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ABSTRACT
Objective: The aim of the present study was to find out the effect of fermentation on the physico-

chemical properties (pH, total titratable acidity and protein content), antinutritional factors (phytate, total
polyphenolic content (TPC) and tannin), antiradical activity and in vitro protein digestibility of desi Cicer
arietinum seeds. Methods: Physicochemical parameters were assessed by using pH meter and titrimetric
method. Antinutritional factors such as phytate, TPC and tannin were determined by spectrophotometric,
Folin-ciocalteu and Folin—denis method respectively and protein content and digestibility by Lowry’s
method and Pepsin-HCI method respectively. Results: Results showed that fermentation significantly
reduced the pH from 6% to 4% and total titratable acidity from 1% to 4%. TPC in raw lentil was found to
be 1011.4 mg/100g which was reduced to 150.5 mg/100g after 40 h of fermentation. There was 99% and
93% reduction in phytate and tannin content respectively after fermentation Antiradical activity was
reduced from 90% to 65% at different intervals of fermentation. Fermentation significantly increased the
in vitro protein digestibility from 43% to 75%.Conclusion: The study revealed that fermentation
significantly improved the nutritive value of desi chickpea.

Keywords: Fermentation, Antinutritional, Polyphenols, Protein digestibility, Cicer arietimum.

INTRODUCTION food because of its low cost, low energy

Fermentation is regarded as one of the oldest and
most economical methods of processing and
preserving foods aimed at prolonging shelf-life
and improving palatability. It may also improve
digestibility and nutritional value of food.
Fermentation consists of modifying food by
microorganisms that grow and reproduce and
consume part of the substrate and enrich it with
the products of their metabolism. It is an ancient
technology that remains one of the most practical
methods for preserving foods and enhancing their
nutritional and organoleptic qualities. It is a
desirable method for processing and preserving

requirements, and high yield, with acceptable and
diversified flavors for human consumption @.
Today, a variety of food products are derived from
this technology in households, small-scale food
industries as well as in large enterprises.
Furthermore, fermentation is an affordable food
preservation technology and of economic
importance to developing countries. It enhances
the nutritional quality of foods and contributes to
food safety particularly under conditions where
refrigeration or other foods processing facilities
are not available @
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Fermentation has been reported to cause a general
improvement in the nutritional value of legumes.
Whole or ground seeds, either raw or cooked, can
act as substrate for fermentation. The fermented
legumes are popular due to improved sensory
characteristics, protein quality and digestibility
and contents of some minerals and vitamins, as
well as partial or complete elimination of
antinutritional factors ©

Chickpea (Cicer arietinum) is a crop of economic
importance and also an important source of protein
in the diet of people in India as well as other. It is
the third most important pulse crop in the world
and is mainly grown in the semi-arid regions
particularly in the Indian subcontinent and dry
areas of the Middle East. The chickpea seeds are
relatively higher in protein content (25 to 30 %),
carbohydrate and calories than other legumes. Its
seeds are also a good source of essential minerals
like calcium, phosphorus, iron and vitamin B “
Grain legumes or pulses, although are rich and
low-cost sources of dietary proteins and nutrients
for a large part of the world’s population, their
nutritive value is limited by the presence of several
antinutritional and toxic substances and poor
digestibility ®" Fermentation is a method that
seems to enhance the nutritive value of legumes by
increasing the levels of essential nutrients and
reducing the level of antinutrients in foods. It
ultimately contributes towards the improvement in
the in-vitro digestibility of legumes ©" The aim of
this work was to study the efficiency of
fermentation on the reduction or elimination of
antinutritional factors, improvement in the protein
digestibility and changes in the physico-chemical
properties of desi cicer arietinum seeds.

MATERIAL AND METHODS
Procurement of Raw Materials
Chickpea (Cicer arietinum) used for this
investigation has been purchased from the local
market of Allahabad city. All required chemicals
and apparatus have been obtained from Centre of

Food Technology, University of Allahabad. All
the chemicals used in analysis were of AR
(Analytical Reagent) grade.

Fermentation

The standard fermentation procedure was followed
- The sample flour was mixed with distilled
water (1:2 w/v) and incubated at 37°C for 16, 24,
32 and 40 hours time intervals. The fermented
samples were dried in hot air oven at 70°C for 4 to
6 hours and the dried samples were grounded and
stored in polyethylene bags at 4°C for subsequent
analysis.

