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Abstract
The present work emphasizes on citric acid production from distillery spent wash containing 
carbohydrates that has been tested to be novel and potential substrate. Pre-treatment of distillery 
spent wash was studied in an anaerobic digestion by suspended growth system under shifting hydraulic 
retention time and organic loading rate as well as physicochemical parameters. Fungi strain PN12 was 
applied for citric acid production using raw post methanated waste (treated spent wash). A potent 
fungus was identified by molecular characterization (18S rRNA). To find phylogenetic relatedness gene 
sequence of potent culture PN12 has been compared with other sp. gene sequences registered at 
database of NCBI and the phylogenetic tree was created by software. For enhancement of citric acid 
production was carried out in different nutritional and environmental parameters such as inoculum 
size (2 to 10 %), incubation period (24 to 144 h), pH (2 to 7), temperature (25 to 37°C), nitrogen source 
(organic and inorganic 0.1 g/L), phosphorus source (0.1g/L). The detection of enzymes activities specified 
that the pathway of  pyruvate carboxylation enhanced, which proposed carbon flux to citric acid it was 
reorganized in strains. Analysis of biosynthesized products by UV/Vis spectrophotometer and HPLC. 
Initial sugar and consumed sugar determined by DNSA method and also estimated cell dry weight.
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INTRODUCTION
 Currently, trend increment of citric 
acid production due to many progressive uses 
upcoming to bright in various applied field. The 
probable application of citric acid in drug delivery, 
biopolymers, engineering of tissue and several 
additional promising biomedical uses Ashkan et 
al., (2010). Nowadays application of citric acid 
in various field such as pharmaceuticals, food 
processing industry, and other applied industry. 
Different type of raw substrates such as molasses 
and high rich carbohydrates compound have 
been applied as substrates for profitable citric 
acid production Soccol et al., (2006). Therefore, 
in this study we have selected inexpensive novel 
substrate distillery spent wash for production of 
citric acid by newly isolated Aspergillus fumigatus.
 Various type of responsible citric acid 
producing microorganisms involving fungi such as 
Aspergillus niger, Aspergillus phoenicis, Aspergillus 
foetidus, Penicillium janthinellum, Aspergillus 
fonsecaeus, bacteria such as B. licheniformis, 
Corynebacterium spp., Arthrobacter paraffinens 
and yeasts, such as Yarrowia lipolytica, Hansenula 
anamola, Candida tropicalis, Candida citroformans, 
Candida oleophila, Candida guilliermondii, 
Vandenberghe et al., (2017). Characterization of 
various nutritional and environmental condition 
are involved for enhance production of citric acid 
and potential microbial growth. Bari et al., (2010)& 
Lotfy et al.,(2007). 
 There are three steps for citric acid 
synthesis as per biochemical and metabolic point 
of view, the first step involving pyruvate pathway 
consider sugar degradation with the conversion 
of glucose into pyruvate; the second step indicate 
the carboxylation of pyruvate and oxidative 
decarboxylation of pyruvate; the third step stands 
for the tricarboxylic acid cycle and citric acid 
accumulation Papagianni et al., (2007).

MAteRiAls AND MethODs
Isolation, Screening Condition and Identification 
of Citric acid producing strain
Isolation
 The novel citric acid producing potent 
culture PN12 was cultivated from compost pit, 
spoiled fruits, curd, dumping site, fertile soil etc. 
were collected from Sadra, Gandhinagar, Gujarat. 1 
g of each samples were added into sterile distilled 

water e.g. 10 mL and then settle down for serial 
dilutions. From each dilution 0.1 mL spread on PDA 
plate and incubation condition at 30°C for 5 days.
Screening Condition
 In order to study citric acid fermentation, 
for citric acid production there was 22 fungal 
cultures examined. In this study raw post 
methanated waste (treated spent wash) without 
any nutrient supplement was selected as 
fermentation medium in 250 mL Erlenmeyer flasks 
and inoculated fungal spore in a post methanated 
waste and then incubated at 30 °C under shaking 
120 rpm. After completion of 96 h incubation time 
the Whatman No. 41 was used for filter fermented 
broth and the supernatant was applied for analysis 
of citric acid production.
Identification
 Based on screening condition for the 
selection of potent citric acid producing strain. The 
potent strain PN12 characterized by morphological 
and microscopic observation. Further validation 
was completed by 18s rRNA gene sequencing at 
GSBTM, Gandhinagar, India. (Genebank accession 
No. MH791044).
Collection of spent wash for the citric acid 
production and it’s anaerobic digestion
 In present study carbohydrate rich 
distillery spent wash collected from Madhi, Surat, 
Gujarat, India. The laboratory scale suspended 
growth reactor was constructed using glass 
anaerobic rector and active biogas slurry was 
inoculated into reactor. Suspended growth was 
develop for a period of 15 to 25 days till cell 
mass was enriched. Alternate feeding of spent 
wash with a HRT of 10 days initially operated for 
reactor. The HR Taltered from 10 to 5 days HRT 
with an increment of OLR. Constant COD and color 
reduction of the effluent judged at steady state 
condition. 
Inoculum preparation
 Spore inoculum of cultivated was made 
from 5 days active culture on potato dextrose agar 
slants at 30°C. Spore suspension was developed 
from grown fungal mycelia with sterile distilled 
water to achieved a absolute amount of ~ 1 106 ׳ 

