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Abstract The reduction of saturated fats in baked products has become an important unit oper-

ation in the food industry due to the consumers’ demand for healthy foods low in saturated fat.

In this research, a comprehensive biotechnological technique was explored to enhance the func-

tional, technological, and nutritional characteristics of Urad beans as a fat replacer in biscuits

via the combined treatment of gelatinization and fermentation by Saccharomyces cerevisiae MK-

157. Fat in biscuits was replaced with fermented and gelatinized Urad bean flour (FGUBF) by

S. cerevisiae MK-157 in the following proportions: 10%, 20%, and 30% wt/wt. The peak, final,

breakdown, and setback viscosities of flour blends decreased. Protein, ash, crude fiber, antioxidants

(DPPH, FRAP, ABTS, hydroxyl scavenging), bioactive compounds (total phenol content (TPC) &

total flavonoid content (TFC)), and a-glucosidase inhibition increased, with the level of fat replace-

ment in flour blends and their biscuits. However, FGUBF reduced the ash (4.32%) and fiber

(10.96%) contents compared to the control sample (5.11% and 20.32%, respectively). The TPC

and TFC of flour blends increased from 35.49 to 90.01 mg GAE/100 g and from 20.83 to

60.45 mg CE/100 g, respectively. However, baking decreased the values of TPC compared to flour
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blends, whereas TFC increased, and a similar increase in antioxidant activities was observed for fat-

replaced biscuits. Phytic acid and total saponins were drastically reduced after fermentation by

98.83% and 98.85%, respectively. The microstructure of biscuits showed disoriented arrangements

of protein, starch, fiber, and their complexes with disrupted gluten networks. Fermentation

enhanced the In vitro protein digestibility (74.91 to 89.21%) of samples. Biscuits prepared from

20% FGUBF demonstrated desirable dimensional, textural, and sensory properties compared to

control biscuits. Based on the results of this investigation, FGUBF might be recommended as an

important natural fat substitute with enhanced nutrient bioavailability, antioxidants, and bioactive

compounds for functional foods and nutraceuticals.

� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Daily intake of high quantities of saturated fat has been reported as

one of the significant causes of obesity. It triggers numerous non-

communicable diseases and health problems, including cardiovascular

diseases, cancer, hypertension, high level of low-density lipoprotein

(LDL) cholesterol, and type-II diabetes (Peng and Yao, 2017). Gener-

ally, being overweight and obese are associated with high-income

countries, but in recent times, these problems have been increasing in

low income-countries along with undernutrition (Bhurosy and

Jeewon, 2014). According to the World Health Organization, a bal-

anced diet should not contain more than 30% and 10% of caloric val-

ues from total fat and saturated fat contents, respectively (WHO,

2018). It has been discovered that consuming saturated fats increases

both total and LDL cholesterol levels (Marangoni et al., 2020).

Biscuits are considered one of the most popular bakery items that

are inexpensive, easy to prepare, and have a longer shelf life than other

bakery products (Saeed et al., 2020a; Yalcin et al., 2023). The main

ingredients of biscuits are wheat flour, sugar, and fat which contributes

to a poor nutritional profile. There is a dire need to produce low or

non-fat, reduced-saturated, and trans-free-fat food products due to

the growing impact of nutrition claims on consumers food purchase

intentions. It is a major concern, especially for bakery items where

solid fats like shortenings and butter are frequently used (Saeed

et al., 2020a; Rakshit and Srivastav, 2022). Instead of lowering the

total fat in food products, recent studies have focused more on replac-

ing saturated fats, such as partially hydrogenated oil, because of their

high trans-fat content (Saeed et al., 2020a; Giuffrè et al., 2022). How-

ever, saturated fats cannot be completely replaced with liquid oils or

fat replacers without deteriorating the organoleptic properties of the

final products (Yazar and Rosell, 2022; Giuffrè et al., 2022; Laganà

et al., 2022). Saturated fats have been known to exhibit distinctive

functional characteristics, i.e., loaf volume, crumb softness, taste (but-

tery, rich flavor), and the plasticity of shortenings. Therefore, saturated

fats or shortenings could only be partially replaced with protein or

carbohydrate-based fat replacers (Peng and Yao, 2017).

Legumes are a valuable and inexpensive source of proteins, dietary

fiber, vitamins, minerals, and phytonutrients. Their daily intake is

associated with numerous health advantages, including decreased risk

of cancer, type-II diabetes, and heart diseases (Hughes et al., 2022;

Langyan et al., 2022). Despite the increased growth rate of population,

the per capita consumption of legumes has not increased over the past

three decades (Hughes et al., 2022). Therefore, legume research should

be promoted to produce innovative alternatives for food ingredients

that can increase legume consumption and simultaneously satisfy con-

sumer demand for healthy foods (Saeed et al., 2020a; Yazar and

Rosell, 2022). Urad bean (Vigna mungo), also known as black gram

or black bean, is a member of the Leguminoseae family, high in pro-

teins, minerals, fiber, and phytochemicals. These compounds possess

therapeutic properties, including antioxidant, anti-cancer, anti-

diabetic, and cholesterol-lowering effects (Hughes et al., 2022;

Langyan et al., 2022). The presence of polar compounds in Urad bean
generates lubricity and creaminess, while the non-polar compounds

provide lipid-soluble flavor-carrying capacity. These functional prop-

erties of Urad bean as a fat replacer are comparable to those of fat-

containing bakery products (Saeed et al., 2020a; Yemenicioğlu et al.,

2020).

In our previous research, raw Urad beans flour had been demon-

strated as a fat replacer in biscuits which had successfully replaced

15% of saturated fat due to its functional properties, i.e., aqueous sol-

ubility, swelling power, water binding, and emulsifying capacity (Saeed

et al., 2020a). Legume flours have high nutritional contents and per-

form desirably in heat-treated food products, making them appropri-

ate components for use in baked products (Sparvoli et al., 2021).

However, legume-based snacks face challenges such as the elimination

or reduction of anti-nutritional factors (e.g., enzyme inhibitors, phytic

acid, and tannins), low protein digestibility, long cooking time, and

meeting consumer acceptance in terms of texture, flavor, appearance,

color, and overall product acceptability (Adebo et al., 2022).

Milling legumes into flours can comparatively reduce the cooking

time than the whole legume seeds. However, it is not enough to attain

the demand of consumers for the preparation of high-quality foods

within a minimal cooking time (Romano et al., 2021). Many techno-

logical treatments, including thermal treatments and fermentation,

may overcome the abovementioned disadvantages (Romano et al.,

2021; Adebo et al., 2022; Choe et al., 2022). Before milling, the thermal

treatment of legume seeds is essential for utilizing legumes as func-

tional food ingredients. The moist heat treatment causes the gelatiniza-

tion of legumes starch by absorption of water molecules across the seed

coat (Choe et al., 2022). Also, some of the middle lamellae of the cell

wall are detached from the seeds of the legume as pectin degrades

(Choe et al., 2022). As a result, it can increase the digestibility of

macronutrients, including proteins and starch, in legumes flours

(Romano et al., 2021; Choe et al., 2022). Fermentation of legumes

improves texture, shelf life, taste, aroma, and digestibility and signifi-

cantly reduces anti-nutrients (Adebo et al., 2022).

For the fermentation of foods, such as dairy items, drinks, and

cereal-based products, a wide variety of yeast strains, most notably

Saccharomyces cerevisiae, have been used (Tamang and Lama, 2022).

Commercial probiotics made from the S. cerevisiae strain boulardii

are utilized as food supplements for medicinal purposes (Tamang

and Lama, 2022). The fermentation of dried cocoa beans had also been

tested using various S. cerevisiae strains, including LM and KY794742

(Tamang and Lama, 2022; Chagas Junior et al., 2021). Bakery items

developed by using fermentation techniques can be modified by choos-

ing strains of microbes with particular pro-technological attributes

(Bavaro et al., 2021). Exopolysaccharides (EPS) are produced by a

number of lactic acid bacteria and yeast strains during fermentation,

and they are similar to vegetal polysaccharides used as fat substitutes

(Lynch et al., 2018; Lynch et al., 2021). According to their structure

and mechanism of biosynthesis, the EPS are typically divided into

homo-polysaccharides and hetero-polysaccharides (Bavaro et al.,

2021). They are made up of repetitive units of at least two different

types of monosaccharides and many types of linkages (Bavaro et al.,

http://creativecommons.org/licenses/by-nc-nd/4.0/
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2021). EPS are renowned for their beneficial effects on the rheological

characteristics of dough, texture, sensorial properties, and shelf-life of

the final product (Bavaro et al., 2021).

