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ABSTRACT

The purpose of this study was to investigate the effect of roasting on prebiotic potential of Soyabean (Glycine max). Administration of prebiotic confers
health benefits by modulating immune system. Soyabean pomace left after extraction of protein and lipid is good source of oligosaccharides and non-
starch polysaccharides, which have ability to reach the colon, where it could get fermented and produce health beneficial products such as short chain
fatty acids. The purpose of roasting was to minimize the antinutrient factors from raw soyabean. Soyabean was roasted and its ability to support the
growth of Lactobacillus acidophilus was checked in reconstituted agar containing raw and roasted Soyabean as a sole carbon source. After incubation
samples were tested for optical density, pH, % titratable acidity and antimicrobial effect against pathogen. Difference in raw and roasted soyabean was
checked by subjecting the samples to SEM and X-ray diffraction. Increased optical density, lowering of pH and increase in titratable acidity in presence
of roasted soyabean, confirmed the ability of roasted Soyabean to support the growth of L. acidophilus.
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INTRODUCTION

Gut is complex community where large variety of
microorganisms harbors'. Microorganisms in the gut play an
important role in maintaining wellbeing of human. Healthy
microbial flora prevents proliferation of pathogens and boost
immune system. Difference in microbial composition of healthy
person and diseased person was reported’. Intestinal bowl
diseased (IBD) person has decreased count of healthy gut flora
when compared to healthy one. Restoration of gut flora with
administration of prebiotic could enhance the therapeutic effects
of drugs used to treat IBD. Prebiotic are indigestible substances
which are having ability to reach the colon. Fermentation of
indigestible substances in colon by resident bacteria produces
short chain fatty acids (SCFAs)’. SCFAs mainly acetate,
proprionate and butyrate. Butyrate produced by bacteria have
positive effect on colonocytes and maintains proliferation of
colonocytes*. Acid production resulted into lowering of pH.
Acidic environment prevent proliferation of pathogenic
microorganism. This would definitely help to treat intestinal
diseases like IBD. Prophylactic role of prebiotic in prevention of
IBD reported by researchers. Prevention of colitis by combination
of fructooligosaccharide and inulin in HLA-B27 transgenic mice
was reported by Hoentjen F> Increased beneficial microbial count
and increased concentration of butyrate showed attenuating effect
on macroscopic and histological inflammation in HLA-B27
transgenic rats. Thus previous research described the attenuation
of IBD by administration of prebiotic®’

Soymilk and tofu prepared from Soyabean (Glycine max) highly
consumed by people of Southeast Asia. Soymilk considered as
one of nutritious health drink used widely as dairy milk
alternative for those who shows lactose intolerant. Soya tofu, a

protein rich paneer prepared form Soyabean. After extraction of
essentials remaining pomace is used as in animal and poultry
industry. Soyabean is rich source of protein, lipids, minerals and
vitamin B. Soyabean also contains isoflavones, saponins,
phytates, protease inhibitors, phenolic acids, lecithin, dietary
fiber, phytosterols, and omega-3-fatty acids®. In vitro
fermentability of Soyabean okara was already reported’. But
protease inhibitors, lectins (hemagglutinins), and allergens
(glycinin and B-conglycinin) are antinutritional factors present in
raw soyabean, which needs to be eliminated. All these
antinutritional factors are unstable to heat. Along with heat
unstable antinutritional factors, some nutritional heat stable
oligosaccharides, non starch polysaccharides, and phytates are
also present in Soyabean which can confer health promoting
effects. Thus from the literature it was found that roasting of raw
Soybean could enhance the nutritional property of Soyabean.
Although various studies have established the positive health
benefits of prebiotics and Soyabean, it would be useful to
understand the action of roasting on dietary fibre of Soyabean that
contribute as significant sources of fiber and protein in a normal
balanced diet. Thus the aim of present investigation was to
evaluate the effect of roasting on prebiotic potential of Soyabean.

