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Abstract

The study focused on developing vegan curd from chickpeas and evaluating its probiotic efficacy. Microbial analysis
showed a total viable count of 1.52x10”6 CFU/ml, with no presence of yeast, mold, or E. coli. Using a nine-point hedonic
scale, organoleptic evaluation demonstrated significant acceptability based on sensory attributes like appearance,
colour, taste, texture, flavour, and overall acceptability. Proximate composition analysis revealed energy content (191
Kcal), carbohydrates (12.11 g), protein (35.1 g), fat (1.24 g), fiber (5.33 g), calcium (49.04 mg), and vitamin C (195 mg).
Additionally, physical properties such as pH, colour, viscosity, titratable acidity, total soluble solids, and textural
properties were assessed, along with a 7-day storage study. The vegan curd exhibited potential as a probiotic, richness
in vitamin C, cost-effectiveness, and microbial safety, making it a promising option for individuals with dietary restrictions

or preferences seeking alternatives to cow milk.
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Plant-based milk substitutes have become more popular
around the world as a result of their numerous health benefits.
Phenolic compounds, unsaturated fatty acids, antioxidant
activity, and bioactive chemicals such as phytosterols and
isoflavones make plant-based milk substitutes an excellent
choice, despite the added sugar and lack of total protein content.
Lactose intolerance or allergies to cow's milk necessitate the use
of plant-based milk alternatives. Because plant-based milk
substitutes are utilized as a key ingredient in many vegan food
items such as plant-based yogurt, cheese, kefir, butter, ice
cream, and so on, they are one of the food groups that are
irreplaceable in the vegan food business. Chickpea (Cicer
arietinum L.) is a semiarid crop that belongs to the genus Cicer,
tribe Cicereae, family Fabaceae, and subfamily Papilionaceae.
It is cultivated primarily in semiarid areas. Chickpea is chosen
as the most important food legume plant in a sustainable
agricultural system because of its low production cost, wider
adaptation, ability to fix atmospheric nitrogen, and flexibility to
fit in diverse crop cycles. Chickpeas are a nutrient-dense and
healthful food, with high protein content, and carbs, particularly
in key amino acids, as well as fiber, vitamins, and minerals.
Raffinose-family oligosaccharides (RFO), resistant starches,
and fibers are abundant in chickpeas [18] which helps to lower
total cholesterol and LDL cholesterol.

Chickpeas are abundant in linoleic and oleic acids, which
are unsaturated fatty acids. Plant-based milk substitutes have
health benefits such as antioxidant activity on the immune
system and a lower risk of cardiovascular disease [45]. Vegan

milk is a plant-based drink that has the same flavor, texture, and
properties as regular animal milk. Plant milk strives to contain
the same number of nutrients as animal milk, although vegan
milk has a lower nutrient density than dairy milk because they
are made from processed extracts of the original plant. Plant-
based milk alternatives have a huge growth potential in the
health food market, and they need to be thoroughly investigated
through advanced processing, technological interventions, and
fortification techniques to develop a nutritionally complete
beverage with high overall consumer acceptability.

The term 'probiotic’ is taken from the Greek language
and means ‘for life. It has been defined in several ways in the
past. Definitions such as ‘substances produced by protozoa that
stimulate the growth of another’ or ‘organisms and substances
that have a beneficial effect on the host animal by contributing
to its intestinal microbial balance’ were used. Live bacteria in
probiotic goods, such as bio-yogurt, boost the health of the host
by exerting beneficial effects on the gastrointestinal system.
The consumption of probiotic bacteria in the form of food
products is an excellent technique to rebalance the intestinal
microbiota [15]. There are two types of probiotic products: non-
fermented and fermented. Probiotic yogurts are included in the
second category. It's critical to produce probiotic yogurt with
the best possible survivability, sensory, and economic features
[11]. Many different types of probiotic yogurt are produced
around the world, each with a different cultural makeup.
However, throughout the fermentation process and refrigerated
storage, probiotic viability is lost, which is a key challenge in
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the manufacture of probiotic yogurt [14] [27]. The goal is to
make them healthier and more similar to cow's milk. It's worth
noting that most plant-based beverages can't replace cow's milk
in terms of nutritional value. The type of plant-based beverage
chosen will be determined by the person's goals (nutritional or
sensory) as well as their tastes and limits [20]. The objectives
of the study are to standardize chickpea curd and to determine
the physical, and microbial loads of the formulated product. To
analyze the sensory characteristics, shelf life, and invitro
probiotic efficacy of the developed product.

