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ABSTRACT 

This study comprises of Citric acid production using novel technique Solid State Fermentation. Citric acid was 

produced by sugar cane bagasse (waste) and Aspergillus niger activated culture via solid state fermentation 

process. All samples were cut, dry, per treatment and sieved for less than 0.85 mm and 0.85 mm to 1.40 mm 

particle size. The moisture contain was regular maintained which played very important in fermentation process. 

The sugar from the sample can be estimated using dinitrosalicylic acid colorimetric method and Anthrone 

colorimetric method. The produced citric acid estimated by acetic anhydride and pyridine. In present study, citric 

acid production, sugar utilization and analysis 150 mg/gm of citric acid produces. 
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1. INTRODUCTION: 

Citric acid fermentation was first observed as a fungal product by Wehmer in 1893 by a culture of Penicillium 

glaucum on sugar medium. After a few years, he isolated two new fungal strains with the ability to accumulate 

citric acid, which were designated Citromyces (Penicillium). However, industrial trials did not succeed due to 

contamination problems and long duration of fermentation. It was the work of Currie which opened up the way for 

successful industrial production of citric acid. In 1916, he found that numerous strains of Aspergillus niger 

produced significant amounts of citric acid. The most important finding was that Aspergillus niger grew well at 

pH values around 2.5–3.5 and high concentrations of sugars favour citric acid production. [1] 
 

The first citric acid fermentations were carried out in surface cultures. In the 1930s, some units were implanted in 

England, in Soviet Union, and in Germany for the commercial production. In general, citric acid is commercially 

produced by submerged microbial fermentation of molasses; the fermentation process using Aspergillus niger is 

still the main source of citric acid worldwide. Although methods were well developed to synthesise citric acid 

using chemical means, better successes were achieved using microbial fermentations, and over the period of time, 

this technique has become the method of ultimate choice for its commercial production over chemical synthesis. 

Despite that, the introduction of submerged fermentation presented several problems, including the choice of 

productive strains with low sensitivity to trace elements. It was necessary to consider raw material much more 

carefully. Several works were dedicated to the optimization of the conditions for the utilization of cheap material 

like sugar cane molasses, beet molasses, starch and hydrolysate starch. Various processes for treating and 

purifying molasses were developed, especially for the removal of trace metals. Moreover, it was found that a small 

excess of copper ions was beneficial to achieve high yields of citric acid. [5] 
 

There are annual growths of 3.5–4.0 % in demand/ consumption of citric acid. In the last years, a considerable 

interest has been shown in using agricultural products as alternative sources of carbon and their wastes such as 

maize, apple and grape pomace, pineapple, mandarin orange and brewery wastes, citrus and kiwi fruit peel for 

citric acid production by Aspergillus niger. The industry is seeking newer cheap and economic process 

technology. [11] 
 

2. MATERIAL AND METHOD: 
3.  

2.1. Micro-Organism 
3.  

A citric acid producing strain of Aspergillus niger 1055, was procured from National Collection of Industrial 

Microorganisms (NCIM), National Chemical Laboratory Pune. It was maintained on Sabouraud Dextrose Ager 

(SDA) slants and subculture periodically which were stored at 4 ℃. 
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2.2. Media Preparation 

Bagasse was sun dried, cut into small pieces, grounded and screened to collect two fractions of different particle 

sizes, less than 0.85 mm and 0.85mm to 1.40 mm. Bagasse (3 g) of sired particle size was taken in 250 ml 

Erlenmeyer flasks and moistened with medium (20% sucrose, 0.25%, NH4NO3, 0.1%, KH2PO4, 0.025%, MgSO4 

and 0.004%, CuSO4, pH 4.0) to set the 75% moisture level. Media were sterilised at 121 ℃ for 60 min to provide 

proper cooking of the substrate and to increase its susceptibility to microbial attack. 

2.3. Inoculum 

Activated culture was inoculated in sterilized SDA broth and incubated at 120 rpm for 48 hr. which was then used 

as inoculums for SSF. Spore count in activated culture was calculated used counting chamber and find spore count 

(1×10
7
) was maintained. 

2.4. Solid State Fermentation 

Each flask, containing medium was inoculated with 1 ml of spore suspension followed by mixing and incubation 

at 30±2 ℃, inside the humidity-controlled incubator. 4% (w/v) Methanol was added to the medium before 

inoculation. One flask was harvested every day for the estimation of citric acid produced and sugar consumed, till 

whole sugar consumed. Sampling was continued until all the sugar of the medium was consumed. 

2.5. Analytical Methods 

There are two methods used for sugar estimation calorimetric determination of glucose by the 3,5-dinitrosalicylic 

acid method and anthrone method [42] and citric acid estimation by acetic anhydride and pyridine method [43]. 

