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1. INTRODUCTION 

Lactic acid has been utilized in fermentation and preservation of human foodstuffs since ancient times. 

In 1839, Fremy, produced lactic acid by fermentation of carbohydrates such as sucrose, lactose, 

mannitol, starch and dextrin. In 1881, the first commercial production of lactic acid was undertaken in 

the United States using microorganisms (Vijayakumar et al., 2008). 

Lactic acid has been widely used in food, cosmetic, pharmaceutical and chemical industries. Since it is 

classified as GRAS (Generally Recognized As Safe) and permitted to be used as a food additive by the 

US FDA (Food and Drug Administration) (Datta et al., 1995), it is exploited in every segment of the 

food industry. While bacterial fermentation accounts for almost 90% of the total production of lactic 

acid, the rest is produced by the chemical process of hydrolyzing lactonitrile (Bulut et al., 2004). 

Numerous species of bacteria and a few fungi are capable of producing lactic acid by fermenting sugars. 

A group of bacteria named Lactic Acid Bacteria (LAB), among the lactic acid producing organisms, 

are commonly utilized for the production of lactic acid. Among the fungi, Rhizopus species is reported 

to produce lactic acid by utilizing a variety of substrates. 

Agricultural residues are the most suitable substrates for microbial cultivation because they are a rich 

source of carbon, nitrogen and minerals and also cost less (Chagas et al., 2007). Screening for cheaper, 

potential agricultural raw materials is an important prerequisite before starting the fermentation process. 

Novel low-cost media are needed in order to improve the economics of lactic acid production by bacteria 

(Nancib et al., 2001). Cashew (Anacardium occidentale Linn.) an important cash crop, is grown in India 

in an area of 8, 20,000 ha (Nagaraja et al., 2003). Cashew, a native of South America, belongs to the 

Anacardiaceae family and is considered as a ‘gold mine’ of the wasteland as it requires low inputs for 

production (Attri, 2009). India is the second largest producer of cashew nut in the world after China 

(Costa et al., 2009). 

The juice of the cashew apple, a pseudo-fruit, is rich in reducing sugars (fructose, glucose) into vitamins, 

minerals and some amino acids (Campos et al., 2002; Oliveira et al., 2002; Sivagurunathan et al., 

2010).Cashew apple juice contains 219 mg of vitamin C per portion of 100 ml, which is 5 times that of 

an orange and 12 times that of a pineapple. This juice also contains more magnesium (260 mg) than 

oranges, bananas or pineapples. Its potassium content (565 mg), is twice that of an orange, 4 times that 

of a mango and 5 times that of a pineapple (USDA, 2002). Many studies reported the functional 
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properties of cashew apple juice such as anti-carcinogenic (Kubo et al., 1993), antibacterial activity 

against gastritis causing bacteria called Helicobacter pylori (Kubo et al., 1999; Carvalho et al., 2007), 

and also its anti-oxidant properties (Kubo et al., 2006). 

The ultimate aim of cultivating cashew trees is for the purpose of producing cashew nuts. The nut 

represents 10% of the total fruit weight (Rabelo et al., 2009). The use of cashew apple as a source of 

high value-added sugars may represent an economic alternative (Azevedo and Rodrigues, 2000). After 

removing the cashew nut, the cashew apples are thrown away (or) dumped, where they undergo natural 

decomposition in the soil itself. While there are various reports which sought about the production of 

different products by utilizing cashew apple juice as a substrate, only a few reports are available that 

discuss its ability to produce lactic acid. With the above discussed issues related to the wastage of 

cashew apples and the wide application of lactic acid, the present study aims to dwell on the utilization 

of cashew apples as substrate, for the production of lactic acid. Optimization studies were also carried 

out to improve the yield of lactic acid production. 

2. MATERIALS AND METHODS 

2.1 Collection of Sample (Cashew Apple) 

The two varieties of cashew apples, such as red (CA-R) and yellow (CA-Y), were sourced from 

Katchiperumal village, Ariyalur (Dist) and brought to the laboratory in clean polythene bags. 

2.2 Preparation of Cashew Apple Juice (CAJ) 

The cashew apples were washed with distilled water and the surface was sterilized in 70% (w/v) ethanol 

for about five seconds followed by another wash with sterile water. They were then crushed by a sterile 

mortar and pestle under aseptic conditions and the filtered juice was used for further analysis. The fresh 

juice was further clarified by adding gelatin to remove tannins. The juice was later centrifuged at 15,000 

rpm for 15 minutes and supernatant was collected and stored in the refrigerator. 