MATERIALS AND METHODS

Soyabean (Glycine max) was purchased from local market and
authenticated by Agharkar Research Institute, Pune, India.
Lactobacillus  acidophilus (NCIM-5426) purchased from
National Collection of Industrial Microorganisms, Pune. deMan
Rogosa Sharpe agar, Nutrient agar and MacConkey agar other
ingredients used to prepare media was purchased from Himedia,
Mumbeai, India. Other chemicals used of analytical grade.
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Physicochemical investigation
Crude fibre

The sample was treated successively with boiling solutions of
sulphuric acid and potassium hydroxide of specified
concentrations. The residue was separated by filteration (w2),
washed, dried, weighed and kept to form ash within a range of
475 or 500 °C. The loss of weight resulting from ash corresponds
to the crude fibre present in the sample (w3).'°

Percent crude fibre = [(W2-W1)-(W3-W1)/ Fresh weight of the
sample] * 100

Sample was roasted in hot air oven at 121°C for 30 min. Sample
was subjected to Scanning electron microscopy (SEM) and X-ray
diffraction (XRD) to evaluate the effect of roasting.

Scanning Electron Microscopy (SEM)
The scanning electron microscopy (SEM) was performed with a
scanning electron microscope (XL-30-ESEM, FEI, Holland),

using a voltage of 15 kV. Samples were fixed with double-sided
tape onto aluminium cylinders and coated with a layer of gold.

Scanning Electron Microscopy

Figure 1: SEM of raw Soyabean

X-ray Diffraction

X-ray Diffraction patterns were obtained with an X-ray
diffractometer Brucker D8 Advanced equipped with a copper
anode X-ray tube. The diffractometer was operated at 80 mA and
Sk, and the spectra were scanned over a diffraction angle (20)
range of 10-80° at 6°/min.

Inoculum preparation and cultivation conditions

Reconstituted MRS broth was prepared by using Tryptone, meat
extract, yeast extract, potassium phosphate, tween80, ammonium
citrate, sodium acetate, magnesium sulphate, manganese
sulphate!! and finally soyabean was added at final concentration
of (1-3%). The reconstituted MRS broths were sterilized at 121°C
for 15min. The overnight (18h) culture was added to the media
and incubated under microaerophillic condition for 48h. Samples
were withdrawn after specific time interval. Removed samples
were subjected to measure optical density at 600nm, pH, %
titratable acidity, dry mass and antimicrobial activity against S.
aureus and E.coli.

RESULT AND DISCUSSION
Physicochemical investigation of soyabean

Crude fibre of Soyabean was found to be 17.17%

Figure 2: SEM of roasted Soyabean

Figure 1 and 2 shows SEM of raw and roasted Soyabean which determined shape and surface morphology of raw and roasted Soyabean.
In raw soyabean the rounded outer surface are not swollen, after roasting these become slightly swollen as heat changes the structure.

X-ray Diffraction
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Figure 3: X- ray differactograms of raw soyabean

Figure 4: X- ray differactograms of roasted soyabean

Figure 3 and 4 shows the X-ray diffraction patterns of raw and roasted soyabean. X- ray diffraction was based on constructive
interference of monochromatic X- rays and a crystalline sample. The difference in raw and roasted soyabean indicates the drastic
change in distribution of the crystalline phases when the soyabean was exposed to thermal treatment.
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Figure S: Effect of roasting of soyabean on growth of L. acidophilus
in reconstituted MRS Broth

Effect of Soyabean (Glycine max) on growth of L. acidophilus

Optical density (OD) measurement of bacterial cultures is a
common technique use in microbiology. Researchers have
primarily relied on spectrophotometers to make these
measurements, however the measurement is actually based on the
amount of light scattered by the culture rather than the amount of
light absorbed. The increase in the cell size and cell mass during
the development of an organism is termed as growth. Bacteria is
unicellular (single cell) organism. When the bacteria reach a
certain size, it divide by binary fission, in which the one cell
divides into two, two into four and continue the process in a
geometric fashion. The bacterium is then known to be in an
actively growing phase. The dynamics of the bacterial growth was
studied by plotting the cell growth (OD at 600nm) versus the
incubation time.!?