spores / mL.
Characterization of process parameter on citric 
acid production
 A one at a time optimized various 
parameters conducted such as nutritional and 
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environmental parameters. The experiments were 
conducted 250 mL flask containing 100mL waste 
water (treated spent wash). After inoculation 
(fungi) maintain under following operational 
conditions.
Effect of inoculum size on production of citric acid 
 Different inoculum size was taken and 
their effect noticed in terms of citric acid by 
selected fungal culture. The inoculum sizes from 
2, 4, 6, 8 and 10 % v/v to optimize and enhance 
production of citric acid.
Effect of incubation period on production of 
citric acid 
 Another important factor was incubation 
time optimization which can be evaluated by 
different incubation period at 24, 48, 72, 96 
and 120 h to optimization and enhancement 
production of citric acid 
Effect of pH on production of citric acid 
 Attempted for examine the optimum pH 
on production of citric acid with fungal culture, the 
pH of synthetic media was varied in range of 2, 3, 
4, 5, 6 and 7 pH was adjusting using 1N NaOH and 
1N H2SO4.
Effect of temperature for citric acid production
 Temperatures optimize one of the most 
important parameters essential for the success of 
fermentation. Different temperature such as a 25, 
28, 30, 32, 35, 37 and 40 °C studied to optimize 
and enhance production of citric acid.
Effect of nitrogen source on production of citric 
acid
 Citric acid production was studied on 
different nitrogen source (0.1 g/L) concentration of 
tryptone, malt extract, yeast extract, peptone, beef 

extract, urea, NaNO3, NH4Cl, NH4H2PO4, NH4NO3 
and (NH4)2SO4 .
Effect of percentage of NH4NO3 on production of 
citric acid
 Different percentages of NH4NO30.05, 0.1, 
0.15, 0.2, 0.25 and 0.3 g/L were studied to optimize 
and enhance production of citric acid.
 Effect of phosphorous source on production of 
citric acid
 Various phosphorous source such 
as K2HPO4, KH2PO4, Na2HPO4, NaH2PO4 were 
performed for citric acid production.
Effect of percentage ofKH2PO4 on production of 
citric acid
 Various phosphorous source were 
investigated for enhance production of citric acid 
at concentration at ranged from 0.05 to 0.3 g/L.
Enzymatic studies 
Preparation of cell free extract
 Mycelium was harvested (regular 
time interval of 24 h), washed with double 
distilled water until the pH was observed neutral, 
resuspended in 5 mL of phosphate buffer (0.1 
M, pH 7.4) comprising DTT (1 mM). Equal 
amount of glass beads was added in biomass to 
make a thin paste and homogenized by blender 
(maximum speed for 1 min). Diluted homogenized 
suspension by an equalsize of phosphate buffer 
and filter by Whatman No. 41. Mixture was 
centrifuged at 15,000 µg, 4°C, for 25 min and crude 
enzyme collected as supernatant All experiments 
conducted at 0 to 4°C.
Enzyme assay
 Acotinase activity was detected at 240 
nm and isocitrate dehydrogenase NAD and NADP 