Generally, only the endosperm of Urad bean is used for food

preparations, and approximately 25% of the legume seeds are elimi-

nated as waste by-products during milling (Girish et al., 2012). Whole

Urad beans with their shells were treated in the present research to pro-

vide these by-products with commercial significance. Additionally, the

outer covering/shells of legumes are regarded as organic wastes and are

not consumed by humans or used in food items despite being a rich

source of several bioactive compounds and antioxidants (Lynch

et al., 2018). The literature revealed that treated (pre-gelatinized) Urad

bean flour fermented by S. cerevisiae had not been previously used as a

fat replacer in baked products. Therefore, the aim of this study was to

investigate the combined effect of pre-gelatinization and fermentation

of Urad bean as a fat replacer on nutrients, anti-nutrient contents,

antioxidants, and bioactive compounds. Moreover, the functional

and technological properties of flour and biscuit samples were analyzed

for the prediction of fat replacement ability in bakery products. Thus,

the utilization of these functional food sources in the biscuit industry

will also improve environmental protection by reducing food waste.

2. Materials and methods

2.1. Collection of raw material

Fresh whole seeds of Urad beans (2 kg), refined wheat flour
and eggs were purchased in July 2022 from the local market
of Karachi, Pakistan. Sugar, salt, soya lecithin, and baking
powder were procured from Allied Chemicals (Karachi, Pak-

istan). Hydrogenated vegetable oil (shortening) was procured
from Dalda oil mills, Karachi and stored at 4 �C in amber glass
sealed jar. All the chemicals were of analytical reagent grade

purchased from Sigma-Aldrich, Germany and Dae-Jung
chemicals, South Korea. The culture media was purchased
from Oxoid, USA.

2.2. Preparation of raw and gelatinized Urad bean flour

Raw Urad bean flour (RUBF) was prepared by pulverizing in
a laboratory mill (3100 Perten Instruments, USA). The equal

particle size of ground flour was achieved by subsequently
passing through a 60 mm sieve. Gelatinization of Urad bean
was performed on pilot plant available at United King Foods

(Karachi, Pakistan). Seeds were gelatinized by the hot water
(100 �C) treatment for 15 min. The gelatinized seeds were then
dehydrated in a forced air oven (05-B1106, Binder, Germany)

at 60 �C for 8 h. The dried gelatinized seeds was further treated
as mentioned for the RUBF. The flour samples were auto-
claved for 20 min at 121 �C and 15 psi. Additionally, gelat-

enized and raw flour samples were kept in airtight glass
containers at 4 �C untile used.

2.3. Microorganism and inoculum preparation

The S. cerevisiae MK-157 strain was selected due to the max-
imum production of enzymes and antioxidant activities of fer-
mented Urad bean flour from our previous research (Ali et al.,

2022). Strain was procured from the culture bank of University
of Karachi, Pakistan. S. cerevisiae MK-157 was revived i.e.,
inoculated on Sabouraud Dextrose Broth (SDB) (Oxoid.

USA) followed by incubation at 30 �C for 72 h. Then inoculum
was centrifuged for 15 min at 6000g. Supernatant was dis-
carded and pallet was wased thrice with saline water and resus-
pend in a mineral salt medium (MSM) (Ali et al., 2022).

Sample was vortexed for 5 min then optical density (OD
600 nm) was determined and maintained at 0.5 OD.

2.4. Fermentation of gelatinized Urad bean flour

Solid state fermentation of 50 g gelatined Urad bean flour
(GUBF) was carried out in perti dish by inoculating 38.8 mL

of prepared inoculum. Substrate moisture was maintained at
80% by using MSM and incubated at 37 �C for 44 h. After
incubation sample was autoclaved and dried for 24 h at

60 �C. Prior to use, samples were pulverised and sieved
through a mesh screen of 60 mm and kept at 4 �C. Similar con-
ditions were applied to the control sample (RUBF) without the
addition of inoculum.

2.5. Preparation of fermented gelatinized Urad bean flour blends

To replace the same amount of fat in biscuit samples, fer-

mented gelatinized Urad bean flour (FGUBF) was mixed with
wheat flour (WF) in varied proportions of 10, 20, and 30% (w/
w). The FGUBF-WF blends were evaluated for proximate

composition, functional & technological properties, anti-
nutrients, antioxidants, and bioactive compounds. Each batch
of fat replacer were prepared in triplicates (i.e., 9 batches were
prepared).

2.6. Biscuit preparation

Fat-replaced biscuits were developed according to the method

of Saeed et al. (2021). Vanaspati ghee/shortening and pow-
dered sugar were blended with the help of a dough mixer (Ken-
wood KVL4100W, UK) for 3 min, followed by the

incorporation of fresh eggs and soya lecithin and mixed further
for 5 min. FGUBF-WF blends, baking powder, and glucose
were mixed into the mixture (of ghee, sugar and eggs) with

the appropriate amount of water (Table 1). The developed
dough was uniformly sheeted (thickness; 0.9 cm), and the bis-
cuits were shaped into a circle (diameter; 3.9 cm) followed by
baking in a preheated oven (Westpoint, WF-2610RK, China)

at 180 �C for 25 min. After baking, biscuits were kept at room
temperature (25 �C) for 10 min and then packed in airtight
glass containers. Biscuits were manufactured in triplicate,

and each batch contained 27 biscuits.

2.7. Functional properties and gluten content of flour blends

Water absorption and oil absorption capacities of RUBF,
GUBF and FGUBF, and FGUBF-WF blends were deter-
mined according to the techniques of Ahn et al. (2005). Flour

sample (1 g) was added to a tube, and 20 mL of distilled
water was added, followed by mixing. Then tubes were cen-
trifuged at 3000g for 10 min. The sediments were weighed
and analyzed for water absoption capacity (WAC) after the

removal of supernatants. For the analysis of oil absorption
capacity (OAC) of flour samples, soybean oil was used in
place of distilled water and was calculated similarly. Wet glu-

ten, dry gluten, and gluten index of flour samples were deter-
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mined by Glutomatic (2200, Pertan Instruments, USA). All
the analyses were performed on a dry weight basis in
triplicates.

2.8. Technological properties of dough and flour blends

The technology properties of sample are as follows:

2.8.1. Dough rheological behavior

According to the AACC Method 54-21 (2000), Brabender�
Frainograph (OHG, Duisburg, Germany) was utilized to mea-
sure the impact of incorporating different levels of FGUBF to
WF on dough rheology in the mixing process. In accordance

with the experimental method, Farinograph water absorption
(WA), dough development time (DDT), dough stability
(DS), degree of softening (DoS), and farinograph quality num-

ber (FQN) were determined.

2.8.2. Pasting behavior of flour blends

The Brabender� Micro-Visco-Amylograph (OHG Duisburg,

Germany) was used to measure the pasting characteristics of
flour blends under various temperature and time conditions
in accordance with AACC Method 22-10 (2000). The gela-

tinization time (GT) and pasting temperature (PT) were ana-
lyzed. In addition, peak (PV), final (FV), breakdown (BDV),
and setback (SBV) viscosities were measured in Brabender

Units (BUs).

2.9. Proximate composition of flour blends and biscuits

Proximate composition parameters i.e., moisture content

(Method 44-40), protein (Method 08-01), ash (Method 46-
10), crude fiber (Method 32-10), and fat content (Method 30-
25) of RUBF, GUBF, FGUBF, and FGUBF-WF premix were

assayed by using standard AACC Method (2000). Carbohy-
drate content was determined by subtracting 100 from the
obtained values of moisture, protein, ash, crude fiber, and

fat. The same methodology for moisture, protein, lipid, crude
fibre, ash and carbohydrate were used in proximate analysis
for biscuit samples (AACC, 2000). Moreover, caloric values

were estimated by the Atwater general factor system: 4 kcal/
g for carbohydrates and protein and 9 kcal/g for Lipids. All
the analyses were performed on a dry weight basis in
triplicates.

2.10. Antioxidant activities of flour blends and biscuits

Antioxidants activities of flour and biscuits samples were esti-

mated by extracting the samples in 80% acetone. Variable con-
centration of extracts were prepared i.e. 10–500 mg/mL.
Furthermore, samples were sonicated for 10 min and then vor-

texed for 35 min. The final extracts were centrifuged at 3500g
at 10 min and supernenatant was utilized for analysis (Saeed
et al., 2021).

2.10.1. Radical scavenging activity

The methodology of Fan et al. (2012) was utilized for 2,2-
Diphenyl-1-Picrylhydrazyl (DPPH) assay. DPPH solution

was prepared by mixing 33.9 mg of DPPH in 100 mL metha-
nol. Sample extract and DPPH solution were mixed in equal
amount (1 mL) and kept in dark for 30 min. Absorbance
was measured through Spectrophotometer (Cary 60 UV–Vis,
Agilent Technologies, Malaysia) at 517 nm. The % scavenging

activity was calculated from the following formula:

Scavenging activity % ¼ Absorbance of control�Absorbance of sample

Absorbance of control

� 100

ð1Þ

Linear regression analysis was used to assess the IC50 values
(mg/mL) of flour blends.
2.10.2. Ferric/Ferricyanide (Fe3+) Reducing Antioxidant
Power (FRAP)

The standard method of Gawlik et al. (2016) for FRAP assay

was used for the flour samples. Perl’s pursian blue color was
prepared in reaction mixtures of solutions. Resulting intensity
of color was measured at 700 nm. Increased absorbance read-

ings suggest more FRAP as the intensity of produced color
increases. FRAP % was determined as follows:

FRAP % ¼ Absorbance of sample�Absorbance of blank

Absorbance of sample

� 100

ð2Þ
2.10.3. 2,2-Azinobis-3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) radical scavenging activity

ABTS scavenging activity of flour blends was determined

according to the method of Kong et al. (2015). After mixing
100 mL of extract of a sample with 5000 mL of ABTS working
solution, the mixture was stored in a dark place for 10 min.