3. RESULTS AND DISCUSSION: 

The present work consisted of comparison and selection of suitable carrier bagasse for citric acid production by 

SSF. The effects of different particle size of bagasse, sugar level, and citric acid concentration in the fermentation 

medium, have been studied.  

3.1. Reducing Sugar Estimation by DNS Method 

 

Chart 1: Comparison of substrates for reducing sugar consumption DNS method 
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3.2. Total Sugar Estimation by Anthrone Method 

 

Chart 2: Comparison of substrates for total sugar consumption Anthrone method 

3.3. Citric Acid Production 

 

Chart 3: Comparison of substrates for citric acid production 

4. CONCLUSION: 

From the experiments it is evident that fermentation is the route to be taken if cheap production of citric acid is to 

be carried out. The sugar estimation and citric acid estimation have been carried out successfully. The sugar 

estimation experiments showed that not all the sugar gets consumed in the fermentation process. This is because 

of the inhibition caused by the citric acid produced. The maximum citric acid production was obtained from media 
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0.85 to 1.40 mm particle size. The less than 0.85mm particle size sugar concertation is high but media create 

agglomeration form then citric acid production is less.  

REFERENCES 

[1]. Sohaib Rafaqat Ali, Zahid Anwar, Muhammad Irshad, Saima Mukhtar and Nabeela Tariq Warraich, “Bio-

synthesis of citric acid from single and co-culture-based fermentation technology using agro-wastes” Journal 

of Radiation Research and Applied Sciences Vol. 30(6) (2015)   

[2]. Abhishek Sharan, Amit Alexander Charan, Ahkilesh Bind and Shashi Bhusan Tiwari, “Citric acid 

production from pre-treated sugarcane bagasse by Aspergillus niger under solid state fermentation” Asian 

Journal of Bio Science Vol. 10(2) (2015) 162-166 

[3]. Sunil Jayant Kulkarni, “Production of Citric Acid: A Review on Research and Studies” International Journal 

of Advanced Research Foundation Vol. 2(11) (2015) 

[4]. Masoud Yadegary, Adel Hamidi, Seyed Abolhasan Alavi, Ebrahim Khodaverdi, Hamid Yahaghi, Sara 

Sattari, Ghasem Bagherpour and Emad Yahaghi, “Citric Acid Production From Sugarcane Bagasse through 

Solid State Fermentation Method Using Aspergillus niger Mold and Optimization of Citric Acid Production 

by Taguchi Method” Jundishapur Journal of Microbiology 6 (2013) 7625. 

[5]. G. Narasimha, A. Srilakshmi, A. Praveen Kumar and K. Hariveeran Goud, “Citric acid productwrion by 

Aspergillus niger through solid state fermentation using fruit wastes” Bio-Technology an Indian Journal 6(3) 

(2012) 93-96   

[6]. Ana Maria Torrado, Sandra Cortes, Jose Manuel Salgado, Belén Max, Noelia Rodríguez, Belinda P. Bibbins, 

Attilio Converti and Jose Manuel Domínguez, “Citric acid production from orange peel wastes by solid state 

fermentation” Brazilian Journal of Microbiology vol. 42 (2011) 394-409 

[7]. Sivakumar Nallusamy and Alagarsamy Karthikeyan, “Citric acid production by Koji fermentation using 

banana peel as a novel substrate” Bio resource Technology 101 (2010) 5552–5556 

[8]. Alaleh Zoghi and Kianoush Khosravi Darani, “Comparison of pre-treatment strategies of sugarcane 

bagasse: Experimental design for citric acid production” Bioresource Technology 99 (2008) 6986–6993 

[9]. Ashish Kumar and V. K. Jain, “Solid state fermentation studies of citric acid production” African Journal of 

Biotechnology Vol. 7 (5) (2008) 644-650 

[10]. Walid A. Lotfy, Khaled M. Ghanem and Ehab R. El-Helow, “Citric acid production by a novel Aspergillus 

niger isolate: I. Mutagenesis and cost reduction studies” Bio resource Technology 98 (2007) 3464–3469 

[11]. Walid A. Lotfy, Khaled M. Ghanem and Ehab R. El-Helow, “Citric acid production by a novel Aspergillus 

niger isolate: II. Optimization of process parameters through statistical experimental designs” Bio resource 

Technology 98 (2007) 3470–3477 

[12]. Carlos R. Soccol, Luciana P. S. Vandenberghe, Cristine Rodrigues and Ashok Pandey, “New Perspectives 

for Citric Acid Production and Application” Food Technol. Biotechnol. 44 (2) (2006) 141–149 

