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 Abstract 

Citric acid fermentation was studied with different species of Yarrowia lipolytica using hydrocarbons. Among four 
species studied Y. lipolytica NCIM 3472 produced 0.29 kg/m3 citric acid. This species produced 0.38 kg/m3 citric acid 
with initial hydrocarbon concentration of 25 kg/m3.  Attempt to increase citric acid production by batch-fed mode of 
fermentation did not improve the production 

1. Introduction 

Until early 1970 Aspergillus niger and a few other molds were the only organisms used, 
however, with the increased interest in the fermentative utilization of n-alkanes, several reports 
describing their conversion to citric acid by yeasts soon appeared. Subsequently, it has been 
found that some yeast were also able to accumulate citric acid when grown on glucose (Tabuchi 
and Tanaka, 1970). According to Yamada (1977) citric acid production from n-paraffins has 
been studied since 1960 by the Japanese industry. Marchal et al., (1977) have found that the 
fermentation is biphasic. Citric acid begins to accumulate after exhaustion of nitrogen from the 
medium. Unlike the case with Aspergillus niger, the pH should be kept above 5. Low pH results 
in the production of polyhydroxy compounds (erythritol and arabitol) (Tabuchi and Hara, 1973). 
The advantage of using hydrocarbons is if the cost of hydrocarbons is comparable with other 
sources of carbohydrates then hydrocarbons can be a preferred substrate. It reduces the cost of 
recovery of citric acid taking into consideration that the hydrocarbons used are pure and make a 
two phase system and salts added for cellular requirement are assumed to be utilized by the 
organism (Miall, 1979). At the end of process three is a pure aqueous solution of citric acid, 
which can be easily recovered.  

In order to study citric acid fermentation four strains of Y. lipolytica namely Y. lipolytica NCIM 
3472, MTCC 35, MTCC 2829, MTCC 2830 grown on hydrocarbons. 

2. Materials and Methods 

Microorganisms Y. lipolytica MTCC 35, MTCC 2829, and MTCC 2830 were obtained from 
the Institute of Microbial Technology, Chandigarh, India and Y. lipolytica was obtained from 
the National Chemical Laboratory, Pune, India. 

Maintenance medium of Y. lipolytica strains Y. lipolytica was maintained on the yeast extract-
malt extract and agar medium. They were subcultured every month. The culture was grown at 
30 ± 1oC and stored at 4 ± 1oC until further use. 

Medium for Fermentation Studies with Y. (Candida) lipolytica  The composition of growth 
and production media for Y. lipolytica NCIM 3472, MTCC 35, MTCC 2829 and MTCC 2830 
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was according to a report by Rane and Sims (1995). A similar growth and production media 
were also used according to the report of Zhong et al. (1997).  

Development of inoculum 100 cm3 of growth medium in 500-cm3 Erlenmeyer flask was 
inoculated with 10% (v/v) of conidial suspension (approximately 105 conidia/cm3) and 
incubated on a rotary shaker maintained at 160 rev/min and at 30oC ± 2oC for 48 h.  A known 
volume of inoculum with cell concentration of 0.5 kg dry cell weight equivalent/dm3 
was taken from the broth. It was centrifuged aseptically and the supernatant was 
removed. Cells were added to the production medium. 
Estimation of citric acid A modification of the Marrier and Boulet method (1958) was used for 
the estimation of citric acid. This method is based on the Fürth and Herman reaction where 
pyridine and acetic anhydride react with citric acid in the broth in a quantitative manner. The 
intensity of the color as read by a spectrophotmeter is directly proportional to the citric acid 
content of the broth. 

Production of citric acid by Y. lipolytica using hydrocarbons The fermentation of citric acid 
production for screening by Y. lipolytica NCIM 3472, MTCC 35, MTCC 2829 and MTCC 2830 
in hydrocarbon medium was carried out in 500-cm3 Erlenmeyer flask with an initial pH of 5.5, 
temperature of 32oC ±2oC and 160 rpm. The pH of the fermentation medium was uncontrolled 
during the course of the fermentation. Composition of growth medium and production medium 
was as of Rane and Sims (1995) and Zhong et al. (1997). Fermentation studies were carried out 
as per conditions suggested with two replicas. Results are the average of two independent 
experiments with a variation of ±5%. In order to study citric acid production by Y. lipolytica 
NCIM 3472 using hydrocarbons, several batches of fermentation run were conducted. The 
ranges of initial substrate concentration studied were from 5 kg/m3 to 50 kg/m3. The maximum 
citric acid produced or the maximum citric acid yield obtained at a particular initial substrate 
concentration was selected as the optimum substrate concentration for further studies.  