MATERIALS AND METHODS

Procurement of raw material
Chickpea — Chickpea was procured from the local
supermarket, in Chennai, India.

Pre-processing of raw materials

The procured raw materials are pre-processed before
preparing the product.

Chickpea - Chickpea is washed with water to remove any
dirt and it is soaked overnight for 8 hours.

Extraction of chickpea milk

Chickpea milk was extracted from the chickpea seeds.
The chickpea was cleaned manually to remove dust. The
cleaned chickpea 100g was soaked in 300ml cleaned tap water
for 10-12 hours. Water and chickpea are separated. The soaked
chickpeas are added to the blender to make it into a smooth
paste. The paste was mixed with 300ml cleaned tap water to the
thickness of the milk and sieved through a muslin cloth (1mm)
into a fitted container.

Formulation of curd

Preparation of vegan starter culture

100g of chickpea was soaked for 8 hours. The chickpea
was strained and the filtered water was used as a starter culture
for the formulation of curd.

Preparation of chickpea curd

Chickpea milk was inoculated as described by [32],
Chickpea milk was pasteurized for 15 minutes at 600C and
allowed to cool. 2 ml of Starter culture was dissolved in
lukewarm milk (37 degrees C) in a cup and stirred well. The
milk was incubated at 35 °c for 10-12 hours.

Microbial analysis of the curd

Total plate count

The total plate count (TPC) of the spread sample was
estimated by the procedure laid down in IS 1479 (part: I11),
1997 using nutrient agar (NA) media.

Yeast and mold

Potato dextrose agar (PDA) was used to enumerate yeast
and mold count as per the procedure laid down in IS:
1479(PART: 111),1977.

Total viable count

DeMan-rugosa (MRS) agar was used to grow lactic acid
bacteria. A series of dilutions using peptone water were
prepared by aseptically removing the diluent of the culture until
the dilution factor determined in the preliminary test was
achieved. Using the spread plate method, 0.1 ml of the sample
was transferred onto the agar. All the inoculated agar plates
were left to incubate with AnaeroGen Sachet at 37 °C for 72

hours. The colonies were counted using a colony counter and
expressed as CFU/ml.

Organoleptic evaluation of the curd

Sensory analysis is the process of inspecting a product
using the five senses (sight, smell, taste, touch, and hearing) for
quality features such as appearance, flavour, scent, texture, and
sound. [40] It is analyzed using a 9-point hedonic scale.

The nine-point hedonic scale is the most prevalent, with
1 indicating extreme dislike and 9 indicating extreme like. The
hedonic scale posits that participants' preferences are on a
spectrum and that their responses can be divided into two
categories: like and dislike. The curd was prepared with
chickpea milk and subjected to organoleptic evaluation. The
curd was organoleptically evaluated by 15 untrained panelists
by using a 9-point Hedonic Rating Scale” at SDNB Vaishnav
College for Women. The sensory scores of Curds for each
parameter were subjected to statistical analysis to calculate
mean scores.

Physical properties of the curd
Colour

Colour is an important quality indicator for curd.
Instrumental colour analysis using the Hunter Colour Flex
Colourimeter provides an objective way to quantitatively
measure and compare the colour of curd samples, by
standardizing the elements necessary to view colour.

Three elements are necessary to see colour: a light
source, an object, and an observer. Three-dimensional scales,
such as CIE L*a*b*, have been developed to objectively
quantify colour values. This scale defines colour as follows:

L* (lightness) axis: black to white (0 to 100)

a* (red-green) axis: positive values are red; negative values are
green; O is neutral

b* (yellow-blue) axis: positive values are yellow; negative
values are blue; 0 is neutral

Viscosity

Viscosity is the measure of the resistance of a fluid to
deform under shear stress. It is commonly perceived as flow
behavior or resistance to pouring.

Titratable acidity

Around 10g of the sample was weighed and 30 ml of
lukewarm water was added. Add one ml of phenolphthalein
indicator solution. Shake well and titrate against standard
sodium hydroxide solution. Stir vigorously throughout. Keep in
another dish or basin about 10 g of the material diluted with 30
ml of lukewarm water as a blank for comparison of colour. The
persistence of a slight pinkish tinge for 30 seconds indicates the
endpoint The titration shall be preferably made in north light or
under illumination from a daylight lamp. (1S 1166 — 1973)

Proximate composition of the curd

The proximate composition such as carbohydrates
(AOAC 2000), protein [Kjeldahl method (AOAC 2002)], fat
[Soxhlet method (AOAC 2000)], moisture (AOAC 2000), ash
content (AOAC 2000), and calcium (AOAC 2000) of the
chickpea curd was evaluated.