[13]. Luciana Porto de Souza Vandenberghe, Carlos Ricardo Soccol and Flavera Camargo Prado, “Relation 

between citric acid production by solid-state fermentation from cassava bagasse and respiration 

of Aspergillus niger LPB 21 in semi-pilot scale” Brazilian Archives of Biology and Technology Vol. 48 

(2005) 29-36 

[14]. F. C. Prado, L. P. S. Vandenberghe, A. L. Woiciechowski, J. A. Rodrigues-Leon and C. R. Soccol “Citric 

acid production by solid-state fermentation on a semi-pilot scale using different percentages of treated 

cassava bagasse” Brazilian Journal of Chemical Engineering Vol. 22 (2005) 547 - 555 

[15]. Carlos R. Soccol, Luciana P. S. Vandenberghe, F. C. Prado and Ashok Pandey, “Comparison of Citric Acid 

Production by Solid-State Fermentation in Flask, Column, Tray, and Drum Bioreactors” Applied 

Biochemistry and Biotechnology Vol. 118 (2004) 293-303 

[16]. Ashok Pandey, “Solid-state fermentation” Biochemical Engineering Journal 13 (2003) 81–84 

[17]. Carlos R. Soccol and Luciana P.S. Vandenberghe, “Overview of applied solid-state fermentation in Brazil” 

Biochemical Engineering Journal 13 (2003) 205–218 

[18]. D. Kumar, V.K. Jain, G. Shanker and A. Srivastava, “Citric acid production by solid state fermentation using 

sugarcane bagasse” Process Biochemistry 38 (2003) 1731-1738 

[19]. S. A. Shojaosadati and V. Babaeipour, “Citric acid production from apple pomace in multi-layer packed bed 

solid-state bioreactor” Process Biochemistry 37 (2002) 909–914 

[20]. Luciana P.S. Vandenberghe, Carlos R. Soccol, Ashok Pandey and J.M. Lebeault, “Solid-state fermentation 

for the synthesis of citric acid by Aspergillus niger” Bioresource Technology 74 (2000) 175-178 

http://jjmicrobiol.com/index.php?page=search&article_author_fname=Masoud&article_author_mname=&article_author_lname=Yadegary&do_search=1&type=authors
http://jjmicrobiol.com/index.php?page=search&article_author_fname=Adel&article_author_mname=&article_author_lname=Hamidi&do_search=1&type=authors
http://jjmicrobiol.com/index.php?page=search&article_author_fname=Seyed%20Abolhasan&article_author_mname=&article_author_lname=Alavi&do_search=1&type=authors
http://jjmicrobiol.com/index.php?page=search&article_author_fname=Ebrahim&article_author_mname=&article_author_lname=Khodaverdi&do_search=1&type=authors
http://jjmicrobiol.com/index.php?page=search&article_author_fname=Hamid&article_author_mname=&article_author_lname=Yahaghi&do_search=1&type=authors
http://jjmicrobiol.com/index.php?page=search&article_author_fname=Sara&article_author_mname=&article_author_lname=Sattari&do_search=1&type=authors
http://jjmicrobiol.com/index.php?page=search&article_author_fname=Sara&article_author_mname=&article_author_lname=Sattari&do_search=1&type=authors
http://jjmicrobiol.com/index.php?page=search&article_author_fname=Ghasem&article_author_mname=&article_author_lname=Bagherpour&do_search=1&type=authors
http://jjmicrobiol.com/index.php?page=search&article_author_fname=Emad&article_author_mname=&article_author_lname=Yahaghi&do_search=1&type=authors
http://www.scielo.br/scielo.php?script=sci_serial&pid=1516-8913&lng=en&nrm=iso


Vol-3 Issue-2 2017    IJARIIE-ISSN(O)-2395-4396  

4727 www.ijariie.com 3982 

[21]. Ashok Pandey, Carlos R. Soccol, Poonam Nigam and Vanete T. Soccol, “Biotechnological potential of agro-

industrial residues. I: sugarcane Bagasse” Bioresource Technology 74 (2000) 69-80 

[22]. Ashok Pandey, Carlos R. Soccol, Poonam Nigam b, Vanete T. Soccol, Luciana P.S. Vandenberghe and 

Radjiskumar Mohan, “Biotechnological potential of agro-industrial residues. II: cassava bagasse” 

Bioresource Technology 74 (2000) 81-87 

[23]. J. Pintado, A. Torrado, M. P. Gonzalez, and M. A. Murado, “Optimization of nutrient concentration for citric 

acid production by solid-state culture of Aspergillus niger on polyurethane foams” Enzyme and Microbial 