2.3 Isolation and Identification of Lactic Acid Bacteria 

The LAB isolates were obtained from different sources like idly batter, milk products and fruit wastes 

(cashew apples) by serial dilution technique on MRS media. All lactic acid bacterial isolates were 

identified upto the species level by comparing their morphological, physiological and biochemical 

characteristics using Bergey’s manual of determinative bacteriology. 

2.4 Fermentation Studies 

A loopful of culture from MRS broth was inoculated into 100 ml of diluted cashew apple juice with 

added basal nutrients. The aim of inoculating the LAB isolates to cashew apple juice is to minimize the 

lag phase of the isolates in the fermentation media. The inoculated media were incubated at 38°C for 

about 24 to 48 hours and used as inocula for subsequent studies. 

The fermentation media were designed according to the method described by Honoroto et al. (2007). 

LAB normally requires vitamins and minerals for their better growth which are already found in the 

juice of the cashew apple therefore addition of the same is not required. The pH of the media was 

adjusted to 6.5 with H3PO4, and the fermentation media was autoclaved at 121°C for 15 minutes. About 

10% inoculum was added to the fermentation media and the fermentation was carried out for about 

2448 hours. Then the cells were removed by centrifugation at 15000 rpm for 10 minutes. The lactic acid 

concentration in the supernatant was estimated by the titrimetric method using phenolphthalein as the 

indicator solution. 

2.5 Impact of Various Parameters on Lactic Acid Production 

To analyze the impact of various physical and chemical parameters on lactic acid production, cashew 

apple juice from yellow variety (CAJ-Y), and the best four LAB isolates were used in the study. Effect 

of nitrogen sources, pH, temperature and incubation time were carried out as per the method described 

in the previous sections.   

3. STATISTICAL ANALYSIS 

All the tests were carried out in triplicates. The experimental data were processed statistically by 

applying the SPSS software, version 12.0. The critical difference was worked out at 5% probability 

level for significant results (P = 0.05). 
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4. RESULTS AND DISCUSSION 

In our present study, cashew apple juice was utilized for the production of lactic acid using 

Lactobacillus isolates. They were then identified by morphological, physiological and biochemical 

characteristics. Among the isolates, 40% were Lactobacillus casei, 20% Lactobacillus delbrueckii, 20% 

Streptococcus lactis and 20% Leuconostoc mesenteroides. According to Karini et al. (2012), the most 

dominant species in dairy products was Lactobacillus casei. In the present study Lactobacillus casei 

was the predominant isolate. 

Mallesha et al. (2010) isolated LAB from milk, curd, idly batter and pickles using pour plate technique 

on MRS media. They identified 16 isolates from 44 positive colonies by studying morphological, 

cultural, physiological and biochemical characteristics of the isolates.  Hawaz (2014) isolated 9 

Lactobacillus strains from curd and identified upto species level based on their physiological and 

biochemical characteristics. 

The fermentation media was formulated by adding yeast extract and K2H PO4 to the cashew apple juice. 

The juice is naturally rich in minerals and hence did not require any further addition of minerals 

(Veragera et al., 2010). The protein content of cashew apple juice is low (Honorato et al., 2007) but 

they are rich in reducing sugars, minerals and vitamins. In our present investigation, all the isolates 

produced lactic acid by utilizing cashew apple juice as substrate; among them 5 isolates LAB-I, II, III, 

IV and X produced better results. The maximum production of 24.4 ± 0.52 g/L was obtained from the 

fermentation by employing LAB-I (Lactobacillus casei) strain. Guilherme et al. (2012) reported that 

about 59.3 g/L of lactic acid was produced by utilizing cashew apple juice as substrate. Silveira et al. 

(2010) recorded 2.36 g/L. h, of lactic acid from cashew apple juice using L. casei B- 442 strain. 

Parameter optima are important in any type of fermentation. In the present study, various parameters 

like nitrogen sources, pH, temperature, and incubation time were analyzed to find optimum conditions 

to increase the yield of lactic acid. 