Proximate, vitamin and mineral content

The AOAC methods ® were used to determine
proximate composition: drying at 105 °C for 24 h
for moisture (method 925.098); incineration at 550
°C for ash (method 923.03); defatting in a Soxhlet
apparatus with petroleum ether for lipids (method
920.39C with minor modifications). Carbohydrate
content was estimated by difference method and
the calorific value was estimated as given in
Swaminathan ©

pH and Total titratable acidity

The pH of the samples was determined according
to the method of AOAC (10). The titrable acidity
was estimated by titrating against 0.1 N NaOH to
phenolphthalein end-point and the acidity was
calculated as g lactic acid/100g

Protein

Protein estimation was estimated by Lowry’s
method “?* The blue colour developed by the
reduction of the phosphomolybdic-
phosphotungstic components in the Folin-
Ciocalteau reagent by the amino acids tyrosine and
tryptophan present in the protein plus the colour
developed by the biuret reaction of the protein
with the alkaline cupric tartrate was measured.

In vitro protein digestibility

The in vitro protein digestibility of the samples
was determined by enzymatic method (13). A
known weight of the sample containing 16 mg
nitrogen was taken in triplicate and digested with 1
mg pepsin in 15 ml of 0.1 M HCI at 37°C for 2
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hours. The reaction was stopped by the addition of
15 ml 10% trichloro-acetic acid (TCA). The
mixture was then filtered quantitatively through
Whatman No. 1 filter paper. The TCA soluble

fraction was assayed for nitrogen using the micro-
kjeldahl method. Protein digestibility of the
sample was calculated by the following formula:

N in supernatant — blank N

Protein digestibility (%) =

x 100

Total polyphenolic content

Polyphenols are extracted with 70% methanol
from a test portion of finely ground sample at 70°
C. The polyphenols in the extract was determined
colorimetrically using Folin-Ciocalteu phenol
reagent and gallic acid was used as a calibration
standard 4"

Phytate

The phytate was extracted with trichloroacetic acid
and precipitated as ferric salt. The iron content of
the precipitate is determined colorimetrically and
the phytate phosphorus content calculated from
this value assuming a constant 4 Fe: 6 P molecular
ratio in the precipitate **"

Tannin
Estimation of tannins was done by Schanderel et
al., " Tannin-like compounds reduce

phosphotungstomolybdic acid in alkaline solution
to produce a highly colored blue solution, the
intensity of which is proportional to the amount of
tannins. The intensity is measured in a
spectrophotometer at 700 nm.

Percent antiradical activity

DPPH is a stable free radical that accepts an
electron or hydrogen radical to become a stable
diamagnetic molecule. The reduction capability of
the DPPH radical is determined by the decrease in
its absorbance at 516 nm induced by antioxidants.
The absorption maximum of a stable DPPH
radical in ethanol was at 516 nm @7

Statistical Analysis

The results of fermentation at different hours are
given as means xstandard error. Statistical analysis

N in sample

of variance (One-Way ANOVA) was done by
using SPSS software 12 version, to determine
differences among means. The statistically
significant difference was defined as p<0.01.

RESULTS
Proximate, Vitamin and Mineral Composition
of chickpea
Table 1 shows the proximate, vitamin C and
mineral composition of chickpea. These values
were compared with the values given by Gopalan
™8 in Food Composition table.
Effect of fermentation on the pH and total
titratable acidity of chickpea
Unfermented flour of chickpea had a pH value of
6.6 (Table 2). Fermentation gradually reduced the
pH with time. Fermentation of the flour for 16, 24,
32 and 40 hours had significantly (p<0.05)
dropped the pH to 5.2. Unfermented flour of
chickpea had a Total Titratable Acidity (TTA) of
1.4% (Table 2). Fermentation gradually increased
the TTA with time. Fermentation of the flour for
16, 24, 32 and 48 hours had significantly (p<0.01)
increased the TTA to 3.8%.
Effect of fermentation on the phytate content of
chickpea
Phytate (mg/100g) content of chickpea is shown in
Table 3 as affected by different periods of
fermentation (16, 24, 32, 40 hours). Phytate
content of the unfermented flour was 667
mg/100g. Fermentation of the chickpea
significantly (p<0.01) reduced the phytate content
to about 98%.
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Effect of fermentation on the total polyphenolic
content of chickpea

The mean values for the effect of fermentation on
total polyphenolic content are presented in Table
4.2. There is significant difference (p<0.01)
among means. Fermentation at 16, 24, 32 and 40 h
increased TPC by 27%, 22%, 16% and 17%,
respectively (Table 3).

Effect of fermentation on the tannin content of

chickpea
The tannin content of unfermented flour was
0.35%. Fermentation significantly (p<0.05)

reduced the tannin content by about 57% at the
end of 40 hours. The values for tannin at different
fermentation time periods are given in Table 3.
Effect of fermentation on the percent (%o)
antiradical activity of chickpeaThe mean values
for the effect of fermentation on antiradical
activity are presented in Table 3. The analysis of
variance of the data showed significant differences
(p<0.05) among different time intervals. The
percent antiradical activity of raw chickpea was
88%. During fermentation for 16, 24, 32 and 40 hr
of chickpea, antiradical activity decreased by
3.4%, 2%, 3.6 % and 3.4% respectively.