Technology 23 (1998) 149-156  

[24]. Minyuan Lu, John D. Brooks, and Ian S. Maddox, “Citric acid production by solid-state fermentation in a 

packed-bed reactor using Aspergillus niger” Enzyme and Microbial Technology 21 (1997) 392-397 

[25]. T. Roukas and P. Kotzekidou, “Pre-treatment of date syrup to increase citric acid production” Enzyme and 

Microbial Technology 21 (1997) 273-276 

[26]. D. Mayilvahanan, G. Annadurai, V. Raju, M. Chellapandian, M.R.V. Krishnan and Kunthala Jayaraman, 

“Citric acid production Part 1: Strategies for reduction in cycle time for targeted yields” Bioprocess 

Engineering 15 (1996) 323-326 

[27]. G. Annadurai, V. Raju, M. Chellapandian and M.R.V. Krishnan, “Citric acid production Part 2: Recovery” 

Bioprocess Engineering 16 (1996) 13-15 

[28]. S. K. Khare, Krishna Jha and A. P. Gandhi, “Citric Acid Production from Okara (soy-residue) by Solid-state 

Fermentation” Bio resource Technology 54 (1995) 323-325 

[29]. Gutierrez Rojas, M. Cordova, J. Auria, R. Revah, and Favela Torres, “Citric Acid and Polyols Production by 

Aspergillus niger at High Glucose Concentration in Solid State Fermentation on Inert Support” Bio 

Technology Letters Vol.17(2) (1995) 219-224 

[30]. Ding-Bang Xu, Cynthia P. Madrid, Max Rohr and Christian P. Kubicek, “The influence of type and 

concentration of the carbon source on production of citric acid by Aspergillus niger” Applied Microbiology 

Biotechnology 30 (1989) 553-558 

[31]. I. S. Maddox, M. Hossain, and J. D. Brooks, “The effect of methanol on citric acid production from galactose 

by Aspergillus niger” Applied Microbiology Biotechnology 23 (1986) 203 – 205 

[32]. K. Lakshminarayana, K. Chaudhary, S. Ethiraj and P. Taur “A Solid-State Fermentation Method for Citric 

Acid Production Using Sugar Cane Bagasse” John Wiley and sons, Biotechnology and bioengineering Vol. 

17 (1975) 

[33]. K. Chojnacka, “Fermentation products” Chemical Engineering and Chemical Process Technology Vol. 5 

(2008) 

[34]. Mark William Dawson, “A Study of Citric Acid Production by Submerged Aerobic Fermentation using the 

Fungus Aspergillus niger” (1986) 12 

[35]. James N. Currie, “The Citric Acid Fermentation of Aspergillus niger” The Journal of Biological Chemistry 

Vol. 30 (1917) 

[36]. S. Bhargav, B. P. Panda, M. Ali, and S. Javed, “Solid-state Fermentation: An Overview” Chem. Biochem. 

Eng. Vol. 22 (1) (2008) 49–70  

[37]. Susana Rodrıguez Couto and Ma Angeles Sanroman, “Application of solid-state fermentation to food 

industry - A review” Journal of Food Engineering 76 (2006) 291–302 

[38]. Luciana P. S. Vandenberghe, Carlos R. Soccol, Ashok Pandey and Jean-Michel Lebeault, “Microbial 

Production of Citric Acid” Review Paper 

[39]. Carlos R. Soccol, Luciana P. S. Vandenbergh, Cristine Rodrigues and Ashok Pandey, “New Perspectives for 

Citric Acid Production and Application” Food Technol. Biotechnol. 44 (2) (2006) 141–149  

[40]. Y. Zhu, J.P. Smits, W. Knol and J. Bol, “A Novel Solid State Fermentation System Using Polyurethane Form 

as Inert Carrier” Biotechnology Letters Vol. 16 (6) (1994) 643-648  

[41]. Abonama O. M., Hoda Mahrous, El baz A. F., and Hamza H. A, “Production of Citric Acid by Candida 

lipolytica under Fermentation Conditions Using a Plackett-Burman Design” American Journal of Food and 

Nutrition Vol. 2(3) (2014) 43-48 

[42]. Dubois M, Gilles KA, Hamilton JK, Rebers PA and Smith F. “Colorimetric method for determination of 

sugars and related substrates” Division of Biochemistry, University of Minnesota, St. Paul, Minn Anal 

Chem (1956). 

[43]. Marier JR, Boulet M. Direct “Direct determination of citric acid in milk with an improved pyridine acetic 

anhydride method” Division of Applied Biology, National Research Council, Ottawa, Canada Manuscript 

received June (1958). 

 