Since the nitrogen content is low in the cashew apple juice, addition of nitrogen supplements could 

improve the yield of lactic acid. In our present investigation, the fermentation medium was provided 

with different nitrogen sources. Amongst these ammonium sulfate significantly improved the yield of 

lactic acid (Figure 1). Aeschlimann and Stock car (1990) stated that yeast extract is considered as an 

essential nutrient to Lactobacilli for better production of lactic acid. Nancib et al. (2001) studied the 

effect of different nitrogen sources such as yeast extract, ammonium sulfate, tryptic soy, urea, peptone 

and casein hydrolysate on the lactic acid production in date juice containing medium using 

Lactobacillus casei sub sp. rhamnosus. According to them, ammonium sulfate could be a better 

alternative to yeast extract. Our results are in consonances with the previous, since higher production 

observed with ammonium sulfate incorporated medium, the lower production associated with urea 

incorporated medium. 

 
Figure1. Effect of nitrogen sources on lactic acid production 

It is a well-known fact that the hydrogen ion concentration of a media will have a vital role in supporting 

microbial growth as well as product formation. All microorganism have their own pH limits, beyond 

which they could face stress (or) their enzymes could get affected. Such a condition ultimately results 

in both reduced growth and low productivity. Chooklin et al. (2011) analyzed the effect of pH control 
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on lactic acid production using palmyra sap and oil palm sap supplemented with MRS media. They 

observed an increase in lactic acid concentration of 13%, 15% and 16% respectively, when the pH of 

the MRS supplemented palmyra sap and oil palm sap was controlled. The optimal pH for lactic acid 

production varies between 5.0 and 7.0. The optimal pH range between 5 and 6 recorded high values for 

both biomass and lactic acid. There have been many reports which state that a pH of 6.5 was optimum 

for lactic acid production using different lactic acid bacteria (John et al., 2006; Idris and Suzana, 2006). 

In the present study, the maximum production of lactic acid was observed at pH 6.5. Above pH 7.5, the 

production rate begins to decline (Figure 2). 

 
Figure2. Effect of pH on lactic acid production 

Optimization of temperature is very important in any type of fermentation. Temperatures below (or) 

above the optimum will have a profound influence on both microbial growth and productivity. Narita 

et al. (2004) reported that highest yield and lactic acid mass concentration was obtained at 37⁰C 

employing Streptococcus bovis 148. In our findings, the isolates LAB-I, II, III and X showed highest 

lactic acid production at 38⁰C. But in contrary, the isolate LAB-IV showed a better yield at 34⁰C (Figure 

3). 

 
Figure3. Effect of temperature on lactic acid production in yellow cashew apple juice (CAJ-Y) supplemented 

media 

The effect of incubation time on lactic acid production was studied. The titrable acidity was estimated 

for every 24 hours to find out the number of days required for maximum production of lactic acid. In 

all the studies, LAB-I (Lactobacillus casei) obtained from fruit wastes performed better than other LAB 

isolates in CAJ-Y supplemented media.Silveira et al. (2010) investigated the use of cashew apple juice 

as a low cost substrate for Lactobacillus casei B-442 – cultivation and production. They also analyzed 

the effect of reducing sugar concentration of cashew apple juice, ammonium sulfate concentration, pH 

and temperature or biomass formation, lactic acid production and productivity. The process yield was 

95% when fermentation was carried out at 37⁰C with pH controlled at 6.5 using NaOH. Guilherme et 

al. (2012) studied and modeled lactic acid by employing Lactobacillus casei B-442. The optimization 

of the process using the model was carried out and the optimum operating condition aiming for highest 

productivity, lowest production cost and highest gross profit are presented. They also reported that the 

highest production of lactic acid (59.3 g/L) was obtained from cashew apple juice. 
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Figure4.  Effect of incubation time on lactic acid production in cashew apple juice supplemented media 

5. CONCLUSION 

Extensive research is being conducted to screen low cost substrates to produce various products through 

fermentation. Utilization of agriculture residues as substrates might not only cut down fermentation 

costs but also minimize environmental pollution. Large amount of cashew apples are dumped in the 

land after removing the cashew nuts. Though cashew apples can be consumed as juice, ice cream and 

food stuffs, many studies have proved that cashew apple juice could be an ideal medium for the growth 

of microorganisms. Such an attribute can be used efficiently for producing industrially valuable 

products through fermentation. The result of the study implies that cashew apple juice can be effectively 

utilized as a substrate for lactic acid production. The study also paves the way for cashew apple waste 

disposal problems and also producing the most valuable organic acid using an economically feasible 

method. 
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