The increase in the cell mass of the organism was measured by
using the spectrophotometer. The spectrophotometer measures
the turbidity or optical density which was the measure of the
amount of light absorbed by a bacterial suspension. The degree of
turbidity in the broth culture was directly related to the number of
microorganism present, either viable or dead cells, and was a
convenient and rapid method of measuring cell growth rate of an
organism''?
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Figure 6: Changes in pH by L. acidophilus in presence of raw and
roasted Soyabean

The optical densities of raw and roasted Soyabean containing L.
acidophilus are represented in Figure 5. The optical densities of
the L. acidophilus containing roasted Soyabean to be slightly
higher than optical densities of raw Soyabean and control.

Changes in pH of the media by Lactobacillus acidophilus

Figure 6 indicates that reduction in pH of reconstituted broth
containing Soyabean was distinct compared to control (without
prebiotic). The reduction in pH was from 6-6.5 (t=0) to 4 - 3.5
after 48 h of incubation. Lactobacilli belong to the lactic acid
bacteria that produce lactic acid and derive energy from the
fermentation process. pH of the medium is very important for
optimum growth of the microorganism. The lowest pH value that
an organism can tolerate is called the minimum growth pH and
the highest pH is the maximum growth pH. Figure 6 indicates that
reduction in pH of reconstituted broth containing Soyabean was
distinct compared to control (without prebiotic). End product of
fermentation process is short chain fatty acids (SCFAs)'3. The
production of lactic acid and the resulting low pH is important for
preventing non indigenous organisms in the intestine.

The change in pH of the L. acidophilus containing raw and
roasted Soyabean is represented in figure 6. The changes of pH
of'the L. acidophilus containing roasted soyabean to be lower than
the raw Soyabean and the control.

Effect of prebiotic raw soyabean on Lactic acid production (% titratable acidity) by Lactobacillus acidophilus and without

prebiotic (Control)

Table 1: Effect of raw soyabean on lactic acid production (% titratable acidity) by L. acidophilus

Time (h) Control (without 1%w/v Raw Soyabean 2% w/v Raw Soyabean 3%w/v Raw

prebiotic) Soyabean
0 0.02+0.05 0.10+0.06 0.05+0.05 0.05+0.5
2 0.05+0.05 0.12+0.03 0.15+0.03 0.1540.03
4 0.13+0.03 0.15+0.03 0.24+0.02 0.2+0.02
6 0.24+0.02 0.21+0.01 0.28+0.01 0.26+0.01
8 0.22+0.01 0.28+0.01 0.33+0.03 0.2940.02
24 0.29+0.03 0.40+0.06 0.44+0.01 0.4240.01
26 0.30+0.01 0.56+0.02 0.48+0.01 0.524+0.07
28 0.34+0.01 0.62+0.05 0.53+0.07 0.62+0.04
30 0.38+0.06 0.74+0.04 0.67+0.06 0.7240.02
48 0.43+0.02 0.90+0.02 0.94+0.06 1.0540.02

*All values are expressed as Mean + SD, n=2
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Table 2: Effect of roasted Soyabean on Lactic acid production (% titratable acidity) by L. acidophilus and without prebiotic

Time (h) Control (without 1%w/v Roasted 2% w/v Roasted 3% w/v Roasted

prebiotic) Soyabean Soyabean Soyabean
0 0.02+0.05 0.13+0.06 0.15+0.03 0.15+0.03
2 0.05+0.05 0.20+0.09 0.26+0.01 0.23+0.02
4 0.13+0.03 0.3+0.07 0.35+0.00 0.28+0.01
6 0.2+0.02 0.31+0.06 0.38+0.02 0.32+0.04
8 0.22+0.01 0.40+0.06 0.405+0.06 0.39+0.04
24 0.29+0.03 0.50+0.02 0.51+0.03 0.55+0.03
26 0.30+0.01 0.67+0.06 0.71+0.00 0.67+0.07
28 0.34+0.01 0.69+0.02 0.79+0.02 0.68+0.02
30 0.38+0.06 0.71+0.08 0.87+0.03 0.91+0.05
48 0.43+0.02 1.13+0.02 1.14+0.03 1.39+0.05

*All values are expressed as Mean + SD, n=2

Titratable acidity (TA) refers to the total concentration of free
protons and undissociated acids in a solution that can react with a
strong base and be neutralized. On the basis of result obtained,
the selected Soyabean showed very interesting potential prebiotic
property. L. acidophilus produces lactic acid by anaerobic
glycolysis of glycogen, the main carbon source for the
Lactobacilli in the intestine. Lactobacilli might be using raw and
roasted Soyabean as a carbon source. '4

The % titratable acidity of the L. acidophilus containing raw and
roasted Soyabean are represented in table 1 and 2 respectively.
The % titratable acidity of the all L. acidophilus containing

roasted Soyabean to be slightly higher than the titratable acidity
of the raw Soyabean.