Batch-fed mode of citric acid production by Y. lipolytica NCIM 3472 with hydrocarbon 
medium Fermentation run was conducted for citric acid production by Y. lipolytica NCIM 3472 
using hydrocarbon medium at optimum concentration with conditions above. Every 24 h 5 cm3 
sample was removed and n-hexane was added to assist the removal of hydrocarbons from cells 
(Moresi et al., 1980). The upper phase (containing residual hydrocarbon) was removed and the 
lower phase (broth) was centrifuged for citric acid and cell mass estimation. Citric acid was 
immediately analyzed. When citric acid production raised and then dropped to its lowest value a 
volume of hydrocarbon was added to the medium so that the initial substrate concentration was 
at its maximum.   

Resuslts and Discussion 

Screening of Y. lipolytica Strains for Citric Acid Production Grown in Hydrocarbon 
Mixture Studies on citric acid production by four strains mentioned using a mixture of 
hydrocarbons (kerosene) were performed using the growth and production medium of Rane and 
Sims report (1995). There was no growth in the medium, when the pH of the medium was 
around 7.8 due to the presence of CaCO3. Attempts to bring down the pH to lower value in the 
growth as well as in the production medium did not yield any result in the improvement on 
growth or on citric acid production of any of the four strains. In the later stage, the organism 
was grown in the growth medium containing glucose and the production medium was 
inoculated by the cells grown in the above mentioned medium. Y. lipolytica MTCC 35 produced 
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no citric acid and strains MTCC 2829, MTCC 2830 and NCIM 3472 produced 0.062 kg/m3, 
0.084 kg/m3 and 0.29 kg/m3 of citric acid respectively at 20 kg/m3 initial hydrocarbon 
concentration. The results of citric acid production by Y. lipolytica NCIM 3472, MTCC 2829 
and MTCC 2830 are shown in Figure 1. As the strain NCIM 3472 produced more citric acid 
further studies were carried out with this organism. The use of n-paraffins as a carbon source 
has simplified and optimized the operation of citric acid fermentation (Tabuchi et al., 1970).  

Figure 1 Citric acid production by Y. lipolytica strains grown on hydrocarbons. 

Citric acid production by Y. lipolytica NCIM 3472 using hydrocarbons In a separate study 
using mixture of hydrocarbons, initial hydrocarbon concentrations were varied between 5 kg/m3 
and 50 kg/m3. Maximum citric acid of 0.38 kg/m3 was obtained at 25 kg/m3 of initial 
hydrocarbon concentration (Figure 2). At initial hydrocarbon concentration (5 kg/m3) maximum 
cell concentration (1.4 kg/m3) was obtained (Figure 2). Cell mass production decreased as initial 
hydrocarbon concentration was increased. The reduction in citric acid production was probably 
because of the substrate inhibition at higher concentration of hydrocarbon. Citric acid 
productivity follows the same path as citric acid production and cell productivity follow the 
same path as cell mass production as shown in Figure 2 and 3 (not shown). The yield of citric 
acid production by Y. lipolytica was low at optimum initial hydrocarbon concentration. It was 
thought to examine batch-fed mode of fermentation for increased product of citric acid. 

Batch-Fed Mode of Citric Acid Production by Y. lipolytica NCIM 3472 Using 
Hydrocarbons Maximum citric acid obtained was 0.38 kg/m3 at 96 h of fermentation (Figure 
4). There was no citric acid production at 144 h, the substrate concentration brought to its initial 
concentration by adding a calculated amount of hydrocarbons. Addition of substrate did not 
increase citric acid production. Subsequent addition of substrate also did not increase citric acid 
production beyond 0.09 kg/m3. Therefore, it is concluded that the attempt in increasing citric 
acid by batch-fed mode of fermentation may not be applicable in the case of Y. lipolytica using 
hydrocarbons. 

Figure 2                                   Figure 4 

Citric acid production by Y. lipolytica using hydrocarbons was low (maximum citric acid 
produced was 0.38 kg/m3 at 25 kg/m3 hydrocarbons concentration (Figure 4). Attempts to 
increase citric acid production by batch-fed mode of fermentation did not improve the 
production (Figure 4).                                
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Figure 1 Citric acid production by Y. lipolytica strains grown on hydrocarbons. 
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Figure 2 Citric acid and cell production by Y. lipolytica NCIM 3472 using hydrocarbon 
medium with different initial hydrocarbon concentration 
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Figure 4     Citric acid and cell production by Y. lipolytica NCIM 3472 using hydrocarbon 
medium with 25 kg/m3 initial hydrocarbons concentration. 
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