In vitro probiotic efficacy of the isolate
Isolation of lactic acid bacteria from curd

For isolating lactic acid bacteria curd sample was
suspended, appropriately diluted in sterile normal saline, spread
plated on de Mann Rogosa Sharpe (MRS) agar, and incubated
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at 37°C for 2 days. Only two isolates were isolated because of
the covid pandemic. The two isolated colonies were transferred
to MRS broth and purified by streaking twice on an MRS agar
plate.

Morphological identification
The two isolated organisms were subjected to the
following morphological identification;

Spore staining

Gram-positive and catalase-negative isolates were
grown on MRS agar at +37°C for 24 h under anaerobic
conditions. The spore-staining procedure was applied. After the
spore-staining technique, the endospore formulation was
examined under light microscopy using oil immersion
objectives. The isolates that did not form endospores were
selected for further analysis.

Biochemical identification of the isolate
The two isolated organisms were subjected to the
following biochemical tests:

KOH test

The KOH test was used to determine the gram reaction
of LAB isolates. LAB cultures were grown on MRS agar at
37°C for 24 h under anaerobic conditions. The isolates, that did
not give a viscid product, were selected since lactic acid
bacteria (LAB) are known as Gram-positive cells.

Catalase test

Overnight cultures of isolates were grown on MRS agar
at +37°C for 24 h under anaerobic conditions. The catalase test
was conducted by dripping two drops of hydrogen peroxide
(3%) on 24 hold cultures on a glass slide. The catalase test
showed a positive reaction characterized by the formation of
oxygen bubbles that indicate the production of catalase enzyme
by the test bacterium. Therefore, the isolates, that did not give
gas bubbles, were selected for subsequent activities. [30]

In vitro probiotic efficacy of the isolates

Tolerance to low pH

The isolates were grown separately overnight in 5 ml
MRS broth at +37°C under anaerobic conditions. A volume of
1 ml of log 7 CFU/ml of each overnight-grown culture was
inoculated into 10 ml of MRS broth to give an initial log 6
CFU/ml inoculum level. The culture was then centrifuged at
5000 rpm for 10 min at +4°C. The inoculated plates were
incubated at 37°C for 24 to 48 h under anaerobic conditions
using an anaerobic jar. The grown LAB colonies were
expressed as colony-forming units per milliliter (CFU/ml). A
positive control consisting of regular MRS broth inoculated
with the culture was used. The survival rate was calculated as
the percentage of LAB colonies grown on MRS agar compared
to the initial bacterial concentration.

Tolerance to bile salts

To estimate bile tolerance of acid-tolerant LAB the
isolates were separately grown overnight in MRS broth at 37°C
under anaerobic conditions. The survival rate was calculated as
the percentage of LAB colonies grown on MRS agar compared
to the initial bacterial concentration.

Bacterial adhesion to stainless steel plates

Adherence assay of acid-bile-tolerant, antagonistic, and
antibiotic-sensitive lactic acid bacterial isolates was determined
on stainless steel plates.

Gas production from glucose

To determine LAB isolates' homofermentative and
heterofermentative characteristics, CO, production from
glucose was determined in modified MRS broth containing
inverted Durham tubes with 1% glucose. The presence of gas in
Durham tubes during 5 days of observation indicates CO;
production from glucose [30].

Storage study of the curd

Storage studies were carried out for the prepared sample
and quality parameters were evaluated during storage. The
quality parameters of the sample produced were taken after
preparation and the measurement was considered as the quality
parameter on the Oth day. Later, the sample was filled in glass
containers respectively. Containers were sealed tightly. The
packed samples in a glass container were stored at a refrigerated
temperature of 4 degrees Celsius. The quality parameters data
were taken at regular intervals of the Oth day, 1st day, 3rd day,
and 7th day.

Microbial attributes during storage of the curd
Microbial analysis during the storage period has been
showed in (Table 1).

Table 1 Microbial analysis during the storage period
Shelf-life attributes Reference

Yeast and oould Hitching et al. (1995)
E. coli Bellio et al. (2018)

Sensory evaluation during storage: Sensory evaluation
was done on the Oth day, 1% day, 3" day, and 7™ day of the curd
sample.