Antimicrobial activity of Lactobacillus acidophilus in
presence of prebiotic Soyabean against E. coli

In the present investigation, Soyabean showed maximum
antimicrobial activity against pathogenic Gram —ve E. coli
microorganism which were compared with positive control. The
zone of inhibition was observed against E. coli. This result
showed that the prebiotic i.e., Soyabean stimulate the growth of
L. acidophilus and suppress the growth of pathogenic
microorganism.

Table 3: Antimicrobial activity of L. acidophilus containing prebiotic raw and roasted Soyabean against E. coli.

Strain Incubation Inhibition zone(mm)
time(h) L. acidophillus Reconstituted MRS broth Reconstituted MRS broth
(without prebiotic) with raw soyabean with roasted soyabean
E.coli Control - - -
Tos 6.6+0.30 9.3+0.28 15.6+0.14

The selected L. acidophilus was found to inhibit growth of E.coli.
Significant increases in the inhibition of E. coli was observed in
presence of raw and roasted Soyabean compared to control
(without prebiotic). Higher zone of inhibition was observed in
presence of prebiotic compared to control (without prebiotic)'>.
Production of metabolic by-products such as fatty acids,
hydrogen peroxide, hydrogen and hydroxyl ions, and ammonia,
as well as bacteriocins and bacteriocin-like substances are
responsible to antimicrobial activity of Lactobacilli. Bacteriocins
are proteinaceous, bactericidal substances synthesized by
bacteria, which usually have a narrow spectrum of activity,
inhibiting strains of the same or closely related species.
Bacteriocins appear to be capable of displacing or suppressing the
growth of other bacteria.

Protection of large intestine from pathogens could help to
modulate health of large intestine. Production of antimicrobial
substances by Lactobacilli along with prebiotic could prevent
colonization by pathogenic microorganisms by reducing the
numbers of viable pathogens or by affecting their metabolism,
such as by neutralizing toxins.'¢

CONCLUSION

Increase in optical density of L. acidophilus was observed in the
presence of roasted Soyabean (Glycine max) in the reconstituted
MRS broth medium compared to raw and control. The increase in
optical density, dry mass, lactic acid production and pH lowering
effect observed after 48 h incubation in reconstituted MRS broth
compared to control(without prebiotic). The increase in zone of
inhibition in presence of roasted one indicated that Soyabean had

a great prebiotic potential compared to raw when roasted. From
results of all parameters, it can be concluded that the roasted
Soyabean had great prebiotic potential and can promote the
growth of Lactobacillus acidophilus and inhibit the replication of
pathogenic bacteria.

REFERENCES

1. Wang B, Yao M, Lv L, Ling Z, Li L. The human microbiota
in health and disease. Engineering. 2017; 3(1):71-82.
https://doi.org/10.1016/J.ENG.2017.01.008

2. Catinean A, Neag MA, Muntean DM, Bocsan IC, Buzoianu
AD. An overview on the interplay between nutraceuticals and
gut microbiota. Peer Journal. 2018;6:e4465. https://doi.org/
10.7717/peerj.4465

3. den Besten G, van Eunen K, Groen AK, Venema K,
Reijngoud DJ, Bakker BM. The role of short-chain fatty acids
in the interplay between diet, gut microbiota and host energy
metabolism. Journal of lipid research. 2013; 8:jIr-R036012.

4. Bedford A, Gong J. Implications of butyrate and its
derivatives for gut health and animal production. Animal
Nutrition. 2017;13.