Fig. 1. Phylogenetic tree of strain PN12

Aspergillus fumigatus strain Mf22500 Mh911384

Aspergillus fumigatus strain CBS 419 aMH858474

Aspergillus fumigatus strain SWTPF8 Mh840683

Aspergillus fumigatus strain MF22415 Mh911416

Aspergillus fumigatus strain MF22480 MH911400

Aspergillus fumigatus strain MF22397 MH911400

Aspergillus fumigatus strain TZT-18-24 MH91847

Aspergillus fumigatus strain S2618 MG575498

Aspergillus fumigatus strain SWTPF36 MG840711

Aspergillus fumigatus strain PN12 MH791044
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activity was measured Gupta et al., (2002). Enzyme 
activity defined as one unit of enzymatic activity 
change in absorbance U/mg of protein of the 
enzyme. Total Proteins were quantified by Lowry et 
al., (1951) with standard as bovine serum albumin. 
All enzyme activities were done with triplicates.
Analytical Method
 The fermented broth was filtered through 
Whatman No. 41 to separate mycelia, and the 
filtrate was taken for analysis. Determination 
of citric acid done by pyridine-acetic anhydride 
method Ali et al., (2015). We also conformed HPLC 
analysis by an ultra violet and refraction index 
detector (UV/RID) and C18 300 mm column. The 
functioned of column carried out at 65°C with 
0.005 mol/L. The mobile phase used as a H2SO4 
with 0.6 mL/min. Dry biomass estimated by 
gravimetric study. All investigation carried out with 
triplicates and samples collected from each was 
analyzed for production of citric acid. The results 
obtained in the present study was subjected to 
standard deviation (S.D).

RESULTS AND DISCUSSION
Isolation and phylogenetic analysis of culture 
PN12
 In order to screen citric acid producing 
microbes were developed from compost pit, 
composting, spoiled fruits, curd, dumping site and 
farm soil of Sadra, Gandhinagar, Gujarat, India. 22 
isolates were tested for production of citric acid 
in batch fermentation using post methanated 
waste without any nutrient supplement. The 

maximum citric acid production was obtained 
by culture PN12 which was promising for its 
ability to produce the maximum citric acid 
concentrations as indicated by HPLC and UV 
Visible analysis. Preliminary identification of 
fungal culture was done by morphological and 
microscopic examination. During morphological 
examination on PDA plate, the colony observed 
as velvet like whitish colony, which later turns to 
greenish. Microscopic examination resulted as 
conidial heads, shining, fragmented into stakes, 
green colored and calculated up to 260260׳µm 
in size. The conidiophores found to be originated 
that appeared in greenish color lately. The fungal 
culture submitted as 18S rRNA gene sequence 
to NCBI (Accession No. MH791044). To find 
phylogenetic relatedness gene sequence of A. 
Fumigatus PN12 has been compared with other 
Aspergillus sp. gene sequences registered at NCBI 
database and the phylogenetic tree was generated 
using Mega 5.2 software.
Physicochemical characterization of distillery 
spent wash
 Physico-chemical characterization of 
distillery spent was analyzed by individually 
parameters. The pH, gravimetric analysis, chemical 
oxygen demanded, biological oxygen demanded, 
total Kjeldahl nitrogen, Reducing sugar, Total sugar, 
sodium and potassium detected using various 
methods as shown in Table 1.
Effect of inoculum size for citric acid production
 Inoculum volume is  one of  the 
important factor and the production activities 

Table 1. Characteristic of Spent wash

Factors Units Techniques Distillery Methanated
   Spent Wash Waste water

pH   3.5-4.5 7.0-7.4
Reducing sugar mg/L Dinitrosalicylic acid 30,000-60,000 40,000-50,000
Total sugar mg/L Anthrone 60,000-80,000 55,000-70,000
COD mg/L Close reflux method 1,10,000-1,50,000 50,000-80,000
BOD mg/L Azide Modification 30,000-40,000 15,000-20,000
TS mg/L Dried at 102 ± 2°C 1,10,000-1,50,000 50,000-75,000
TDS mg/L Dried at 102 ± 2°C 70,000-1,10,000 45,000-65,000
TSS mg/L Dried at 102 ± 2°C 10,000-12,000 7,500-8,000
TVS mg/L Dried at 550 ± 2°C 60,000-80,000 18,000-24,0000
Sulphate mg/L Turbidometric method 5,000-6,500 6,500-7,000
Phosphate mg/L Colorimetric method 1,500-1,650 1,600-2,000 
Total nitrogen mg/L Total Kjeldahl method 3,500-4,000 2,000-2,500
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of microorganism are affected by change in 
inoculum size. Optimization study was carried out 
with the, PN12. Inoculum size plays an important 
role because of sufficient cell mass required to 
successfully convert substrates to product and 
also increase production of citric acid. Influence of 
inoculum size for citric acid production evaluated 
with addition of different inoculum ranged from 
2.0 to 10 % (V/V). The maximum production 
of citric acid (3.05±0.25g/L) attained with the 
inoculum size at 6 % v/v. A further increase or 
decrease than optimum inoculum concentration 
showed gradually decline in citric acid production 
(Fig. 2). The reason to this recognized to DO 
limitation and increase in competition towards 
nutrients for growth and metabolism affecting 
the product formation. Maharani et al., (2014) 
investigated higher citric acid production was 
achieved with inoculum size at 6 % using A. niger. 
Adeoye et al., (2015) also tested the use of 2 to 10 
% inoculum size for enhance citric acid A. niger. 
Effect of incubation period for production of 
citric acid
 Incubation time for fungi is several hours. 
To performed influence of incubation period 24 to 
144 h for citric acid production tested raw material 

