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ABSTRACT 

 

Oil seed meals are mainly used for animal feedstock but there is a huge potential for using these meals as 

prebiotic food material. Three oil seed meals, namely ricebran, mustard and sesame have been identified as 

prebiotic food material in the present study. Three lactobacillus strains (Lactobacillus plantrum MTCC 2941, 

Lactobacillus rhamnosus MTCC 1408, Lactobacillus casei NCIM 2651) were identified to show significant growth 

on these oil seed meals in absence of any other usual carbon and nitrogen sources in the growth medium. 

Prebiotic activity score was calculated for each oil seed meal and compared with Inulin; the most marketed 

prebiotic material and the results obtained for the oil seed meals are very encouraging. Our study shows that oil 

seed meal has excellent potential as prebiotic food material as they support the growth of probiotic bacteria 

along with an antagonistic effecton the pathogenic bacteria likeEscherichia Coli. 
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1. INTRODUCTION 

 

Rapid population increase and expanding urbanization demands alternative non-conventional sources of food for all 

over the world. Edible oil seed meals or cakes obtained after oil extraction can play an important role in this aspect as 

the meals contain sufficient amount of proteins, dietary fibre, carbohydrates and minerals (1, 2). Till date these oilseed 

cakes are used mainly as animal feed, plant fertilizer and soil compost. In recent past a strong interest has been observed 

to utilize these oilseed cakes as food for humans. This is not only due to increasing global population and increase in 

food prices but also due to the attractive nutritional information recently available on these by-products (3-6).  

 

Sesame (Sesamum indicum) oil meal or oil cake, a protein rich by product along with dietary fibre and carbohydrate 

has been identified as a valuable source of protein for animals (7, 8) but are used mainly as a feedstock, especially for 

ruminants and poultry. high level of sulphur-containing amino-acids, methionine and cystine, lack of trypsin inhibiting 

factors and its pleasant flavour has enhanced its importance as an alternative sources of human food.  

 

Sesame meal is presently used in ready-to-use infant foods like cholam and samai porridge which has been developed 

by the ICMR. Fermented foods like vada and dosa, popular South Indian foods, have also been prepared by utilising 

sesame flour. The sesame-supplemented dosa is organoleptically acceptable food which contains higher levels of 

methionine than the plain dosa (9). Sesame flour is also used for the preparation of bread, cookies, high-protein 

beverages, high-protein biscuits etc. 

 

Rice bran meal or cake is a by-product generated from rice bran after the extraction of oil from rice bran (10). This cake 

has been considered as a waste product of rice milling and utilized as a low-cost animal food for poultry, cattle, fish, 

and also used as fuel for boilers, manufacturing sodium silicate, silica gel, insulation bricks etc.  

 

But due to presence of high amount of protein, dietary fibre and bioactive compounds, it can be converted to value-

added foods and their addition in different foods will increase the overall nutritional quality of the processed foods. 

Different types of snacks such as bread, cakes, noodles and pasta have been prepared by using rice bran cake without 

hampering the functional and textural properties of the product. 

 

Mustard cake is also produced during extraction of mustard oil. Mustard cake is widely used as a fertilizer for flowering 

and vegetable plants (11, 12). It is also used in the feeding of cattle and buffaloes. Apart from fertilizer and animal 

feedstock, mustard cake can be utilized as natural weedicide (13, 14). But mustard cakes are very rich in proteins, 

carbohydrates and dietary fibre for which it can be used as non-conventional human food.  It is also a good source of 

bioactive components including phenolics, glucosinolates and phytates (15, 16). Mustard meal has its application as a 

fermentation medium for preparation of enzyme, mushroom and lactic acid production (17-21). Several researchers (22-

24) isolated the protein concentrate from mustard cake and used it in different functional food ingredients. 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/methionine
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cystine


International Journal of Enhanced Research in Science, Technology & Engineering 

ISSN: 2319-7463, Vol. 10 Issue 10, October-2021, Impact Factor: 7.957 

Page | 34 

Apart from these seed meals have a huge potential as a prebiotic food source where prebiotic activity can be identified 

with the help of lactobacillus strains.The present study deals to investigate the potential of the three seed meals 

(mustard, rice ban and sesame) as prebiotic food source using different lactobacillus strains followed by product 

development from best seed meal based on the experimental results. Sensory and physiochemical characteristic study of 

the product were also conducted.  

 

2. EXPERIMENTAL 

A. Materials 

Three oil seed meals namely ricebran, mustard and sesame were collected from G.M. Oil Mills, Mallarhat &Vinayak 

Oil Mills, Howrah for prebiotic screening. For preparation of mustard meal flour, mustard seed (white variety) 

purchased from local market, deoiled using food grade hexane and powdered in a kitchen mixer grinder.  

