hr. Nutrient supplementation of the whey-based
medium increased citric acid production; thefinal
level wasincreased from thecitric acid production
obtained with a Czapek-Dox medium. To further
improvecitric acid production using awhey-based
medium, additional testing isrequired to optimize
other fermentation conditions such as pH,
inoculation density, temperature and stimulators
such as methanol, ethanal, fatty acid and phytate.

467
REFERENCES

1 Bari, M.N., Alam, M.Z., Muyibi, SA., Jamal,
P, Abdullah, A.M. Improvement of production
of citric acid from oil palm empty fruit bunches:
optimization of mediaby statistical experimental
designs. Bioresour. Technol., 2009; 100(12):
3113-20.

2. Vandenberghe, L.PS., Soccal, C.R., Pandey, A.,
Lebeault, J.M. Solid-state fermentation for the
synthesis of citric acid by Aspergillus niger.
Bioresour. Technol., 2000; 74(2): 175-8.

3. Acourene, S., Ammouche, A. Optimization of
ethanoal, citric acid, and a.-amylase production
from date wastes by strains of Saccharomyces
cerevisiae, Aspergillus niger and Candida
guilliermondii. J. Ind. Microbiol. Biotechnal.,
2012; 39(5): 759-66.

4, Jianlong, W., Ping, L. Phytate asa stimulator of
citric acid production by Aspergillus niger.
Process Biochem., 1998; 33: 313-6.

5. Barrington, S., Kim, J.S., Wang, L., Kim, JW.
Optimization of citric acid production by
Aspergillusniger NRRL 567 grown in acolumn
bioreactor. Korean J. Chem. Eng., 2006; 26: 422-
7.

6. Rodrigues, C., Vandenberghe, L.P,, Teodoro, J.,
Pandey, A., Soccol, C.R. Improvement on citric
acid production in solid-state fermentation by
Aspergillus niger LPB BC mutant using citric
pulp. Appl. Biochem. Biotechnol ., 2009; 158(1):
72-7.

7. Barrington, S., Kim, J.W. Response surface
optimization of medium components for citric
acid production by Aspergillusniger NRRL 567
grown in peat moss. Bioresour. Technol., 2008;
99(2): 368-77.

8. Kim, JW. Response surface optimization of
fermentation parameters for citric acid
production in solid substrate fermentation.
Korean J. Chem. Eng., 2012; 50(5): 879-84.

9. Imandi, S,B., Bandaru, V.V., Somalanka, S.R.,
Bandaru, S.R., Garapati, H.R. Application of
statistical experimental designs for the
optimization of medium constituents for the
production of citric acid from pineapple waste.
Bioresour. Technol., 2008; 99(10): 4445-50.

10. Kim, JW., Barrington, S., Sheppard, J., Lee, B.
Nutrient optimization for the production of
citric acid by Aspergillusniger NRRL 567 grown
on peat moss enriched with glucose. Process
Biochem., 2006; 41(6): 1253-60.

11. Xu, D.B., Kubicek, C.P.,, Roch, M.A.
Comparison of factors influencing citric acid

J PURE APPL MICROBIO, 8(SPL. EDN.), MAY 2014.



468

12.

13.

14.

15.

16.

17.

18.

19.

20.

KIM: FERMENTATION OF WHEY FOR CITRIC ACID PRODUCTION BY A. niger

production by Aspergillus niger grown in
submerged culture and on filter paper. Appl.
Microbiol. Biotechnol., 1989; 30: 444-9.
Gupta, S., Sharma, C.B. Biochemical studies of
citric acid production and accumulation by
Aspergillus niger mutants. World J. Microbiol.
Biotechnol., 2002; 18: 379-83.

Dhillona, G.S., Brara, SK., Vermab, M., Tyagia,
R.D. Utilization of different agro-industrial
wastes for sustainable bioproduction of citric
acid by Aspergillusniger. Biochem. Eng. J., 2011,
54: 83-92.

Angumeenal, A.R., Venkappayya, D. An
overview of citric acid production. LWT - Food
Sci. Technoal., 2013; 50: 367-70.

Dhillon, G.S., Brar, SK., Kaur, S., Verma M.
Bioproduction and extraction optimization of
citric acid from Aspergillus niger by rotating
drum type solid-state bioreactor. Ind. Crop
Prod., 2013; 41: 78-84.

Li, A., Pfelzer, N., Zuijderwijk, R., Punt, P.
Enhanced itaconic acid productionin Aspergillus
niger using genetic modification and medium
optimization. BMC Biotechnol., 2012; 27: 121-
8.

Papanikolaou, S., Galiotou-Panayotou, M.,
Fakas, S., Komaitis, M., Aggelis, G. Citric acid
production by Yarrowia lipolytica cultivated on
olive-mill wastewater-based media. Bioresour.
Technol., 2008; 99(7): 2419-28.

Samragy, Y.A., Khorshid, M.A., Shehata, A.E.
Effect of fermentation conditions on the
production of citric acid from cheese whey. Int.
J. Food Microbioal., 1996; 29(2-3): 411-6.
Alam, M.A., Jamal, P., Nadzir, M.N.
Bioconversion of palm oil mill effluent for citric
acid production: statistical optimization of
fermentation media and time by central
composite design. World J. Microb. Biotechnol .,
2008; 24(7): 1177-85.

Betiku, E., Adesina, O.A. Statistical approach

J PURE APPL MICROBIO, 8(SPL. EDN.), MAY 2014.

21.

22.

23.

24.

25.

26.

27.

28.

29.

to the optimization of citric acid production.
Biomass Bioenerg., 2013; 55: 350-4.

Lee, JH., Yun, H.S. Effect of temperature and
pH on the production of citric acid from cheese
whey by Aspergillus niger. Korean J. Mycol.,
1999; 27: 383-5.

Pazouki, M., Felse, PA., Sinha, J., Panda, T.
Comparative studies on citric acid production
by Aspergillusniger and Candida lipolyticausing
molasses and glucose. Bioprocess Eng., 2000;
22: 353-61.

Ambati, P, Ayyanna, C. Optimizing medium
constitutes and fermentation conditionsfor citric
acid production from palmyra jaggery using
response surface method. World J. Microbiol.
Biotechnol., 2001; 17: 331-5.

Drysdale, C.R., McKay, A.M. Citric acid
production by Aspergillus niger in surface
culture on inulin. Lett. Appl. Microbiol., 1995;
20(4): 252-4.

Vohra, A., Satyanarayana, T. Statistical
optimization of the medium components by
response surface methodology to enhance
phytase production by Pichia anomala. Process
Biochem., 2002; 37: 999-1004.

Yoon, J.H., Woo, JW., Rho, H.J.,Ahn, J.R., Yu,
S.J., Lee, Y.B., Moon, C.K., Kim, S.B.
Optimization of adhesive strength to plywood
of gelatin processed from dorsal skin of yellowfin
tuna, Korean J. Chem. Eng., 2008; 25: 134-8.
Roukas, T. Citric and gluconic acid production
from fig by Aspergillus niger using solid-state
fermentation. J. Ind. Microbiol. Biotechnol.,
2000; 25(6): 298-304.

Berthouex, P.M., Brown, L.C. Factorial
experimental designs. In: Statistics for
environmental engineers. 1994; CRC press, Boca
Raton, 129-34.

Hang, Y.D., Woodams, E.E. Production of citric
acid from corncobs by Aspergillus niger.
Bioresour. Technol., 1998; 65: 251-3.