showed in post methanated waste water. During 
fermentation, highest citric acid production (3.98 ± 
0.86 g/L) achieved with 96 h and there after failed 
progressively. Ali et al., (2015) suggested the best 
fungi growth and production time response to high 
yield of production depends on potent strain and 
growth maintained materials. Our data finding 
with Angumeenal et al., (2005) they observed 
highest production of citric acid noted after 96 h. 
Barrington et al., (2008) investigated the highest 
achieved production of citric acid within 152 h and 
120h respectively from A.niger.
Effect of pH for citric acid production
 Initial pH of culture medium is one of 
the key influences production of citric acid in 
fermentation. To investigate the consequence of 
pH on the fermentation media was varied ranged 
2 to 7 using raw materials as post methanated 
waste water. In the present study highest citric 
acid production (5.91 ± 0.36 g/L) was noticed at pH 
6.0. However, it was also monitored A. fumigatus 
exhibited good production in narrow pH range 
from 5.5 to 6.0 with marked less productivity at pH 
up to 6.5. Further decrease in pH production ability 
of A. fumigatus was subsequently reduced. For 
production of citric acid and culture growth was 

Table. 2. The Effect on enzyme activities (U/mg protein) in A. fumigatus

Enzymes 12h 24h 48h 72h 96h 120h

Acotinase 1.01±0.09 1.64±0.12 2.21±0.19 2.80±0.08  3.19±0.023 2.54±0.01
NAD + Isocitrate 0.86±0.02 1.56±0.06 1.89±0.15 2.50±0.23 3.0±0.15 2.34±0.10
Dehydrogenase
NADP+ Isocitrate 0.95±0.11 1.35±0.03 1.75±0.01 2.27±0.05 2.91±0.17 2.48±0.19
Dehydrogenase

Fig. 2. Effect of inoculum size on production of citric acid Fig. 3.Effect of incubationperiod for citric acid production
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Fig. 4.Effect of pH for the citric acid production Fig. 5.Effect of temperature on citric acid production.

observed in pH of approximately 3.0 to 6.0 Soccol 
et al., (2006). Emeka et al., (2012) have reported 
higher citric acid production by Aspergillus EGN003 
at pH 5.5. However, substrate used as a banana 
peel by Aspergillus niger MTCC 282 has been 
investigated to increase drastically under 3 to 5 
ranges Emeka et al., (2010).
Effect of temperature for citric acid production
 The influence of temperature for 
production of citric acid is correlated to the 
organisms growth. Metabolic productivity is 
very sensitive to the incubation temperature. In 
present study, citric acid production conducted 
in a different ranged at 25 to 40°C. The highest 
production of citric acid was achieved at 30°C. It 
has been also tested at above 30 °C temperature 
there was drastically affected on citric acid 
production. At temperature lower or higher than 
optimum, less citric acid production was observed.
Ali et al., (2015) used arginine as a nutritional 
ingredient for citric acid production by A. ornatus 
at 30°C. Walid et al., (2007) have been constituted 
the desired temperature at 31.5°C for maximum 
citric acid production. Xu et al., (2015) investigated 
best production of citric acid at 37.5 °C from 

cassava and corn powder by A. niger.
Effect of Nitrogen Source for production of citric 
acid
  Nitrogen sources have an important 
influence on the extent of citric acid production. 
To investigated influence of nutrient source 
for production of citric acid. various nitrogen 
source surplus separately to the treated spent 
wash. Amongst various type of nutrient source 
NH4NO3 was found to support maximum citric acid 
production (8.36±0.56 g/L) which was enhanced 
nitrogen source than organic nitrogen sources. 
However, other inorganic nitrogen sources, 
(NH4)2SO4, NH4H2PO4 and NH4Cl gave favorable 
response for citric acid production, and organic 
nitrogen sources reported less productivity of 
citric acid. Max et al., (2010) observed that in lab 
scale investigation are usually complemented with 
ammonia salt which responsible reduction in pH 
which gives favorable fermentation process.
 Our results accordance with Yasser et 
al., (2012) who investigated A. niger produced 
maximum citric acid when NH4NO3 used as an 
inorganic nitrogen source from date syrup. 
However, Shankar et al., (2016) was also reported 