 

Lactobacillus strains like Lactobacillus casei(NCIM 2651) was purchased from NCL, Pune whereas Lactobacillus 

rhamnosus (MTCC 1408) and Lactobacillus plantrum (MTCC 2941) were purchased from IMTECH, Chandigarh. The 

cultures were activated and maintained in MRS agar medium. The enteric pathogen Escherichia coli (NCIM 2067) 

purchased from NCL, Pune. The pathogen was cultured in TSB (Trypticase soya broth).Sodium carbonate, HCl, H2SO4 

and methanol of AR grade were used. Commercial wheat flour, mustard seeds purchased from local market. Food grade 

quality Hexane and sodium chloride were used in flour and dough preparation. 

  

B. Methods 

Proximate analysis for measuring moisture, ash, crude fibre, protein and fat content were done following the methods as 

described in AOAC,1995 (25).  

 

Estimation of total carbohydrate: Total carbohydrate was measured by hydrolyzing the polysaccharides into simple 

sugars with acid hydrolysis and estimating the resultant monosaccharide (26). 100 mg sample was taken in a boiling tube 

and hydrolyzed by keeping it in boiling   water   bath for   3 h with 5 mL of 2.5 N HCl. The sample was cooled to room 

temperature and neutralized with solid Na2CO3 until effervescence stops. The volume of the mixture was adjusted to 100 

mL and centrifuged. About 0.1 and 0.2 mL of the supernatant solution was taken in two separate test tubes and the 

volume was adjusted to 1 mL with distilled water. 1 mL of 5% phenol solution and 5 mL of 96% H2SO4was added to 

each test tube.  The solution was stand for 10 min, shaken well and placed in water bath at 25˚C for 20 min.  The colour 

of the solution was measured at 490 nm with the aid of UV-VIS-Spectrophotometer (Jasco, Japan, V630). Standard curve 

was prepared using standard glucose solution. 

 

Protein Estimation: 2 gm of the sample is taken in a 500 ml Kjeldahl flask to which 0.7 gm of Mercuric oxide, 15 gm of 

potassium sulphate and 40 mL of concentrated sulphuric acid were added. The flask was placed in an inclined position in 

the digestion chamber. The flask is gently heated in a low flame until the initial frothing ceases and the mixture boils 

steadily at a moderate rate. During heating rotate the flask several times. Heating was continued for approximately one 

hour until the colour of the digest is pale blue. After that, 200mlof water was slowly added to the cooled mixture. 

Sufficient NaOH solution (450gm/L) was carefully pour down the side of the flask to make the contents strongly alkaline 

(about110mL) before mixing the acid and alkaline layer. 

 

Then the flask was connected to a distillation apparatus. A delivery tube is connected to the condenser, which dips just 

below the surface standard acid contained taken in a conical flask receiver. The contents of the digestion flask were 

boiled until 150mL have distilled into the receiver. The solution was titrated with 0.1N NaOH solution using methyl red 

indicator. A blank titration was carried out simultaneously. 

 

1ml of 0.1(NH)4SO4 = 0.0014gm Nitrogen 

Protein = Nitrogen x 6.25 

 

Culture Media: The ability of the lactobacillus strains to utilize the substrates under study (sesame, mustard and 

ricebran oil seed meal) were examined in modified MRS medium without Dextrose but supplemented with 2% of the 

oil seed meals. 0.05% of L-cysteine was also added to maintain anaerobic condition. 

 

Preparation of MRS Broth & MRS agar (Control): 10 g peptone, 10 g meat extract, 5 g yeast extract, 20 g D-

glucose, 1 g tween 80, 2 g K2HPO4, 5 g sodium acetate, 2 g tri-ammonium citrate, 0.2 g MgSO4. 7H2O and 0.05 g 

MnSO4.4H2O were dissolved in 1000ml distilled water and the pH was adjusted at 6.2-6.6 and sterilized. MRS agar was 

prepared by adding 1.5% agar agar in the culture media and sterilized. 

 

Preparation of MRS Broth without glucose supplemented with only oil seed meals: 20g of oil seed meals,10 g 

peptone, 10 g meat extract, 5 g yeast extract, Tween 80: 01.0g K2HPO4: 02.0g, Sodium acetate: 05.0g, Tri-ammonium 

citrate 02.0g, MgSO4. 7H2O: 0.2g, MnSO4.4H2O: 0.05g were dissolved in 1000ml distilled water pH was adjusted at 

6.2-6.6 and sterilized. 
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MRS broth without glucose supplemented with deoiled oil seed meals: 20g of deoiled oil seed meals, 10 g peptone, 

10 g meat extract, 5 g yeast extract, Tween 80: 01.0g, K2HPO4: 02.0g, Sodium acetate: 05.0g, Tri-ammonium citrate 

02.0g, MgSO4. 7H2O: 0.2g, MnSO4.4H2O: 0.05g were dissolved in 1000ml distilled water pH was adjusted at 6.2-6.6 

and sterilized. 