5. Hoentjen F, Welling GW, Harmsen HJ, Zhang X, Snart J,
Tannock GW, Lien K, Churchill TA, Lupicki M, Dieleman
LA. Reduction of colitis by prebiotics in HLA-B27 transgenic
rats is associated with microflora changes and
immunomodulation. Inflammatory bowel diseases. 2005
1;11(11):977-85..

6. Kanauchi O, Nakamura T, Agata K, Mitsuyama K, Iwanaga
T. Effects of germinated barley foodstuff on dextran sulfate

128



10.

11.

Jayashri G. Mahore et al. Int. Res. J. Pharm. 2018, 9 (9)

sodium-induced colitis in rats. Journal of gastroenterology.
1998;33(2):179s-88. https://doi.org/10.1007/s005350050067
Kanauchi O, Mitsuyama K, Homma T, Takahama K,
Fujiyama Y, Andoh A, Araki Y, Suga T, Hibi T, Naganuma
M, Asakura H. Treatment of ulcerative colitis patients by
long-term administration of germinated barley foodstuff:
multi-center open trial. International journal of molecular
medicine. 2003;12(5):701-4. https://doi.org/10.3892/ijmm.
12.5.701

Crunkhorn P, Meacock SC. Mediators of the inflammation
induced in the rat paw by carrageenin. British Journal of
Pharmacology. 1971;42(3):392-402. https://doi.org/10.1111
/3.1476-5381.1971.tb07124.x

Perez-Lopez E, Cela D, Costabile A, Mateos-Aparicio I,
Ruperez P. In vitro fermentability and prebiotic potential of
soyabean Okara by human faecal microbiota. British Journal
of Nutrition. 2016 ;116(6):1116-24. https://doi.org/10.1017/
S0007114516002816

Khandelwal K. Practical book of Pharmacognosy Techniques
and Experiment Ed 2nd, Page no. 110-115.

Vigsnes LK, Holck J, Meyer AS, Licht TR. In vitro
fermentation of sugar beet arabino-oligosaccharides by fecal
microbiota obtained from patients with ulcerative colitis to
selectively stimulate the growth of Bifidobacterium spp. and
Lactobacillus spp. Applied and environmental microbiology.
2011;77(23):8336-44. https://doi.org/10.1128/ AEM.05895-
11

12.

13.

14.

15.

16.

Widdel F. Theory and Measurement of Bacterial Growth.
Grundpraktikum Mikrobiologie, 4. Sem. (B. Sc). Bremen:
Universitat Bremen. 2007:45-49.

Graham AF, Lund BM. The effect of alkaline pH on growth
and metabolic products of a motile, yellow-pigmented
Streptococcus sp. Journal of Microbiology.
1983;129(8):2429-35 https://doi.org/10.1099/00221287-129-
8-2429

Olson DW, Aryana KJ. Effect of prebiotics on Lactobacillus
acidophilus growth and resulting pH changes in skim milk
and a model peptone system. Journal of Microbiology
Biochemical Technology. 2012;4(5):121-5. https://doi.org/
10.4172/1948-5948.1000081

Mahore JG, Rohit BB, Deshkar SS. Investigation of
Oligosaccharides for Prebitoic Action on Vaginal
Lactobacilli. Journal of Young Pharmacists. 2017 Oct
1;9(4):502. https://doi.org/10.5530/jyp.2017.9.98

Mostafa A, Al-Askar AA, Almaary KS, Dawoud TM,
Sholkamy EN, Bakri MM. Antimicrobial activity of some
plant extracts against bacterial strains causing food poisoning
diseases. Saudi Journal of Biological Sciences. 2017;5(2):
123-128.

Cite this article as:

Jayashri G. Mahore et al. Effect of roasting on prebiotic potential
of Soyabean (Glycine max). Int. Res. J. Pharm. 2018;9(9):125-
129 http://dx.doi.org/10.7897/2230-8407.099199

Source of support: Nil, Conflict of interest: None Declared

Disclaimer: IRJP is solely owned by Moksha Publishing House - A non-profit publishing house, dedicated to publish quality research, while
every effort has been taken to verify the accuracy of the content published in our Journal. IRJP cannot accept any responsibility or liability for
the site content and articles published. The views expressed in articles by our contributing authors are not necessarily those of IRJP editor or
editorial board members.

129