Effect of fermentation on the protein content of
chickpea

The protein content of raw chickpea was
18.29/100g (Table 2). After 32 hours of
fermentation period, the protein content was found
to be 25.49/100g. However, at the end of 40 hours
of fermentation the protein content was observed
to be 27.59/100g. During fermentation forl6, 24,
32 and 40 hr of chickpea, protein increased by
15.3%, 9.5%, 8.6 % and 8%, respectively.

Effect of fermentation on the in vitro protein
digestibility of chickpea

The in vitro protein digestibility (IVPD) of
unfermented chickpea flour was 54.3%. At the end
of 40 hours of fermentation, the IVPD was found
to be 77%. This increased value was observed to
be significant (p<0.01).

DISCUSSION

This decline in pH indicates the production of
lactic acid. The pH drop was probably the result of
microbial activity on the flour converting some of
the carbohydrates into organic acids such as lactic
acid, citric acid and acetic acids “* According to
these authors, the production of lactic acid bacteria
during fermentation has attributed to the decrease
in pH. Organic acids produced during
fermentation also can potentially enhance Fe and
Zn absorption via the formation of soluble ligands
@) The increased acidity and low pH as a result of
fermentation enhances the keeping quality of
fermented foods, by inhibiting microbial growth
and also contributing to the flavor of the processed
food @,

The decrease in phytate content during
fermentation might be due to activity of enzyme
phytase naturally present in legumes and
microorganisms in the dough. It has been
suggested that the loss of phytate during
fermentation could be a result of the activity of
native phytase and/or the fermentative microflora
by different workers @ ™ Reduction in phytic
acid contents of cereal and legume seeds with such
processing treatments has been frequently reported
@- This has been attributed to an increase of
phytase activities in fact; this enzyme makes the
phytates soluble and released soluble protein and
minerals. Fermentation also provides optimum pH
conditions for enzymatic degradation of phytic
acid which is present in cereals in the form of
complexes with polyvalent cations such as iron,
zinc, calcium, magnesium and proteins.

With regard to the TPC content after fermentation,
our results are in agreement with those reported in
fermented Lens culinaris, V. sinensis and Glycine
max “® and others(24). Studies suggested that the
fermentation process is an adequate and effective
process for increasing the concentration of
phenolic compounds and, hence, their nutritional
and biological quality ®®* Few workers have also
reported an increase in polyphenol content of
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fermented flour with increase in temperature in
pearl millet ®®* Some authors have reported that
polyphenols increase significantly or remained
constant in the fermented food also natural
fermentation was found to increase certain
phenolic monomer like catechin ®- An increase in
the concentration of total phenolic content during
fermentation of millet and explained this by the
hydrolytic activity of microorganism that degrade
tannin phenolic compounds of low molecular
weight @7

The decrease in tannin content after certain
processing treatments in legumes was also
observed by various authors @ The decreases in
the tannin content were attributed to the hydrolysis
of polyphenolic compounds or tannin complexes
during fermentation. It may also be due to the
activities of microorganisms during fermentation
which decreases the tannin content in the
fermented product because microorganisms play a
vital role in the reduction of tannins. These results
were in agreement with earlier findings ® who
observed that optimum fermentation time is quite
essential to obtain maximum tannin reduction in
chickpea. Tannin reduction during fermentation
might have been caused by the activity of enzyme
tannase of fermenting microflora on tannin.This
enzyme hydrolyses the deep side ester bond of
hydroxylable tannin releasing gallic acid and
glucose ©"

Some studies have been also witnessed a decrease
in percentage DPPH radical inhibition, amount of
total phenolic compounds and super oxide anion
radical inhibition as a result of fermentation ©°"
Few authors also stated that the presence of
phytase produces flours with lower antioxidant
activity might be due to the phytase acting on
phytic acid, decreasing its concentration and
liberating into the medium the phosphate groups
and cations. Phytic acid is considered to be an
antioxidant compound because it is a potent
inhibitor of iron-catalyzed hydroxyl radical
formation by chelating free iron ®?- On the other

hand, the liberated cations might favor the
oxidation of different components of the medium.
These two facts could be the cause of lower
antioxidant activity.