The absorbance of the resulting reaction was measured at
734 nm. The % ABTS radical scavenging activity was deter-
mined as follows:

Scavenging activity % ¼ Absorbance of control�Absorbance of sample

Absorbance of control

� 100

ð3Þ
2.10.4. Hydroxyl radical scavenging activity (HRSA)

According to the method of De Avellar et al. (2004), hydroxyl
free radical scavenging activity was determined. Extract of

samples (0.2 mL), phosphate buffer (1 mL, pH; 7.4), 5 mM/
L phenanthroline (0.2 mL), 7.5 mM/L FeSO4 (0.2 mL),
0.05% H2O2 (0.2 mL), and distilled water (3.2 mL) were added

in a tube. Then tubes were incubated for 30 min at 37 �C, and
absorbance was measured at 536 nm.

Hyroxyl Scavenging activity %

¼ Absorbance of test sample

Absorbance of blank
� 100 ð4Þ

where absorbance of test is the absorbance of the solution con-
taining FeSO4, H2O2, test compound (extract of samples) with

anticipated hydrogen peroxide scavenging activity, and 1,10-
phenanthroline. While, Absorbance of blank is the absorbance
of the solution containing only FeSO4 and 1,10-
phenanthroline.



Table 1 Composition of control and fat-replaced biscuits.

Ingredients (g/100 g) Control 10% FGUBF 20% FGUBF 30% FGUBF

All-purpose wheat flour (g) 100 100 100 100

Fat/Shortening (g) 40 36 32 28

Icing Sugar(g) 40 40 40 40

Baking powder (g) 2 2 2 2

Egg (g) 13.4 13.4 13.4 13.4

Soya lecithin (g) 0.25 0.25 0.25 0.25

Salt (g) 1 1 1 1

Glucose (g) 0.5 0.5 0.5 0.5

Water (mL) 20 ± 5 20 ± 5 20 ± 5 20 ± 5

Fermented and Gelatinized Urad Bean Flour (FGUBF) (g) – 4 8 12
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2.11. Bioactive compounds of flour blends and biscuits

The bioactive compounds of flour blends were determined as
follows:

2.11.1. Total phenolic content

Total phenolic content was analysed by the method of Salar
and Purewal (2017). The absorbance of the reaction mixture
was measured at 765 nm in comparison to a blank sample.

The results were expressed as milligrammes of gallic acid
equivalent per 100 Gram (mg GAE/100 g) of the extract on
a dry weight basis using the standard calibration curve.

2.11.2. Total flavonoid content

Total flavonoid content (TFC) of flour samples was estimated
by the method of Dewanto et al. (2002). The absorbance of
reaction mixtures was measured at 510 nm. On a dry weight

basis, the extract was quantified in mg of Catechin equivalent
per 100 g (mg CE/100 g).

2.12. Antinutrient content and In-vitro a-Glucosidase inhibition
of flour blends and biscuits

Total saponins in samples were estimated as described by Lai

et al. (2013) with minor modifications adapted by De Pasquale
et al. (2021). Briefly, 10 mL of petroleum ether and 0.5 g of
sample were mixed by shaking for 4 h. The residues were then

extracted with 80% (v/v) aqueous methanol with continuous
shaking for 4 h. The resulting extract was stored at 4 �C in
the dark until further use. The spectrophotometric method
was used to determine the total saponin content (TSC) (Lai

et al., 2013). Results are presented as dry weight basis. Phytic
acid was quantified via Haug and Lantzsch (1983) colorimetric
technique. At room temperature, samples of flour blends sam-

ple were extracted with 0.2 M HCl. Stoppered test tubes con-
taining 1 mL of iron (III) solution and 0.5 mL of the extracts
were heated in a boiling water bath for 30 min. The tubes were

then cooled for 15 min. After that, 2 mL of the 2,2-bipyridine
solution was added, and the mixture was thoroughly mixed.
After incubation for 30 min, absorbance was measured at

519 nm. Sodium salt of phytic acid was used as the reference
standard to obtain the standard curve, and the results were
expressed as milligrams of phytic acid/100 g of dry sample
(mg PA/100 g).
The inhibition of enzyme was estimated by the slightly
modified method of Kim et al. (2005). In a test tube, 50 lL
of extract of the sample (60–185 mg/mL) was prepared in

the phosphate buffer (50 mM, pH 7.0). Then substrate 4-
nitrophenyl a-D-glucopyranoside 50 lL of (5 mM), and
100 lL of the enzymatic solution (0.1 U/mL) were added

and incubated at 37 �C for 10 min. Reaction mixture was
stopped by adding 1 mL of Na2CO3 (1 M). A control assay
was performed using distilled water instead of the sample.
The absorbance of the sample was recorded at 405 nm. The

inhibition of the a-glucosidase was calculated from the follow-
ing formula:

a�Glucosidase Inhibition %

¼ Absorbance of control�Absorbance of sample

Absorbance of control

� 100 ð4Þ
2.13. Physical properties of fat-replaced biscuits

The physical characteristics i.e. dimensional, textural and color
of biscuits samples were determined as follows:

2.13.1. Dimensional analysis

The vernier calliper was used to measure the biscuits dimen-

sions i.e. diameter (mm) and thickness (mm). The spread ratio
of biscuits was determined by dividing the values of diameter
and thickness (Saeed et al., 2021).

2.13.2. Textural analysis

The breaking force (Hardness) of biscuits was measured by
texture analyzer (UTM, Zwick/Roell, Germany) functioning

at a three points bend rig style i.e., trigger force, distance,
pre-test speed, test speed, post-test speed and load cell: 50 N,
10 mm, 1.0 mm/s, 5.0 mm/s10.0 mm/s and 5 kg respectively
(Saeed et al., 2021).

2.13.3. Color analysis

The color values was measured by a portable colorimeter
(NH300, China) (Saeed et al., 2021). The colorimeter was set

on different locations (thrice) of each biscuit surface and aver-
age values were determined. The a* and b* values, which rep-
resent the chromaticity values, showed (+) redness/greenness
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and (+) yellowness/blueness, respectively. While the L* value
indicated lightness and was interpreted as 100 for pure white
and 0 for black (Choe et al., 2022).

2.14. In vitro protein digestibility of biscuits

In-vitro protein digestibility (IVPD) of biscuit samples was

measured according to Almeida et al.’s method (2015). Nitro-
gen (N) contents of the samples and undigested residues were
determined using the Kjeldahl method (AACC, 2000). IVPD

was calculated according to the following formula:

IVPD % ¼ N content of sample�N content of undigested residue

N content of sample

� 100 ð5Þ
Table 2 Functional properties of raw Urad bean flour

(RUBF), gelatinized Urad bean flour (GUBF), and fermented

& gelatinized Urad bean flour (FGUBF), and their flour

blends.

Sample Water absorption

capacity %

Oil absorption

capacity %

Wheat flour

(Control)

137.32 ± 2.01a 103.11 ± 2.02c

10% FGUBF 146.57 ± 2.11b 106.69 ± 2.06d

20% FGUBF 155.82 ± 2.14c 110.50 ± 2.09f

30% FGUBF 165.07 ± 2.17d 114.20 ± 2.10 g

RUBF 256.34 ± 2.19f 107.73 ± 2.04e

GUBF 267.13 ± 2.22 g 101.20 ± 2.00b

FGUBF 231.32 ± 2.21e 92.42 ± 1.01a

Each value is presented as the mean ± standard deviation (n = 3);

the Significant difference (P � 0.05) between the means is indicated

by different letters with in the same column. The significance level is

calculated by Duncan method. The values were computed using dry

weight.
2.15. Microstructure of fat-replaced biscuits

Micrographs of the biscuit samples were captured at a magni-
fication of 500� by using Scanning Electron Microscope (SM-

6380 A, JEOL USA) (Saeed et al., 2021).

2.16. Sensory evaluation of fat-replace biscuits

The biscuit samples were judged by 95 semi-trained panellists

(non-smokers male and female ranging in age from 22 to 55)
from the University of Karachi (Pakistan). The sensory train-
ing was delivered to train the participants using the sensory

profiling techniques for the conventional biscuits and proto-
types (Heymann and Lawless, 2013). The aesthetic charater-
stics of biscuits i.e., appearance, color, taste, texture, and

overall acceptability were assessed by the semi-trained panel-
lists using a 9-point hedonic scale (ranging from 9-like extre-
mely to 1-dislike extremely). The biscuit samples were
examined within 24 h after baking under daylight in portable

cabins placed within the sensory laboratory. Biscuit samples
were kept at room temperature (25 �C) for the analysis. During
the analysis, water was provided to the judges so they could

rinse their mouths. However, to test the accuracy of the find-
ings, the control biscuit was served twice, simultaneously with
the other biscuit samples.