Statistical analysis of data

Planning, designing, collecting data, analyzing, making
relevant interpretations, and publishing research findings are all
statistical processes involved in conducting a study. Colour,
taste, appearance, flavor, texture, and general acceptability
were used to calculate the average and standard deviation. SPSS
software was used to calculate the mean, standard deviation,
and ANOVA. The statistical process of analysis of variance
(ANOVA) is used to compare the means of several samples.
The goal is to see if there are any significant differences in class
means, which is done by the analysis of variances.

Cost calculation of the curd

The cost for each product is separately calculated. The
food cost, the labour cost, the overhead cost, and the hidden cost
are included under this analysis category. The cost analysis for
the value-added curd was also done to check its affordability to
the common people. The cost analysis is estimated through the
following formula:

COST A+ COST B
Q

Cost of Production =

Were,

Cost A = Cost of the raw materials
Cost B = Cost of the processing.
Q = Quantity of the chickpea

RESULTS AND DISCUSSION

Microbial analysis of the curd

Microbial analysis of any food product, new or existing,
aids in recognizing the quantitative and qualitative existence of
microorganisms in the given food product. The formulated curd
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was subjected to microbial analysis. The total microbial count
of the curd control and sample was formulated in the given
(Table 2). The probiotic viability for the curd sample was
1.52x10® CFU/ml, as lactic acid bacteria. When the viability
count is compared to coconut milk yogurt it is 1x10® CFU/ml.
the chickpea curd has better growth of probiotic bacteria.
Hence, the growth of probiotic bacteria is dependent on the
presence of sugar in the food product, which is available for
fermentation and  sustainability —of probiotics. The
microbiological quality was determined by enumerating its
TPC. The total plate count of the sample was 1.850x10*
CFU/ml. The microbial value of plain dairy yogurt was 6.81
x10% CFU/ml. When compared with the above value, the
sample was lower than the plain yogurt. The microbiological
requirements, according to FSSAI 2011, are not more than 50
CFU/ml for total plate count (TPC). Hence, it is within the safe
limit which is safe for human consumption. Yeast is a class of
fungi that requires a warm and moist environment and a food
source to grow. Yeasts are eukaryotic organisms that are
included in a group of organisms called fungi, which also
include molds. The yeast and mould count of the sample and
control received nil growth due to proper hygiene and sanitation
[14]. E. Coli is a type of bacteria that lives in the intestines and
is responsible for some cases of food poisoning. It is clear from
the table, that there is no evidential growth of coliforms in both
the control sample and as well the sample because of the highly
proper hygienic conditions and proper sanitation during the
manufacturing of yogurt. Hence, it is safe for consumption [19].

Table 2 Microbial analysis of the curd

Parameters Control Sample
Total viable count  1.75x10° CFU/ml  1.52x10% CFU/ml
Yeast and mould Nil growth Nil growth
E. coli count Nil growth Nil growth

Organoleptic evaluation of chickpea curd

The curd was prepared with chickpea milk and subjected
to organoleptic evaluation. The curd was organoleptically
evaluated by 15 untrained panelists by using a 9-point hedonic
Rating Scale. The different attributes considered for
organoleptic evaluation are appearance, colour, taste, texture,
flavour, and overall acceptability. The (Table 3) presents a
correlation of the mean scores allotted by the panel judges for
each sensory attribute of the products. The chickpea curd had a
maximum overall acceptability score than cow milk curd. Then
the chickpea curd was subjected to further analysis. Appearance
is the first feature detected by the human senses is appearance,
which plays a critical role in the identification and final
selection of food. Colour, shape, size, gloss, dullness, and
transparency all contribute to the visual experience of food [40].
The highest score for appearance was recorded for sample
8.4+0.50 when compared to the control curd 7.4+0.63. This
indicates that the appearance of curd made from chickpea was
highly acceptable than control by the untrained panelist.

Table 3 Mean acceptability and Standard deviation scores of

curd

Parameters Control Sample P-Value
Appearance 74+0.63 84050 0.004**
Colour 7.06+0.70 8.66+0.48 0.001**
Taste 7.33+048 8.73+045 0.001**
Texture 74+0.73 853+x051 0.001**
Flavour 7.06+0.96 8.73+045 0.001**
Overall acceptability 7.2+0.77 8.8+0.41 0.001**

*Significant at 5 %; NS — Not significant; **Significant at 1%

Colour is one of the major attributes which stimulates
virtually all food appetites. The colour of the Sample
(8.66+0.48) curd was found to be the highest acceptable sample
compared to the control group. The colour attribute of the
control group was found to be 7.06+0.70. The data shows that
Sample was liked very much by the panelists on a 9-point
hedonic scale whereas the control group was moderately
accepted curd by the panelists. Taste is a key aspect in the
acceptance of a food product and is one of the most essential
considerations of organoleptic evaluation [40]. The score
recorded for the developed product is shown in Table. From the
table, it is revealed that the average score for a taste for
developed sample curd was 8.73+0.45. The taste attribute of the
control group was found to be 7.33+0.48. The data shows that
Sample was liked very much by the panelists on a 9-point
hedonic scale whereas the control group was moderately
accepted curd by the panelists.