The increment in the per cent protein content
during fermentation is also quantitative increment
attributed to the utilization of carbohydrates by
microorganisms ©%¥- |t can also be due to
microbial synthesis from metabolic intermediates
during fermentation an increment of raw protein
during the fermentative process of ‘Tape Ketan’
and Pentaclethra macrophylla Benth variety ©°:
Increment of raw protein in the fermented product
could be due to the protein hydrolysis product by
extra cellular enzyme of fermented micro-
organism, such as proteases, promoting an
increase in the total nitrogen content caused by the
release of amino acid and short chain peptides. On
the other side in cowpea no change in protein level
has been reported ©¥. Antinutrients have the
capacity of decreasing the content and increasing
the palatability of the product because they form
insoluble complexes with them ©%  The
antinutrients level are decreased in the fermented
product and thereby increasing the protein content.
The fermentation significantly improves the
protein quality as well as the level of lysine in
millet and other cereals © In the same
way, during the fermentation of corn meal the
concentrations of available lysine, methionine and
tryptophan increase had been found to be
increased "

The poor protein digestibility of legumes is caused
by phytic acid and polyphenols that bind to
enzymes in the digestive tract and thus inhibit
utilization of proteins ©® This adverse effect can
be overcome by fermentation. In vitro protein
digestibility is increased after fermentation
because of partial degradation of complex storage
proteins by endogenous and microbial proteolytic
enzymes into soluble products ©” The increment
in in vitro protein digestibility (IVPD) could be
attributed to antinutrients degradation by
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microorganisms and to partial degradation of
complex storage proteins into more simple and
soluble products. It was suggested that
fermentation causes structural changes in the
storage proteins (prolamins and glutelins) making
them more accessible to enzymatic attack. Studies
have been also demonstrated that during
fermentation, insoluble protein (prolamine and
glutelin) under structural changes which makes
them more accessible to pepsin attack, rather than
being broken down into smaller sub-units. These
changes are likely to have a marked effect on
protein digestibility of seed protein and may be
responsible for the increased protein digestibility.
As a result of lactic acid fermentation, the protein
digestibility can be elevated. Fermentation of food
grains is known to be an effective method of
improving the starch and protein digestibility and
bioavailability of minerals.

CONCLUSION

On the basis of the above findings it is concluded
that Fermented legumes are an integral and
significant part of the diet of many people in
developing countries, being one of the oldest and
most economical methods of processing and
preserving foods. Fermentation led to desirable
changes in the legume, including an improvement
in protein digestibility and enhancing of storage
guality of the product, providing adequate
amounts of food energy and a partial or complete
elimination  of  anti-nutritional  compounds
(tannins, phytates and polyphenolc etc.).
Therefore, natural fermentation of legumes has
been a very effective process for increasing
functionality of Cicer arietinum. Within the
studied fermentation processes, whole grain
fermentation is very promising, due to the
obtained results as well as its lower cost.
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Table 1: Nutritional composition of Cicer arietinum

Proximate Reference range Whole (desi) chickpea
(9/100g), (Gopalan, 2004)

Moisture (%) 12.4 8.0+0.05

Protein (g) 25.1 18.2 £0.15

Fat (9) 33 5.2+ 0.09

Ash (%) 2.1 2.84 +£0.09

Fibre (g) 0.7 4.0£0.14

Carbohydrate (g) 59.0 65.8+0.12

Energy (Kcal) 343 382.5+ 0.58

Table 2: Effect of fermentation on physico-chemical properties and in vitro protein digestibility of Cicer
arietinum

Treatments pH Total titratable Protein content IVPD (%)
acidity

0 h Fermentation 6.6+0.62° 1.4+0.03 18.2+0.18° 54.3+0.29°

16h Fermentation  6.3+0.00° 2.1+0.03° 21+0.20° 57.7+0.50°

24h Fermentation  6.0+0.03° 2.7+0.57° 23+0.23° 60.8+0.20°

32h Fermentation  5.4+0.03° 3.2+0.57¢ 25+0.30¢ 64.2+0.25"

40h Fermentation 5.1+0.03? 3.8+0.03° 27+0.29° 77.1+0.34°

" Values are means * (S.D.). Means in a column, within processing condition, not followed by a common letter
are significantly different at P < 0.05 as assessed by Duncan’s multiple range test. Means in a column, within
processing condition, not followed by a common letter are significantly different at P < 0.01

Table 3: Effect of fermentation on antinutritional factors and antiradical activity of Cicer arietinum

Treatments Phytate TPC Tannin Antiradical
(mg/100g) (mg/100g) (mg/100g) activity (%)

0 h Fermentation 667+1.20° 145+1.73% 0.35+0.02° 88.1+0.15°

16h Fermentation ~ 350+2.08° 185+2.88° 0.13+0.035" 85.3+0.33¢

24h Fermentation 107+1.15° 226+1.73° 0.1040.03" 83.6+0.33°

32h Fermentation ~ 32+1.20° 264+2.30" 0.16+0.03" 80.2+0.57°

40h Fermentation 12+1.52° 309+1.22° 0.33+0.03% 77.5+0.87°

" Values are means + (S.D.). Means in a column, within processing condition, not followed by a common letter
are significantly different at P < 0.05 as assessed by Duncan’s multiple range test. Means in a column, within
processing condition, not followed by a common letter are significantly different at P < 0.01
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