2.17. Statistical analysis

All the anaylysis were performed in triplicates. The data were

examined for Analysis of Variance (ANOVA) by using the Sta-
tistical Package for the Social Sciences (SPSS) software (Ver-
sion 17.0. Inc., Chicago, USA). The Duncan’s multiple range
tests were performed to identify any significant differences

(P � 0.05) between the treatments. Correlation analysis was
carried out by using OriginPro 2022 software (Version 9.90,
USA) to determine the relationships between antioxidant

activities (DPPH, FRAP, ABTS, and HRSA), bioactive sub-
stances (TPC and TFC), and enzymatic inhibition (Version
9.90, USA). Correlation graphs, also known as Correlograms,

were designed to illustrate the results. The values of proximate
composition, pasting, rheological, functional,anti-nutritional,
a-glucosidase inhibition, and bioactive compounds of flour

samples were compared using principal component analysis
(PCA). The data of biscuit samples (anti-nutritional factors,
antidiabetic potential, bioactive compounds, color values,
dimensional, textural, nutritional, In Vitro protein digestibility,
and sensory properties) were also subjected to PCA analysis
using XLSTAT (Addinsoft, 2020; Version 2019.2.1, Paris,

France).

3. Results and discussion

3.1. Functional properties and gluten content of flour blends

Table 2 shows the impact of gelatinization and gelatinization
in combination with fermentation on the functional character-
istics of RUBF. WAC and OAC of flour are essential func-

tional properties that directly influence the application of
flour on food products, especially bakery items Saeed et al.
(2020). WAC of FGUBF-WF blends significantly (P < 0.05)

increased with the increased concentration of FGUBF in the
flour blends. The highest increase in WAC was observed for
FGUBF 30% (206.71%), while the lowest increase was
observed for 10% FGUBF (160.45%). The amount of water

absorbed by WF was directly affected by the addition of
FGUBF. The high fiber, protein, and carbohydrate contents
of FGUBF-WF blends may be the reason for their higher

WAC (Table 2) (Saeed et al., 2020a). Complex carbohydrates,
fibers, and proteins from plants have demonstrated their suc-
cess as effective fat replacers due to their ability to bind water

and produce pastes that can mimic the texture and mobility of
fats in food systems by providing lubrication, flow properties,
and viscosity similar to fat (Patel et al., 2020). The two most

desirable properties of bakery fat required for the development
of different types of dough recipes are lubrication and mois-
ture retention (Patel et al., 2020). The increased WAC of
FGUBF-WF blends depicted their manifestation of these attri-

butes of bakery fat (Rozan et al., 2022). In addition, the pre-
treatment of gelatinization significantly enhanced (P < 0.05)
the WAC (267.13%) compared to RUBF (256.34%). Similar

observation of increased water absorption was reported by
Choe et al. (2022) for gelatinized common bean flour.

There are a number of potential reasons for the increased

WAC after the boiling of legume seeds during gelatinization.
The first reason could be the structural alteration of legume



Table 3 Gluten content of fermented & gelatinized Urad bean flour (FGUBF), and their flour blends.

Sample Dry gluten % Wet gluten % Gluten index%

Wheat flour (Control) 8.89 ± 0.14d 26.03 ± 0.12d 94.10 ± 1.30d

10% FGUBF 8.76 ± 0.16c 24.30 ± 0.15c 91.32 ± 1.24c

20% FGUBF 7.88 ± 0.18b 23.11 ± 0.17b 86.43 ± 1.10b

30% FGUBF 7.41 ± 0.19a 21.80 ± 0.19a 77.59 ± 1.07a

RUBF – – –

GUBF – – –

FGUBF – – –

Each value is presented as the mean ± standard deviation (n = 3); the Significant difference (P � 0.05) between the means is indicated by

different letters with in the same column. The significance level is calculated by Duncan method. The values were computed using dry weight.
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seeds (Choe et al., 2022). In addition, the gap between cotyle-
don cells expands after boiling, which may indicate the break-

down of the middle lamella. In turn, this can lead to more fluid
retention and water permeability (Adebo et al., 2022; Choe
et al., 2022). The second potential explanation is the gelatiniza-

tion of starch and fiber swelling during heating which results in
the loss of crystalline order with increased exposure of hydro-
xyl group surfaces that may interact with water molecules

(Choe et al., 2022). The increase in hydrophilic amino acid resi-
dues caused by protein denaturation during thermal processing
could be another possible reason for the increased WAC of
GUBF (Choe et al., 2022). However, fermentation of pre-

gelatinized legume flour decreased the WAC (231.32%). The
development of soluble substances such as sugars and dextrin
as a result of macromolecular breakdown during fermentation

decreased the total water holding potential (Igbabul et al.,
2012). The aforementioned tendency (i.e., reduced WAC)
resulted in the intermolecular crosslinking inside the amor-

phous region of the starch granules due to the higher propor-
tion of low molecular weight sugar fragments (Igbabul et al.,
2012). Similar observation of decrease in WAC was depicted
by Sharma and Sharma (2022) for fermented foxtail millet

flour.
RUBF displayed increased OAC compared to GUBF

(Table 2). Greater OAC of RUBF was responsible due to

the dry heat treatment (i.e., sterilization) of legume flour that
denatures protein molecules without moisture and exposes
more hydrophobic regions on the surface (Stone et al., 2021).

The electrostatic force and hydrogen bandings play a major
role in the interaction between lipids and proteins. The ability
of proteins to bind water and oil depends on internal elements,

including amino acid content, protein structure, and surface
polarity or hydrophobicity (Choe et al., 2022). The combined
treatments of fermentation and gelatinization promoted a
slight reduction in OAC (92.42%) and suggested that the

reduction could be due to the higher amount of polar groups
at the protein surface in contact with the neighbouring mole-
cules of oil (Igbabul, et al., 2014). Igbabul et al. (2014) reported

comparable findings of decreased OAC for fermented maho-
gany bean flour. However, the addition of FGUBF to WF
enhanced the OAC of flour blends. The highest OAC was

observed for 30% FGUBF (130.86%) and the lowest for
10% FGUBF (112.35%). Fat absorption is preferred in baked
foods because it helps develop and retain flavor profile and

prolongs the shelf life (Saeed et al., 2020a). Consistent observa-
tions of increased WAC and OAC of different levels of black
gram flour incorporated in wheat flour as fat mimetic were
depicted by Saeed et al. (2020a).
The values of gluten content of flour belnds are reported in
Table 3. As the concentration of FGUBF in WF increased, the

gluten content of flour blends decreased. The observed trend
was expected due to the fact that Urad bean lacks gliadins
and glutenins and may dilute the gluten network (Saeed

et al., 2020a). Highest decrease in gluten index was observed
for FGUBF 30% (77.59%), and the lowest decrease for
FGUBF 10% (91.32%).

3.2. Dough rheological characteristics

The effect of FGUBF-WF blends on dough mixing properties
is presented in Table 4. There was a consistent increase in

DDT (1.57–4.72 min) and farinograph WA (57.90–65.91%)
with the addition of FGUBF in WF dough (Table 3). Increased
farinograph WA was due to the presence of hydrophilic com-

pounds (proteins, carbohydrates, dietary fibers, and polyphe-
nolics) in FGUBF that promoted the water-binding capacity
of dough (Saeed et al., 2020a). These hydrophilic components

have more hydroxyl groups, which accelerates the reaction of
OH groups with water molecules (Mironeasa et al., 2019).
The DDT and DS are the indicators of flour strength; a decline

in these values correlates with the weakening of dough
(Mironeasa et al., 2019). The significant increase (P < 0.05)
in water absorption may be the reason for the rise in DDT of
dough samples prepared from FGUBF-WF blends, which pro-

motes the association among hydrophobic biopolymers and
allows minimal possibilities for gluten protein development.
Thus weakens the gluten network and increases the time

required to optimize dough formation by incorporating
FGUBF in WF (Mironeasa et al., 2019). The stability of the
control (WF) dough was found to be higher than the dough

samples of flour blends. The RUBF does not contain gluten
protein, and other proteins do not perform the same function
as demonstrated by gluten. Therefore, it has been suggested
that the incorporation of FGUBF components in WF dough

produced weak and unstable gluten network.
The farinograph DoS was significantly (P � 0.05) affected

by the concentration of FGUBF incorporated in WF. The

DoS is associated with a weak gluten network and poor dough
strength (Saeed et al., 2020a). The increased values of DoS of
dough samples prepared from fermented flour were due to the

decreased gluten content and disrupted gluten network
(Bakare et al., 2014). Disruption of gluten network was also
confirmed by microstructural images of biscuit samples

(Fig. 1). Additionally, Urad bean is abundant in phenolic com-
pounds with significant antioxidant activity. The weakening
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impact on FGUBF-WF dough may be attributed to the
increased quantities of phenolic compounds prevalent in
FGUBF (Table 4) (Saeed et al., 2020a). Thus, it is possible

to accept the changes in dough behavior based on the varia-
tions in farinograph WA, DDT, DST, and DoS because com-
parable findings were reported by Bakare et al. (2014) when

different levels of fermented breadfruit flour were incorporated
in WF dough.