The texture is a prerequisite for the acceptability of a
variety of foods. The consistency, thickness, fragility,
chewiness, and size and form of food particles are all factors
[40]. The texture attribute of the Sample was found to be
8.53+0.51 which is the highest acceptable sample. The texture
attribute of the control group was found to be 7.4+0.73. The
data shows that Sample was liked very much by the panelists.
The flavour is a sensory phenomenon that is used to describe
odour, taste, and mouthfeel experiences. Flavour is one of the
most important factors in making the food product acceptable
or disliked [40]. The flavor attribute of the Sample was found
to be 8.73x0.45 which was very much liked by all panelists and
gained the highest acceptability. The flavor attribute of the
control group was found to be 7.06+0.96. The interaction of
food with the consumers was related to the food product's
overall acceptability. The overall acceptability rate of the
Sample was 8.8+0.41 which was found to be the most
acceptable curd The overall acceptability of the control group
curd was 7.2+0.77. From the above-mentioned data, the overall
acceptability was found to be highly acceptable than the control

group.

Physical properties of the curd

The physical properties such as pH, total soluble solids,
titratable acidity, viscosity, colour, and textural properties of the
curd sample. The physical properties of the control and sample
curd are given below in (Table 4).

Table 4 Physical properties of curd

Parameters Sample Control
pH 3.2+0.16 4.610.4
Titratable acidity (ml) 1.033+0.02 0.44+0.01
Viscosity (cp) 12.33+0.24 24.67+0.40
Total soluble solids (%) 21.2+0.86 12.5+0.34

pH

pH is an important parameter in the analysis of the
concentration of hydrogen ions present in food products. The
pH obtained for the sample was 3.2+was 0.16 and the for
control 4.6+0.4 respectively when compared with soy milk
yogurt 4.81+0.1 and coconut milk yogurt 4.5+0.1. The pH of
the sample is affected due to the rapid fermentation of the
sample with the production of lactic acid bacteria [13].

Titratable acidity

Titratable acidity is the measure to analyse the total acid
produced in food products. The titratable acidity obtained for
the curd sample was 1.033£0.02 ml. The sample has higher
acidity when compared with coconut milk yogurt and soy milk
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yogurt (0.44+0.01 ml and 0.25+£0.43 ml). Hence, due to the
rapid fermentation and growth of lactic acid bacteria,
the sample showed higher acidity.

Viscosity

The viscosity of the curd has been estimated through a
viscometer and the results of which have been provided in the
table. Viscosity measurements are carried out to examine the
food structure, which is associated with the flow of the fluid. It
can be affected by temperature, particle size distribution, nature
of the particle surface, particle shape, and volume of the
dispersed phase. The viscosity of the sample 12.33+0.24 cp is
lower than the control 24.67+0.40 cp. The sample shows a
decrease in viscosity, which is a thixotropic behavior. This
could be explained by the occurrence of syneresis during the
processing of yogurt.

Total soluble solids

The total soluble solid is the measure to analyze the
quality present in the given. The solid content of the sample
21.2+0.86 % is higher compared to the control 12.5+0.34 %. A
similar study done by Shrishti 2019, found that 14.06+0.30 %
in coconut milk yogurt. Hence, the soluble solids were slightly
higher in chickpea curd which states that the quality of the
chickpea curd is better and safe for consumption.

Table 4A Textural properties of curd

Parameters Sample Control
Firmness 3082.14 141.14+23.90
Adhesiveness 1.470.09 -193.32+17.51
Cohesiveness -155.0116.72 0.81+0.07

Textural properties of the curd
The textural characteristics of curd samples formulated
from chickpea milk are presented in (Table 4A).

Firmness is the most commonly assessed parameter for
yogurt texture analyses it was defined as the necessary force to
attain a given deformation. This factor is a critical texture
property for yogurt-like products. The sample showed firmness
of 141.144+23.90 whereas cow milk yogurt has shown higher
hardness (308+2.14) because incubation time can negatively
affect the textural properties of yogurt.