 

MRS broth without glucose and nitrogen source supplemented with  oil seed meals: 30g of oil seed meals mixed in 

a solution containing in 1000ml distilled water K2HPO4: 02.0g, Sodium acetate: 05.0g, Tri-ammonium citrate 02.0g, 

MgSO4. 7H2O: 0.2g, MnSO4.4H2O: 0.05g and Tween 80: 01.0g. pH was adjusted at 6.2-6.6 and sterilized. 

 

Prebiotic Screening: 1ml fresh culture of each lactobacillus strain grown on MRS broth for 24 hours was added to 50 

ml of the above mentioned culture medium in conical flasks. Anaerobic environment was maintained within the flask 

by purging CO2 gas into the flask. After 24 hours of growth 1ml culture from each flask was diluted and spread onto the 

MRS agar plates to give approximately 30-300 colonies. The plates were incubated anaerobically for 24 hours at 37˚C-

40˚C. Colonies were counted using a digital colony counter after 24 hours of growth in the agar plate.  

 

Fresh culture of enteric pathogen E. Coli(NCIM 2067) grown under similar condition and compared with lactobacillus 

strains. 

 

CFU/mL = Number of colonies counted / (dilution factor x volume of sample plated for analysis) 

 

Determination of prebiotic activity score 

By definition, higher prebiotic score denotes that the prebiotic molecules support the growth of probiotic bacteria and 

does not support the growth of pathogenic bacteria in the presence of prebiotic molecules. Lower prebiotic score 

denotes that the prebiotic molecules support the growth of pathogenic bacteria and does not support the growth of 

probiotic bacteria in the presence of prebiotic molecules. 

 

Calculation of Prebiotic activity score (27) = 

 

[probiotic  log
cfu

ml
on  the  prebiotic  at  24 hr− probiotic  log

cfu

ml
on  the  prebiotic  at  0 hr ]

[probiotic  log
cfu

ml
on  glucose  at  24 hr− probiotic  log

cfu

ml
on  glucose  at  0 hr ]

-

[enteric  log
cfu

ml
on  the  prebiotic  at  24 hr− enteric  log

cfu

ml
on  the  prebiotic  at  0 hr ]

[ent eric  log
cfu

ml
on  glucose  at  24 hr− enteric  log

cfu

ml
on  glucose  at  0 hr ]

 

 

Preparation of mustard meal flour: Deoiled mustard seed meals were washed with water to remove any foreign 

particles. The meal were spread thin in trays and dried at 55˚C using a cross flow drier for 12 h to a moisture content 

around 10%. The dried meal was powdered and passed through 80-mesh sieve.  

 

Making of chapattis/roti: 100 gm mixture of refined flour and deoiled mustard meal flour were taken in different 

proportions and mixed with 0.05 gm salt & 50 ml of water. A homogeneous mass was prepared and kneaded with hand 

to get a soft and pliable consistency. The mass is allowed to rest to 20 minutes. After that few balls were prepared from 

the dough. Each ball was placed on a flat surface and rolled out to a thickness of 0.5 cm with the help of a rolling pin. 

The chapattis were place a pan on medium flame. A pair of tongs was used to flip over to the other side. The chapattis 

were cooked from both sides on medium flame till little brown spots appear. Once done, they were wrapped in 

Aluminium foil and kept for sensory evaluation. 

    

Values are reported as mean ± s.d., where n=3 (n=no of observation). 

 

3. RESULTS AND DISCUSSIONS 

 

C. Analysis of seed meals 

Table 1 shows the characteristics of rice bran, mustard and sesame seed meal (100 g each) after extraction of oil. It has 

been observed from Table 1 that protein content is higher in mustard and sesame seed meal than rice bran meal. Mustard 

seed meal is also rich in dietary fiber of around 26.78% whereas rice bran and sesame seed meal contained 21.76% and 

23.11% respectively. Rice bran meal contained maximum amount of carbohydrate (32.87%) whereas mustard and 

sesame contained nearly half amounts of carbohydrate e.g. 17.57% and 16.37% respectively. 