3.3. Pasting profile of flour blends

The textural and sensorial characteristics or mouth feel of
baked products are directly influenced by the viscometric prop-

erties of flour. The incorporation of FGUBF as a fat replacer in
flour blends significantly (P � 0.05) altered the pasting beha-
viour of WF (Table 4). The pasting temperature of FGUBF-
WF blends increased significantly (P < 0.05). The higher past-

ing temperature of flour blends than WF is ideal for recipes of
food that needs to be thickened or require high gel strength (Xu
et al., 2019). The rise in pasting temperatures was due to the

increased amount of non-starchy compounds in flour blends,
i.e., fiber, protein, etc. (Xu et al., 2019). These substances com-
peted with starch for water and reduced water availability, ulti-

mately increasing the values of pasting temperature (Xu et al.,
2019). The peak viscosity of flour blends decreased significantly
(P< 0.05) from 1234.15 to 1202.25 BU. The reduction in peak
viscosity with the increased level of FGUBF in WF was due to

the fact that FGUBF had higher WAC than WF, which ulti-
mately resulted in the formation of a weak gluten network
(Table 2) (Saeed et al., 2021). In addition, increased levels of

protein and fiber contents in flour blends attracted the water
molecules and hindered the swelling of starch granules of wheat
and legume flours (Saeed et al., 2021). Another reason for

decreasing trend of peak viscosity could be the less availability
of intact starch granules because of the combined effect of fer-
mentation and gelatinization results in the starch hydrolysis by

microbial enzymes and heating in the presence of water, respec-
tively (De Pasquale et al., 2020).

Similarly, with the increased concentration of FGUBF in
flour blends, breakdown and setback viscosities decreased

from 352.17 to 327.49 BU and 453.21 to 424.17 BU, respec-
tively. The breakdown viscosity is correlated to the sustainabil-
ity of starch granules at high temperature and shear stress (Xu

et al., 2019). The decreasing trend in breakdown viscosity
depicted the tendency of flour blends for greater shearing resis-
tance and good paste stability (Stone et al., 2021). The lower

values of setback viscosity indicated a lesser degree of retrogra-
dation of starch components, more specifically, amylose con-
tent (Saeed et al., 2021). The reduced retrogradation could
be attributed to the presence of phenolic components in flour

blends (Table 6a), which may interact with the AOH groups
of the amylose chain and prevent amylose molecules from
arranging themselves together (Saeed et al., 2021). Moreover,

results predicted that the incorporation of FGUBF in food
products could significantly (P < 0.05) reduce the retrograda-
tion, thereby inhibiting the phenomena of staling and increas-

ing the shelf life (Saeed et al., 2021). Similar observations
regarding the pasting profile were reported by Azeez et al.
(2022) and Kim et al. (2021) for fermented brown finger millet

flour and fermented lettuce incorporated in rice flour,
respectively.



Fig. 1 Appearance and scanning electron micrographs (at 500� magnification) of fat-replaced biscuits: (a, b); control (full fat biscuits),

(c, d); FGUBF 10%, (e, f); FGUBF 20%, and (g, h); FGUBF 30%, respectively. Where, FGUBF; fermented and gelatinized Urad bean

flour.
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3.4. Proximate composition of flour blends and fat-replaced
biscuits

The chemical composition of RUBF, GUBF, FGUBF, and
FGUBF-WF blends is presented in Table 5. The moisture con-

tent of GUBF significantly increased (P < 0.05) after pre-
gelatinization. A significant increase was also observed in the
combined effect of fermentation and gelatinization. In con-
trast, crude fiber, ash, and fat contents significantly decreased

(P < 0.05) after fermentation. The gelatinization process
slightly reduced the protein content (19.89%) by 22.09% com-
pared to RUBF (25.53%). This decrease was because of pro-

tein’s polar nature, facilitating protein solubilization in an
aqueous medium during the gelatinization (Heymann and
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Lawless, 2013). However, the fermentation of pre-gelatinized
legume flour increased the protein content (23.60%) by
18.65%. This increase in protein content occurred due to the

fermentation by S. cerevisiae which causes changes in nutrition
levels by producing several enzymes and other metabolites
(Munishamanna et al., 2017).

Moreover, yeast itself is the source of numerous nutrients
(Munishamanna et al., 2017). The leading causes of the rise
in crude protein content during fermentation are the increase

in microbial nitrogen, the ability of microorganisms to enzy-
matically destroy cell walls, and the creation of single-celled
proteins by microbes (Heymann and Lawless, 2013). Similar
observations of increases in moisture and protein contents

and decreases in crude fiber and ash contents were reported
by Rozan et al. (2022) for fermented avocado kernel flour.
According to Igbabul et al. (2012), the reduction in crude fiber

after fermentation may be caused by the conversion of some of
the crude fiber and lignocellulosic components into protein by
microbial fermentation. Another reason could be the enzy-

matic degradation of fibers by the microorganism after fermen-
tation (Igbabul et al., 2012). Furthermore, minerals are utilized
to some extent by microorganisms during their process of

metabolism (Igbabul et al., 2012), which correlated with the
lower value of ash content for FGUBF (4.32%) compared to
unfermented samples, i.e., RUBF (5.11%) and GUBF
(4.71%). In addition, the treatment of gelatinization also

reduces the ash content due to the leaching of mineral content
in water (De Pasquale et al., 2020). However, moisture, pro-
tein, fat, crude fiber, and ash contents increased in the flour

blends as the level of incorporation of FGUBF increased in
WF. As the concentration of FGUBF in WF increased, the
gluten content of flour blends decreased. The observed trend

was expected due to the fact that Urad bean lacks gliadins
and glutenins and may dilute the gluten network (Saeed
et al., 2020a). Highest decrease in gluten index was observed

for FGUBF 30% (77.59%), and the lowest decrease for
FGUBF 10% (91.32%). In general, fermentation, together
with gelatinization, appeared to have a significant impact on
the proximate composition of RUBF. In general, fermenta-

tion, together with gelatinization, appeared to have a signifi-
cant impact on the proximate composition of RUBF.

The nutrient composition of control and fat-replaced bis-

cuits produced from gelatinized legume flour fermented by S.
cerevisiae is presented in Table 5. The fat-replaced biscuits
depicted higher protein, ash, and fibre contents and lower fat

content than the full-fat containing biscuits. As presented in
Table 5, FGUBF had greater quantities of protein, ash, and
fibre than WF. The same fact could be the possible reason
for the increased concentrations of protein, ash, and fiber con-

tents in fat-replaced biscuits (Table 5). The moisture content of
FGUBF-WF biscuit samples showed no significant difference
(P> 0.05) with the level of fat replacement. However, the con-

tents of carbohydrates and fat significantly declined
(P < 0.05), corresponding to the incorporation level of
FGUBF in biscuits.

Moreover, the changes in the nutritional profile of biscuits
were due to the nutritional contribution of fermentation by S.
cerevisiae in GUBF or, more specifically rise in proteins, ash,

and fibers that occurred in the biomass (Sharma and
Sharma, 2022). Yeast itself is a source of several nutrients that
may be associated with these variations in the nutritional levels
of biscuit samples (Sandez Penidez et al., 2022). S. cerevisiae is
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the strain that is most commonly employed for the bio-
production of different bio-based materials because it has sev-
eral benefits, including the capacity to release extracellular

enzymes, non-pathogenicity, and low cost (Tamang and
Lama, 2022). This is related to the fact that the improvement
in nutrients observed in this study is supported by the S. cere-

visiae capacity to hydrolyze complex carbohydrates into sugars
that are employed as a carbon source in the synthesis of high
protein microbial biomass (Tamang and Lama, 2022). The

high protein content of FGUBF-WF biscuits is important
from a nutritional perspective since Urad bean proteins have
a well-balanced amino acid composition with high levels of
essential amino acids such as arginine and lysine, which are

generally not present in cereal grains (Boye et al., 2010). More-
over, these two amino acids were reported to exhibit anti-
hyperlipidemic activity in animal models (Kaushik et al.,

2016). Furthermore, the reduction in fat content was due to
the obvious reason of fat replacement, which resulted in a
reduction in calories of FGUBF-WF biscuits compared to

the control. Similar observations of a nutritional profile were
reported by Christ- Christ-Ribeiro et al. (2021) for gluten-
free cookies formulated from different ratios of bran fer-

mented by S. cerevisiae.