Adhesiveness or stickiness is the required work for the
prevailing attraction force between foodstuff surfaces and
various substances coming into contact with them.
Adhesiveness is the force required to separate the material that
sticks to the teeth during eating. The sample showed
adhesiveness of -193.32 + 17.51 which is compared to the
control values which is 1.47+0.09. A similar study done by [18]
found mean values for the adhesiveness of soymilk yogurts
varied between -5.89 - -8.59 [5].

Cohesiveness, which is defined as the extent to which a
material can be deformed before its rupture, depends upon the
strength of internal bonds. The sample showed 0.81 + 0.07
which is higher compared to the control -155.01+16.72 because
the protein matrix of chickpea had an essential role in
cohesiveness.

Colour analysis of the curd

The results of the colour analysis revealed that chickpea
curd has lightness coordinates L*of 80.48 + 0.43 compared to
control curd of 73.06 £ 0.50. hence, the higher the L* value the
lighter the sample (Table 4B).

Redness a* the sample curd was -1.93 + 0.08 compared
to the control curd -7.94 £ 0.0.07. The negative values obtained
for the parameter a* indicated a green colouration of the curd.

Yellowness b* the sample chickpea curd has 21.66 +
0.143 compared to the control curd 9.41 £+ 0.07. This is due to
the colour of the yellowish-white colour of chickpeas.

The total colour difference AE is an indication of the
colour difference between the sample 68.51 + 0.45 and the
control 20.32 + 0.47.

Table 4B Colour analysis of the curd

Parameters Sample Control
L* 80.48 £ 0.43 73.06 £ 0.50
A* -1.93+0.08 -7.94 £ 0.0.07
B* 21.66 + 0.143 9.41 +£0.07

Proximate composition of the curd

The proximate composition such as energy, protein, fat,
carbohydrate, dietary fibre, moisture, ash, vitamin C, and
calcium content of the developed chickpea curd was estimated
with the AOAC method (2000). (Table 5) shows the proximate
composition of the curd. The energy content of the control curd
was found to be 86.31+ 0.03 kcals/g comparatively lower than
the sample (chickpea curd) which was 191+ 0.81 kcals/g
because the sample was prepared from chickpea. The
carbohydrate content of the chickpea curd was found to be
12.11 + 1.64g comparatively higher than the control 3.38 +
0.03g. The carbohydrate content of cow’s milk yogurt is 1.70%
and for soy milk yogurt it was 4%. When compared with the
other yogurts chickpea curd has higher carbohydrate content [6]
[29]. The protein content of chickpea curd was found to be 35.1
+ 4.09 g which was comparatively higher than the control curd
was found to be 7.41+ 0.23 g. The higher protein content of the
sample was due to the incorporation of chickpeas [7] [1]. The
fat content of the control curd was found to be 4.81+ 0.07 g
comparatively higher than the sample (chickpea curd) which
was 1.24 + 0.02 g because chickpea is a plant-based product
that is low in fat.

Table 5 Proximate composition of the curd

Parameters Control Sample P-Value
Energy (Kcals) 86.31 £ 0.03 191 +0.81 0.01**
Carbohydrates (g) 3.38+0.03 1211+ 1.64 0.01**
Protein (g) 7.41+0.23 35.1+4.09 0.02*
Fat (g) 4.81+0.07 1.24 +0.02 0.20Ns
Fiber (g) - 5.33+£0.03 0.28Ns
Ash (%w) 0.73+0.07 0.66 £ 0.04 0.02*
Moisture (%w) 83.80+ 0.00 84.3+£0.92 0.00**
Calcium (mg) 281.43+£0.01 49.04 £ 0.81 0.02*
Vitamin C (mg) 4.83+0.01 195.66 + 4.18 0.06NS

* —significant at 5% (p<0.05); ** - significant at 1% (p<0.01); NS — non-significant
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The fiber content of the sample was 5.33 + 0.03g
calculated with mean score and standard deviation, taken in
triplicates. The ash content represents the incombustible
component remaining after a sample of the furnace oil is
completely burned, the ash content of the chickpea curd sample
was 0.66 £ 0.04% which showed slight variation compared with
control curd 0.73 + 0.07%. The moisture content of the
chickpea curd sample was 84.3 £ 0.92% and the control was
83.80 + 0.00%. The moisture content of the yogurt samples is
affected by the changing temperature and longer storage period.
The vitamin C content of the Sample was found to be 195.66 +

4.18mg which was comparatively higher than the control curd
which ranges about 4.83+0.01mg. The calcium content of the
curd prepared from chickpea milk showed a lower amount
when compared with the control. The calcium content present
in the sample curd was 49.04 + 0.81mg and the control was
281.43 £ 0.01mg given in the (Table 5). In a study done by [13],
the calcium present in soy milk yogurt was 180 mg chickpea
milk contains a negligible amount of calcium as it is plant-based
milk, and it is also affected by the type of medium used for the
starter culture to set the yogurt [20].