Fig. 6.Effect of nitrogen source on citric acid production. Fig. 7. Effect of % NH4NO3 for production of citric acid
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NH4Cl as a best nitrogen source for enhance 
production of citric acid by A. niger. On the other 
hand the production of citric acid from Aspergillus 
niger ATCC 9142 with urea as a potent nitrogen 
source revealed by Darani et al., (2008).
Effect of % NH4NO3 for production of citric acid
 The result revealed that the NH4NO3 as 
a prominent source on synthesis of citric acid 
and its concentration ranged at 0.05 to 0.3%. In 
present study concluded the 0.2 % best range of 
production of citric acid. Ali et al., (2011) observed 
production of citric acid within NH4NO3 from paddy 
straw. We inspected that production of citric acid 
greatly effected by fungal culture correlated to the 
above or below at 0.2 % of NH4NO3. It has been 
also inspected that increment of concentration 
of nitrogen source more than 0.2 % resulted in a 
reduction in production of citric acid. Kareem et al. 
(2010) also observed the NH4NO3 as a good source 
for highest citric acid production.
Effect of Phosphorus source for production of 
citric acid
 In direction to evaluated the influence 
of different phosphorus sources for the citric 
acid production. The citric acid production 
was higher while KH2PO4 used as a phosphrous 
source. Highest citric acid production was (8.01 
± 0.23g/L) which was better than other sources 
of phosphrous. According to Papagianni et al., 
(2007) supplementary phosphate can enhanced 
stimulates biomass growth and secondary 
reactions. However, proved that CA gathered when 
phosphate restrictived, even absence of nitrogen.
Effect of % of KH2PO4 on citric acid production
 KH2PO4 have an important influence 
on the extent of citric acid production. Fungal 

culture exhibited highest citric acid production 
when KH2PO4 added in the medium. In the 
present study, different ranged at 0.05 to 0.3 % of 
KH2PO4 for enhance production of citric acid. To 
achieved results investigated high yield of citric 
acid (10.2±0.14g/L) with 0.1 % KH2PO4. It has been 
also noticed KH2PO4 concentration above 0.25 
% reduced the citric acid production gradually. 
Qurban et al., (2017) has suggested comparable 
observation that the restriction of phosphorus 
source might be positively affect on citric acid 
production, while highly presented phosphate 
could reduction in fixation of CO2 and responsible 
for production of sugar acids. 
Enzymatic Study 
 In order to conclude the biochemical 
rationale for regulation of CA production, 
Specific activities of acotinase, NAD+-isocitrate 
dehydrogenase and NADP+-isocitrate dehydro-
genase were strain PN12 with respect to citric 
acid production. Induction of various enzymes 
during citric acid productive mechanism and also 
supports the active role of microorganisms in the 
synthesized process. As presented in Table. 2. 
Specific activity of acotinase in high CA yielding 
strains of A. fumigatus during the fermentation 
period of 96 h. It was observed that the activity 
level of acotinase in PN12 was consistently higher 
throughout the entire period of fermentation. 
Gupta et al., (2002) was indicated that acotinase 
activity high during citric acid production using 
A.niger. But, NAD+ isocitrate dehydrogenase 
and NADP+ isocitrate dehydrogenase exhibited 
comparatively lower specific activities. That 
also noticed during fermentation production of 
citric acid high and lower as well as , the level of 

Fig. 8. Effect of phosphrous source on citric acid 
production 

Fig. 9.Effect of % of KH2PO4on citric acid production.



  www.microbiologyjournal.org606

Aghera & Bhatt J Pure Appl Microbiol, 13(1), 599-607 | March 2019 | DOI 10.22207/JPAM.13.1.69

Journal of Pure and Applied Microbiology

acotinase, NAD+ isocitrate dehydrogenase and 
NADP+-isocitrate dehydrogenase was significantly 
increase and reduced.

CONCLUSION
 Currently citric acid production trends 
widely due to economic importance so existing 
research work planned and attempted for 
optimize different processes. The optimization 
parameters carried out for enhancement of citric 
acid productivity and gained more productivity 
than initial condition. The production of citric 
acid by newly isolated Aspergillus fumigatus PN12 
using economical post methanated waste under 
optimized condition. The potency of this fungi 
can be further improved by developing more 
precise and less costly methods for production 
of citric acid using priceless substrate. The citric 
acid production confirmed through HPLC analysis 
as well as biochemical rationale. In conclusion, 
distillery spent wash has prospective and novel 
to be a significant substrate used for synthesis of 
citric acid by Aspergillus fumigatus.
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