3.5. Dynamic antioxidant profile of flour blends and fat-replaced
biscuits

The antioxidant activities of compounds rich in antioxidants
have been linked to numerous pathways, including chain reac-
tion inhibition, binding of transition metal ion catalysts, per-

oxide breakdown, reducing capability, and potential to
scavenge free radicals (Kong et al., 2015). A single test is typ-
ically insufficient to accurately evaluate the antioxidant activ-

ity of a putative antioxidant due to the complication of the
oxidation-antioxidation reactions (Kong et al., 2015). There-
fore, the antioxidant potential of FGUBF-WF blends and

fat-replaced biscuit samples were assessed by DDPH, FRAP,
ABTS, and HRSA. The stability of the free radical DPPH
has been widely studied to predict the effectiveness of antioxi-
dants (Azeez et al., 2022). Furthermore, hydroxyl free radical

is known as the most reactive and toxic radical produced in liv-
ing organisms. All types of macromolecules, such as lipids,
proteins, nucleic acids, and carbohydrates, are susceptible to

damage from this free radical (Azeez et al., 2022). At particular
locations, the hydroxyl radicals in the cells can easily pass
through the cell membranes, resulting in tissue damage and cell

death (De Avellar et al., 2004). Therefore, eliminating hydro-
xyl radicals is crucial for the defense of living (De Avellar
et al., 2004).

Antioxidant activities of unfermented flour, gelatinized

flour, FGUBF, FGUBF-WF blends, and fat-replaced biscuits
made from these flour blends are presented in Table 6a. The
thermal treatment of gelatinization decreased the antioxidant

potential compared to raw/untreated flour samples (RUBF).
According to Choe et al. (2022), thermal treatment of gela-
tinization caused a reduction in total phenols due to the fol-

lowing reasons: polymerization chain reaction or
disintegration of structures of the aromatic ring and partial
transfer of soluble phenolic compounds into the processing

water. Similar observations of reduced antioxidant activities
were depicted by De Pasquale et al. (2020) for gelatinized
legume flour. However, the process of fermentation by S. cere-
visiae MK-157 significantly enhanced the antioxidant potential
of gelatinized legume flour. Highest DPPH, ABTS, FRAP,

and Hydroxyl scavenging activities were observed for FGUBF
30% and its biscuit samples which were depicted by their low-
est IC50 values of 106.64 mg/mL, 83.42 mg/mL, 94.87 mg/mL,

and 101.11 mg/mL for flour blends respectively. The biscuit
samples showed IC50 values of 83.14 mg/mL, 51.09 mg/mL,
78.87 mg/mL, and 86.05 mg/mL, respectively for the same

antioxidant activities. While the lowest DPPH, FRAP, ABTS,
and HRSA, i.e. highest IC50 values were observed for control
(WF) (478.21 mg/mL, 327.13 mg/mL, 384.98 mg/mL, and
413.56 mg/mL) and its biscuits (383.12 mg/mL, 267.61 mg/

mL, 258.32 mg/mL and 373.76 mg/mL) respectively.
The results of antioxidants methods reported in Table 6a

suggested that the antioxidants in flour and biscuit samples

prevent the synthesis of different radicals or interact with the
radicals to transform them into less harmful or harmless mole-
cules, thereby terminating the radical chain reaction (Azeez

et al., 2022). In addition, antioxidants have the ability to act
as reducing agents by donating their electors to free radicals,
which eventually hinders the production of peroxides (Lee

et al., 2020). Literature revealed that fermented legume flour
have high antioxidant activities. This may be due to the func-
tional group addition i.e., hydroxyl or amino acid in antioxi-
dant compounds and free phenolic acid production by the

activity of microbial enzyme (Girish et al., 2012). Similar find-
ings of increased antioxidant activities of fermented legume
flour by lactic acid bacteria were reported by De Pasquale

et al. (2020). In addition, the antioxidant activities of
FGUBF-WF and biscuit samples were attributed to their phe-
nolic contents, such as gallic, protocatechuic, gentisic, vanillic,

syringic, caffeic, and ferulic acids, which have more effective
reducing power and radical scavenging activities (Girish
et al., 2012). An increase in the TPC of samples after fermen-

tation was also witnessed in this research and reported in
Table 6a.

The fermentation process is known to produce bioactive
peptides through the proteolytic enzymatic activity of microor-

ganisms (Li and Wang, 2021). The production of bioactive
peptides could be the possible reason of the enhanced antiox-
idant potential of samples (Li and Wang, 2021). Furthermore,

Li and Wang (2021) in their study reported that the Bacillus
subtilis-fermented chickpea peptide showed strong radical
scavenging activities. The data reported in Table 6a revealed

that the synthesis of melanoidins during baking improved
the antioxidant activities of biscuit samples compared to flour
blends (Saeed et al., 2021). Similar observations of an increase
in antioxidant activities of flour blends and biscuit samples

were reported by Saeed et al. (2020a) when different ratios of
black gram flour were incorporated in WF as a fat replacer
in biscuits.

3.6. Total phenol content

Phenolic compounds from plant materials are characterized as

natural antioxidants and thus attract great attention from
researchers (Salar and Purewal, 2017). Numerous studies have
demonstrated that these phenolic compounds have health-

promoting activities, such as the ability to reduce cardiovascu-
lar diseases and prevent other degenerative disorders (Lai,



Table 6a DPPH, ABTS and Hydroxyl radical scavenging activities, FRAP, Total phenolic content (TPC), and Total flavonoid content (TFC) of raw Urda bean flour (RUBF),

gelatinized Urad bean flour (GUBF), fermented & gelatinized Urad bean flour and different levels of FGUBF incorporated in wheat flour and their biscuit samples.

Flour blends Biscuits

Samples DPPH-

Scavenging

activity- IC50

(mg/ml)

FRAP-IC50

(mg/ml)

ABTS-

Scavenging

activity- IC50

(mg/ml)

Hydroxyl

Scavenging

activity- IC50

(mg/ml)

TPC (mg

GAE/100 g

DW)

TFC (mg CE/

100 g DW)

DPPH-

Scavenging

activity- IC50

(mg/ml)

FRAP- IC50

(mg/ml)

ABTS-

Scavenging

activity- IC50

(mg/ml)

Hydroxyl

Scavenging

activity- IC50

(mg/ml)

TPC (mg

GAE/ 100 g

DW)

TFC (mg CE/

100 g DW)

Control 478.21 ± 4.35g 327.13 ± 3.52g 384.98 ± 3.87g 413.56 ± 4.07g 35.49 ± 0.11a 20.83 ± 0.11a 383.12 ± 3.83d 267.61 ± 2.52d 258.32 ± 2.85d 373.76 ± 3.68d 28.73 ± 0.12a 22.41 ± 0.13a

10%

FGUBF

312.40 ± 1.99f 215.95 ± 1.51f 281.53 ± 1.06f 296.32 ± 1.15f 54.29 ± 0.18b 36.13 ± 0.78b 287.40 ± 1.29c 95.49 ± 0.78c 119.11 ± 0.74c 132.86 ± 1.36c 49.60 ± 0.18b 45.73 ± 0.42b

20%

FGUBF

185.82 ± 1.21e 117.14 ± 0.51e 157.32 ± 0.82e 173.42 ± 1.09e 73.10 ± 1.31c 51.42 ± 1.02c 110.62 ± 0.81b 72.64 ± 0.53b 94.55 ± 0.55b 101.31 ± 0.74b 68.53 ± 1.17c 67.91 ± 1.81c

30%

FGUBF

106.64 ± 1.01d 83.42 ± 0.35d 94.87 ± 0.68d 101.11 ± 0.28d 92.01 ± 1.42d 65.45 ± 1.12d 83.14 ± 0.70a 51.09 ± 0.19a 78.87 ± 0.13a 86.05 ± 0.63a 89.13 ± 1.72d 88.74 ± 1.01d

RUBF 59.84 ± 0.92b 23.81 ± 0.13b 26.35 ± 0.12b 32.34 ± 0.19b 463.32 ± 2.55e 375.41 ± 2.63f – – – – – –

GUBF 63.82 ± 0.98C 27.21 ± 0.15c 29.73 ± 0.14c 38.10 ± 0.22c 451.50 ± 2.46 363.50 ± 2.50e – – – – – –

FGUBF 56.14 ± 0.12a 19.92 ± 0.11a 24.30 ± 0.10a 28.76 ± 0.14a 470.18 ± 2.82f 382.42 ± 2.74 g – – – – – –

Each value is presented as the mean ± standard deviation (n = 3); the significant difference (P � 0.05) between the means is indicated by different letters with in the same column. The values were

computed using dry weight (DW). Control represents wheat flour and its biscuits without fat replacement, DPPH; 2, 2-diphenyl-1-picrylhydrazyl, ABTS; 2,20-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid), FRAP; Ferric/Ferricyanide (Fe3+) reducing antioxidant power, GAE; Gallic acid equivalent, CE; Catechin equivalent.
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et al., 2013; Salar and Purewal, 2017). Similar to the observa-
tions of antioxidant activities, decrease in TPC was observed
for GUBF (451.50 mg GAE/100 g DW) compared to RUBF

(463.32 mg GAE/100 g DW) due to the same reasons as afore-
mentioned for the thermal treatment of gelatinization (Adebo
et al., 2022). De Pasquale et al. (2020) also reported a decrease

in TPC for gelatinized legume flour. However, fermentation
resulted in an 8.46% increase in the TPC of FGUBF
(470.18 mg GAE/100 g DW). The rise in the concentration

of TPC in legume flour after fermentation was consistent with
the findings of Christ-Ribeiro et al. (2021) for the solid state
fermentation of rice bran by S. cerevisiae.