Table 6 Morphological and biochemical characterization

Spore

Gram staining f ) KOH Catalase Glucose Lactase  Cellobiose  Sucrose
ormation
LB1 Gram positive No spore Negative Negative Positive gas Positive Positive Positive
rod shaped formation production
LB2 Gram positive No Spore Negative Negative Positive gas Positive Positive Positive
rod shaped formation production

In vitro probiotic efficacy
Isolation of lactic acid bacteria from curd

A total of 30 sample lactic acid bacteria were isolated
from chickpea curd. Among them, 2 isolates were selected due
to economic constraints and tested for biochemical
characteristics and were found to be Gram-positive, endospore-
negative, and catalase-negative.

Morphological and biochemical characterization

The present study reports gram-positive rod-shaped
bacteria on MRS agar plates. The growth characteristic was
observed at the temperature range of 15-45°C. The gram-
positive and rod-shaped isolates showed positive for glucose

production, lactose test, sucrose test, and cellobiose test and
they showed negative for the KOH test and catalase test [11].

In vitro characterization of probiotic properties
Tolerance to low pH

Out of the total 30 LAB isolates, 2 isolates survived pH
3.0 upon exposure for 12hours and 24hours hours. The survival
rate of the isolates ranged from LB1 - 85.5% to LB2 - 90.8% at
pH value (3) in 24-hour incubation periods. Probiotic
microorganisms must survive in the GI tract at pH 3 or below,
where food has to pass for 2—3 hours [8]. During the incubatiOn
period of 24 h LB2 showed analogous growth compared to Lb1
(Table 7).

Table 7 Tolerance to low pH

Isolates pH Count CFU/ml Initial (No) Count CFU/ml Initial (N1) 12 hrs Survival rate in % (24 hrs)
LB1 3 235 201 85.5
LB2 3 217 197 90.8
Table 7A Tolerance to bile salts
Isolates Bile salt % Count CFU/ml Initial (No)  Count CFU/ml Initial (N1) Survival rate in % (24 hrs)
LB1 0.3 235 222 94.5
LB2 0.3 217 202 93

Tolerance to bile salts

Bile disrupts lipids and fatty acids of the cell membrane,
which eventually decreases the survival rate of bacteria [32].
All of the 2 LAB isolates (LB1 and LB2) were able to survive
above 90% in the presence of 0.3% of bile salt. Isolate LB1 was
the most tolerant with a 94.5% survival rate followed by isolate
LB2 with a 93% survival rate. The study done by [31] reports
the viability of Lactobacillus at 0.3% bile, with a survival rate
of 83.70% (Table 7A).

Bacterial adhesion to stainless steel plates

The adherence ability of the potential probiotic LAB
isolates was found to range between 90.6% and 94%. Isolate
LB1 showed the highest (90.6%) adherence rate followed by
isolate LB2 with a 94% adherence rate [39] (Table 7B).

Table 7B Bacterial adhesion to stainless steel plates

Water hydrophobicity

Hydrophobicity indicates bacterial adhesion to human
intestinal cells which is a prerequisite for probiotic activity and
considered an important selection criterion for potential
probiotic strains (Soumitra et al. 2020). This hydrophobic
nature of microbes is probably involved in the attachment of
bacteria to epithelial tissue that confers bacterial maintenance
in the human Gl tract [37]. The water hydrophobicity ability of
the potential probiotic LAB isolates was found to range
between 84.59% and 80.83%. Isolate LB1 showed the highest
(84.59%) hydrophobic rate followed by isolate LB2 with an
80.83% hydrophobic rate (Table 7C).