 

Table 1: Characteristics of seed meals 

 

Component Rice bran (100 g) Mustard (100 g) Sesame (100 g) 

Moisture 3.67±0.11 2.19±0.09 6.54±0.12 
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Protein 13.78±0.73 21.62±0.17 26.6±0.31 

Fat 12.21±0.59 10.23±0.16 7.5±0.13 

Crude fiber 7.25±0.22 12±0.43 12±0.27 

Dietary fiber 21.76±0.39 26.78±0.53 23.11±0.14 

Carbohydrate 32.87±0.31 17.57±0.19 16.37±0.24 

Ash 5.07±0.09 6.9±0.11 5.07±0.07 

Iron 27.12 mg 11.56 mg 16.56 mg 

Calcium 49.67 mg 37.87 mg 36.98 mg 

 

D. Analysis of growth of prebiotic bacteria  

Growth of prebiotic bacteria on different seed meal was examined on rice bran, mustard and sesame seed meal for 24 

hrs and comparative study of their growth is shown in Table 2. It has been observed from Table 2 that Lactobacillus 

plantrum and Lactobacillus casei showed highest growth (cfu/ml) in mustard seed meal but for Lactobacillus 

rhamnosus the growth is lowest in mustard seed meal compared to other seed meals. Lactobacillus rhamnosus showed 

highest growth in sesame seed meal.  

 

Table 2: Comparative analysis of growth of prebiotic bacteria on seed meals after 24 hours of growth 

 

Probiotic bacteria Glucose 

(cfu/ml) 

Mustard 

(cfu/ml) 

Sesame 

(cfu/ml) 

Rice bran 

(cfu/ml) 

Lactobacillus plantrum 

 

192× 10
5
 222× 10

5
 214× 10

5
 203 × 10

5
 

Lactobacillus rhamnosus 

 

198× 10
5
 184× 10

5
 224× 10

5
 191× 10

5
 

Lactobacillus casei 

 

206× 10
5
 238× 10

5
 226× 10

5
 210× 10

5
 

           cfu/ml: Colony forming units/ml of growth medium 

 

Prebiotic activity scores were calculated analyzed with respect to the results of growth of prebiotic bacteria on seed 

meals in comparison to the growth of enteric pathogen as shown in Figure 1. It has been observed that prebiotic activity 

score for mustard seed meal is highest among all other seed meals under study.   

 

 
 

Figure 1. Prebiotic activity score for seed meals 

 

E. Product development 

As mustard seed meal have shown the highest prebiotic activity, three flour blends were prepared by mixing normal 

wheat flour and mustard meal flour in three different ratios as shown in Table 3. Normal wheat flour (A) is taken as 

control, other three product mixtures B, C and D were prepared on mixing normal wheat flour and mustard meal flour in 

a ratio of 70:30, 50:50 and 30:70 respectively. Sensory evaluation of the blends was carried out on the basis of 

appearance, colour, flavor, taste and after taste after preparation of ratios from the blends as shown in Table 4.  
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It has been found that overall acceptability of product C (50:50) is almost at par with the normal wheat flour A and B. 

Figure 2 shows the powdered mustard meal flour. A chapatti was prepared from blend C as shown in Figure 3. 

 

Table 3: Flour blends prepared by mixing with wheat flour and mustard meal flour 

 

Flour blends Wheat flour Mustard meal flour 

A 100 0 

B 70 30 

C 50 50 

D 30 70 

 

Table 4: Mean scores of Sensory Characteristics of products 

 

Blends Appearance Colour Flavor Taste Aftertaste Overall 

acceptability 

A 8.8±0.52 9.1±0.33 8.4±0.39 8.4±0.21 8.7±0.41 8.7±0.36 

B 8.3±0.43 8.3±0.42 8.4±0.32 8.4±0.34 8.4±0.43 8.4±0.21 

C 8.1±0.31 7.9±0.51 8.3±0.44 8.3±0.11 8.3±0.35 8.2±0.28 

D 6.1±0.41 5.1±0.48 6.4±0.50 6.1±0.28 6.0±0.31 6.1.0±0.18 

 

 

 
 

Figure 2. Powdered mustard meal Flour 

 

 
 

Figure 3. Chapatti from 50:50 wheat flour and mustard meal flour 

 

CONCLUSION 

 

Mustard seed meal has been identified as the cheap source for chapatti preparation after blending with wheat flour. 

Among the three seed meals e.g. rice bran, sesame and mustard studied in the present research investigation, mustard 
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seed meal shows best prebiotic activity score based on results of growth of prebiotic bacteria. Initially, Lactobacillus 

strains like Lactobacillus casei(NCIM 2651), Lactobacillus rhamnosus(MTCC 1408) and Lactobacillus 

plantrum(MTCC 2941) were utilized for growth of prebiotic bacteria and mustard seed meal showed highest activity 

for Lactobacillus casei and Lactobacillus plantrum. So a good and cheap source has been identified in the present study 

for the preparation of food material after blending with wheat flour. High quality strains may be developed by the future 

researchers for the betterment of results obtained.  
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