Previous studies have discovered that the majority of phe-

nolic compounds are covalently bound to the components of
the cell-wall structure, such as hemicellulose, cellulose, pectin,
structural proteins, arabinoxylans, and lignin, whereas only a

litter amount of phenolic compounds exist in plant materials
as simple and free-soluble esters (Acosta-Estrada et al.,
2014). Solid state fermentation, a sophisticated and superior

biochemical procedure, enables microorganisms to secrete
large amounts of hydrolytic enzymes (cellulases, pectinases,
proteases, etc.). These hydrolytic enzymes hydrolyse the cova-

lent bonds such as ether, ester, or glycosidic bonds between
cell-wall structure components and insoluble bound phenolics,
which ultimately resulted in enhanced extractability of pheno-
lic compounds (Adebo et al., 2022).

Furthermore, the enzymatic potential of the strain S. cere-
visiae MK-157 had been previously stated to produce cellulase,
xylanase (Shariq and Sohail, 2019) and pectinase (Qadir et al.,

2020). The values of TPC increased with the increased propor-
tion of FGUBF in the flour blends and biscuit samples. How-
ever, a significant decrease (P < 0.05) in TPC was observed

during baking. The highest destruction of TPC was observed
in biscuits without fat replacement control, which showed an
18.95% loss after baking. The lowest TPC loss was observed

in biscuit samples formulated with 30% FGUBF, which
showed a 3.13% loss after baking. Regardless of the reduction
in TPC during baking, FGUBF biscuits (10%, 20%, and 30%)
displayed the maximum values of TPC in contrast to the con-

trol biscuits. Moreover, the formation of melanoidins during
baking was insufficient to compensate the decrease in TPC
(Saeed et al., 2020a; Sandez Penidez et al., 2022). In addition,

the decrease in TPC in biscuit samples was due to the thermal
decomposition of polyphenols and the removal of the carboxyl
group from phenolic acids during thermal processing. A simi-

lar decrease in TPC upon baking was depicted by Sandez
Penidez et al. (2022) for biscuit samples made from quinoa fer-
mented by lactic acid bacteria.

3.7. Total flavonoid content

Flavonoids have been suggested as therapeutic agents (because
of their potent scavenging and chelating properties) to prevent

a wide range of diseases, including cardiovascular and neuro-
logical disorders (Barber et al., 2021). The results shown in
Table 6a depicted that the FGUBF-WF blends and their fat-

replaced biscuits have higher TFC due to the higher concentra-
tion of flavonoids in FGUBF. Similarly, the fat-replaced bis-
cuits made from FGUBF-WF blends depicted the highest

values (45.73–88.74 mg CE/100 g DW) of TFC, whereas con-
trol biscuits showed the lowest value (22.41 mg CE/100 g DW).
Furthermore, previous works discovered that the Urad bean is
a good source of flavonoid-containing substances such as epi-
catechin, catechin, rutin, quercetin, kaempferol, vitexin, and

isovitexin (Lynch et al., 2018). The existence of these flavo-
noids in Urad bean may have contributed to the increase in
TFC of FGUBF-WF blends and the resultant biscuits. How-

ever, fermentation of GUBF had significantly (P < 0.05)
increased the TFC from 363.50 to 382.42 mg CE/100 g DW.

The release of bound flavonoid components during fermen-

tation may be due to the increase in acid value, which made
them more accessible and contributed to the increase in flavo-
noid content (Adebo et al., 2022). In addition, compared to
FGUBF-WF blends, TFC significantly (P � 0.05) increased

during baking. The highest rise in TFC was observed in biscuit
samples prepared from 30% FGUBF, which exhibited a
35.58% increase in TFC during baking, while the minimum

rise was observed for FGUBF 10%, which depicted a
26.57% increase. The brown-colored pigments, or melanoi-
dins, which are by-products of the Maillard reaction, typically

emerge during the baking of biscuits. These pigments may be
the cause of the observed variations in the values of TFC
(Saeed et al., 2021).

3.8. Anti-nutritional content and ant-diabetic activity of flour

blends and biscuits

Legumes contain harmful anti-nutritional chemicals which

prevent the effective absorption of various nutrients, such as
proteins, carbohydrates, vitamins, and minerals in the human
body (Lai et al., 2013). The highest phytic acid

(1302.21 mg/100 g) and saponin (1115.10 mg/100 g) contents
were identified for RUBF (Table 6b). The concentrations of
phytic acid and saponins were significantly (P < 0.05) reduced

after gelatinization and fermentation. However, the highest
decrease was achieved by the latter process, i.e., fermentation.
Gelatinization had an impact on the values of phytic acid and

total saponin content because the concentrations of these anti-
nutrients in GUBF were up to 26.48% and 38.66% lower than
the comparable RUBF. Fermentation of GUBF drastically
decreased the contents of phytic acid and saponins by

98.83% and 98.85%, respectively. The degradation of anti-
nutrients during gelatinization might be due to the leaching
of phytates and aqueous soluble saponins in a heating medium

(i.e., water) (Azeez et al., 2022).
The possible mechanisms for decrease in saponins during

fermentation are enzymatic degradation and the production

of metabolites which can eliminate or reduce anti-nutrients
(De Pasquale et al., 2020). The deterioration of phytic acid
during fermentation might be due to the activation of phytases
and phosphatases, liberating lower molecular weight biomole-

cules, including phosphates, inositol, and other nutrients
(Menezes et al., 2020). In addition, fermentation by S. cere-
visiae was previously reported to produce phytases and phos-

phatases (Menezes et al., 2020). The levels of phytic acid and
total saponin contents of flour blends and their fat-replaced
biscuit samples did not differ significantly (P > 0.05) from

the control samples. Furthermore, the baking process signifi-
cantly (P < 0.05) reduced the anti-nutrients compared to flour
blends because heat treatment further facilitates the reduction

of anti-nutrient compounds (Choe et al., 2022). Therefore, the
consumption of biscuits produced from FGUBF-WF blends
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may provide better bioavailability of carbohydrates, proteins,
minerals, vitamins, and other bioactive compounds. Similar
trends of decrease in anti-nutrients by gelatinization and com-

bined efcts of fermentation and pre-gelatinization were
explored by De Pasquale et al. (2020) for legumes flour and
Lee et al. (2020) for biscuit samples produced from fermented

okara.

3.9. Dimensional and textural properties of fat-replaced biscuits

The dimensional and textural properties of control and fat-
replaced biscuits are shown in Table 7. The incorporation of
fermented and pre-gelatinized legume flour as a fat replacer

in biscuits had a substantial influence on spread ratio, thick-
ness, and diameter. The diameter of biscuit is directly linked
with the spreading ability or the contraction of biscuits during
baking (Saeed et al., 2020b). The diameter of fat-replaced bis-

cuit samples increased with the addition of FGUBF due to the
enhanced ability to spread during baking. The maximum incre-
ment in diameter was recorded for 20% FGUBF (41.77 mm).

However, a reduction in diameter was observed for the level of
fat replacement above 20%. However, the diameter of all the
FGUBF-WF biscuits was still higher than the control biscuits

(41.65 mm). The thickness of biscuit samples was increased sig-
nificantly (P < 0.05) by the addition of FGUBF. In contrast,
the highest thickness value was reported for control biscuits
(Table 5).

One of the critical physical factors used to assess the quality
of biscuits is the spread ratio, which is correlated with the tex-
ture and overall mouthfeel of the biscuits (Menezes et al.,

2020). The spread ratio is primarily influenced by the expan-
sion of the dough caused by leavening and the gravity flow
during baking (Saeed et al., 2020b). A similar trend of increase

in spread ratio was observed, as mentioned for the diameter of
biscuit samples. In addition, 10% FGUBF (5.88 mm) and 20%
FGUBF (5.76 mm) depicted higher values of spread ratio com-

pared to 30% FGUBF (5.36 mm) and control (5.31 mm).
The reduction in the spread ratio of biscuits by 30% of fat

replacement could be due to the increased concentration of
water-binding components such as protein and fibers (Saeed

et al., 2021). Moreover, these components create aggregates
with available hydrophilic sites, lowering the amount of free
water in the biscuit dough (Lee et al., 2020). During dough

mixing, free water moves quickly via these hydrophilic regions,
increasing dough viscosity and limiting biscuit spread (Saeed
et al., 2021).