Table 7C Water hydrophobicity

Initial OD Final OD Hydrophobicity %
LB1 0.448 0.069 84.59
LB2 0.433 0.083 80.83

Isolates  COUNt CFU/mI Count CFU/mI Adherence
Initial (No) Initial (Ny1) %
LB1 235 213 90.6
LB2 217 204 94
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Shelf-life study of the curd
Storage studies were carried out for the prepared sample
and quality parameters were evaluated during storage. The



quality parameters of the sample produced were taken after the
preparation and measurement were considered as the quality
parameter on the Oth day. The quality parameters data were
taken at regular intervals of Oth day, 1st day, 3rd day, and 7th
day [38]. Glass storage extends the product's shelf life by up to

7 days. Because glass has a low rate of chemical reactions, the
items within a glass bottle retain their freshness, aroma, and
flavour. The curd prepared from chickpea milk was set in a pre-
sterilized glass container and sealed with a lid. The formulated
curd is then stored at 4°C in a refrigerator [29].

Table 8 Microbial changes during storage

E. coli, yeast and mould count

Sample 0™ day 1% day

3 day 5 day 7™ day

No colonies No colonies

No colonies

No colonies No colonies

Microbial changes during storage of the curd

The total yeast and mould count and E. coli count of the
sample are given in (Table 8). Yeasts are eukaryotic organisms
that are included in a group of organisms called — fungi, which
also include moulds [26]. The absence of coliform yeast and
moulds is an indication of efficient plant hygiene and sanitation
during the storage period.

Sensory evaluation of the chickpea curd during the storage
period

From above (Table 8A), we can conclude that there were
slight changes during the storage period when compared to
before the storage period. During 3rd day, there were no
changes in appearance, colour, taste, texture flavour, and
overall acceptability. During the 5th day, there were slight
changes in the texture as the whey water started to accumulate

on the top. On the 7th day, there were slight changes in the
appearance, texture, and overall acceptability due to the
accumulation of whey water on the top. The result of the shelf-
life analysis of the chickpea curd can be concluded that the
chickpea curd has retained its quality attributes throughout the
shelf-life study.

Cost calculation of the curd

The total cost of the Chickpea curd was made on the
basis of the cost of raw materials and labour costs. The raw
material cost includes chickpeas. Processing cost includes
electricity, labour charges, and miscellaneous cost. The
nutritious and healthy chickpea curd prepared from chickpea
milk costs a minimal charge. The cost of commercial dairy curd
for 100ml was X50. Hence, when compared with the above
study, the cost of 100ml of curd %10 is cost-effective and
inclusive of all variable costs.

Table 8A Sensory evaluation of curd during storage

Attributes 0" day 3 day 5t day 7" day
Control Appearance 7.4 £0.63 7.4 £0.63 7.3+£0.63 7.3+£0.63
Colour 7.06 £0.70 7.06 £0.70 7.05+0.70 7.04£0.70
Taste 7.33+£0.48 7.33+£0.48 7.33+0.48 7.33+£0.48
Texture 7.4+0.73 7.3+0.72 7.2+0.72 7.0+0.68
Flavour 7.1+0.98 7.09 + 0.96 7.09 £0.96 7.06 £0.96
Overall acceptability 7.8+0.79 75%0.77 7.2+0.77 7.1x0.77
Sample Appearance 8.4 £0.50 8.4 £0.50 8.2+0.49 8.1+0.48
Colour 8.66 £ 0.48 8.66 £ 0.48 8.66 £ 0.48 8.66 £ 0.48
Taste 8.73+0.45 8.73+0.45 8.61+0.40 8.60+£0.40
Texture 8.53+0.51 8.50 £ 0.49 8.49 £ 0.45 8.48 £ 0.45
Flavour 8.73+0.45 8.73+0.45 8.7+0.44 8.60+£0.40
Overall acceptability 8.8+0.41 8.8+041 8.7+£0.39 8.6+£0.38

CONCLUSION

The present study of chickpea curd was found to be rich
in energy, protein, fiber, and mineral-like vitamin C. It is also
microbially safe for human consumption. The developed curd
will not only improve nutritional status but also solve several
nutritionally related problems in the community. Because there
is a significant increase in lactose intolerance and gut-related
problems among people. So instead of animal milk products,
plant-based products, especially chickpea curd are an effective
alternative with high nutritional value. The developed chickpea
curd has the highest acceptance score. It was good in all
physical properties like texture and colour attributes like dairy
curd. Invitro probiotic efficacy was done on the developed
chickpea curd which has good probiotic potential and the
developed chickpea curd was also cost-effective when
compared to the commercial curd. Nowadays people are more
focused on health with good lifestyle choices and prefer the best
and most economical products. Hence, the developed chickpea

curd is more nutritionally significant than the commercial curd
available in the market which can be suggested for gut
strengthening, especially for the elderly population and
gastrointestinal disorders too.
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