Hardness is a textural characteristic of bakery items and a
preferred indicator by consumers for evaluating the quality
of baked products (Bavaro et al., 2021). Therefore, the lower
hardness values are more desirable (Saeed et al., 2021). The

hardness of biscuits increased by increasing the fat replacement
level. However, the breaking force of 10% FGUBF (16.72 N)
and 20% FGUBF (23.87 N) was lower than the full fat-

containing biscuits (21.85 N). Furthermore, the textural value
of 30% FGUBF was not significantly different (P > 0.05)
from the control. Consistent observations regarding dimen-

sional and textural properties were reported by Saeed et al.
(2020a) and Saeed et al. (2021) when black gram flour and date
pit flour were used as fat-replacers in biscuits, respectively. The

increment in hardness values was due to the increased hydro-
philic components that trigger the water absorption of dough



Table 7 Effect of fermented and gelatinized Urad bean (FGUBF) on dimension, texture and color values of fat-replaced biscuits.

Sample Diameter (mm) Thickness (mm) Spread Ratio (mm) Breaking force (N) L* a* b*

Control 41.65 ± 0.56d 7.84 ± 0.52d 5.31 ± 0.10a 21.85 ± 0.39c 72.85 ± 0.32d 4.21 ± 0.01a 27.27 ± 0.10a

10% FGUBF 41.69 ± 0.40c 7.08 ± 0.2a 5.88 ± 0.14d 16.72 ± 0.21a 70.14 ± 0.27c 4.74 ± 0.03b 27.48 ± 0.12b

20% FGUBF 41.77 ± 0.88b 7.25 ± 0.20b 5.76 ± 0.12c 20.89 ± 0.23b 67.11 ± 0.13b 5.52 ± 0.05c 28.09 ± 0.17c

30% FGUBF 40.89 ± 0.51a 7.62 ± 0.21c 5.36 ± 0.13b 23.87 ± 0.30d 63.30 ± 0.10a 6.31 ± 0.08d 28.85 ± 0.19d

Each result is shown as the mean ± standard deviation (n = 3); the significant difference (P � 0.05) between the means in each separate column

is denoted by different letters. The significance level is calculated by Duncan method. Where, control represents biscuits without fat replace-

ment, L* values indicates the lightness (100; perfect white /0; perfect black), a* value indicates; (+) redness/(�) greenness and b* values

indicates; (+) yellowness/(�) blueness.
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(Bavaro et al., 2021). This resulted in the development of a
fragile gluten network and subsequently hardened the texture

of the biscuits (Saeed et al., 2020b). Despite fat replacement,
lower breaking strength of fermented legume biscuits was
observed. It could be due to the fact that during fermentation,

large fiber particles are broken down into smaller fiber parti-
cles which provides a crumblier texture. However, large parti-
cle size of fibers is associated with firmer texture (Lee et al.,

2020). A similar observation of lower values of hardness of
fat-replaced bread prepared from quinoa and amaranth flours
fermented by Weissella cibaria was reported by Bavaro et al.
(2021).

3.10. Color analysis of biscuits

Color, along with texture and flavor, is an essential factor of

baked goods because it can considerably affect consumer
acceptability (Rozan et al., 2022). The color of the biscuit sam-
ples was also affected by the level of fat replacement and rep-

resented in terms of L*, a*, and b* values (Table 7). The
findings revealed that as the amount of FGUBF increased in
biscuit samples, a* and b* values were gradually increased,

whereas the L* value gradually decreased. The significant
(P < 0.05) decrease in L* value of fat-replaced biscuits might
be possible due to the increased contents of dietary fibers, pro-
teins, and phytochemicals (i.e., phenols and flavonoids)

(Sandez Penidez et al., 2022). Moreover, changes in color that
occurred during the fermentation of GUBF may be responsi-
ble for the decrease in L* value and increase in a* and b* val-

ues (Sandez Penidez et al., 2022).
FGUBF-WF biscuits showed higher protein content

(Table 5) which promoted browning reaction, i.e., generation
Table 8 In Vitro protein digestibility of fat-replaced biscuit

samples.

Samples In Vitro protein digestibility %

Control 74.21 ± 1.01a

10% FGUBF 82.71 ± 1.10b

20% FGUBF 86.10 ± 1.13c

30% FGUBF 89.28 ± 1.46d

Each result is shown as the mean ± standard deviation (n = 3); the

significant difference (P � 0.05) between the means in each separate

column is denoted by different letters. The significance level is

calculated by Duncan method. Where control represents biscuits

without fat replacement, FGUBF; fermented and gelatinized Urad

bean flour.
of Maillard reaction end products (melanoidin pigment) dur-
ing baking. Saeed et al. (2020a) and Rozan et al. (2022)

depicted a similar trend of color profile when black gram flour
was used as a fat replacer in biscuits, and fermented avocado
kernel flour was used in biscuits preparation, respectively.

3.11. In-vitro protein digestibility of biscuits

The data of In vitro protein digestibility (IVPD) of biscuit sam-

ples are illustrated in Table 8. IVPD is one of the significant
criteria in the assessment of protein quality and is a marker
of protein bioavailability (Espinosa-Páez et al., 2021). It was
observed that increased concentration of FGUBF in biscuits

promotes protein bio-availability of samples. Control biscuits
showed the lowest value of protein digestibility 74.21%, while
30% FGUBF presented the highest protein digestibility

(89.28%). The rise in IVPD of fat-replaced biscuits could be
because of fermentation that increases net protein utilization
(NPR) and protein efficiency ratio (PER) (Azeez et al.,

2022). Due to the presence of anti-nutrients in plants, the
bioavailability of protein sources from plant origin is more
likely to be affected compared to protein from animal origin

(Lai et al., 2013) During fermentation, the release of prote-
olytic enzymes increases, which can break down complex pro-
teins and degrade anti-nutrients, thereby releasing more
peptides and amino acids (Azeez et al., 2022). Such interac-

tions make the protein cross-linking more vulnerable to prote-
olytic attack, thus enhancing their digestibility (Adebo et al.,
2022). Similar results of a decrease in anti-nutrients were also

observed in this study (Table 6b). Control biscuits showed the
lowest digestibility because the amino acid composition of
wheat flour is deficient in essential amino acids such as lysine,

threonine, and methionine, which may contribute to its poor
protein digestibility (Wang et al., 2022). Moreover, baking bis-
cuits increases the protein digestibility of legumes by enhanc-
ing the composition of amino acids and lowering the levels

of anti-nutrient (Nosworthy et al., 2018), thereby confirming
the beneficial effects of utilizing FGUBF as a fat replacer in
biscuit production. Consistent observation of enhanced IVPD

was reported by Espinosa-Páez et al. (2021) for biscuit samples
prepared from fermented Phaseolus vulgaris and Avena sativa.

3.12. Scanning electron microscopy of fat-replaced biscuits

The scanning electron microscopic images of the internal
cross-sectional areas of biscuit samples are presented in

Fig. 1. The biscuit formulations show the clusters of proteins
and starch that partially encase fat content in the biscuits. In
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these conditions, biscuits with higher amounts of fat (control
and 10% FGUBF) seem to exhibit certain areas where the
smooth surfaces can be interpreted as fat enveloping protein-

starch complexes (Fig. 1b–d). The control biscuit dough
(Fig. 1b) displayed flat surfaces corresponding to the matrix
development between wheat starch and gluten. A network of

some fragments of developed gluten appeared in 20% FGUBF
biscuits (Fig. 1f). However, only a few small fragments of glu-
ten were formed in 30% FGUBF biscuits which may have

been caused by insufficient hydration of gluten and wheat
endosperm (Fig. 1h) (Saeed et al., 2021).

Furthermore, a few smooth surfaces can be visualized in
Fig. 1f for 20% FGUBF biscuits. While no smooth surfaces

were noticeable in the biscuits with lower fat content (30%
FGUBF), small and large disrupted protein bodies and
deformed starch granules can be observed (Fig. 1h). From

Fig. 1f–h it can be visualized that there was only a small
amount of fat in the biscuits (20% FGUBF and 30% FGUBF)
and was enough to lubricate the matrix. However, it was not

good enough to generate the uniform smooth layer across
the surfaces of these samples (Fig. 1f–h). The increased levels
of fat replacement by 30% FGUBF caused the starch granules

to be leached out from the discontinuous gluten matrix, which
can be easily identified from Fig. 1d. The higher level of fat
replacement (30% FGUBF) presented the development of a
more compact structure than the other biscuit samples

(Fig. 1f–h). The instrumental texture analysis of the fat-
replaced biscuit samples further confirmed the observation of
compactness in structure, which may have resulted in the

increased hardness of biscuits (Table 7) (Saeed et al., 2021).
Moreover, the protein matrix suffered degradation due to
the dual treatment of gelatinization and fermentation (De

Pasquale et al., 2020). Additionally, increased IVPD of biscuit
samples correlated with the breakdown of the protein matrix
(Table 8). These observations are consistent with the findings

of Saeed et al. (2020a) for fat-replaced biscuits produced from
legume flour. The literature indicated that despite the fact that
microstructural features of fat replacers are substantially dif-
ferent from fat when they are used in food items. However,

the end products exhibit similar attributes to the conventional
formulation, which was also verified by our results (Saeed
et al., 2020a).

3.13. Sensory characteristics of fat-replaced biscuits

Table 9 shows the results of the sensory assessment in terms of

appearance, taste, color, texture, and overall acceptability of
biscuit samples prepared by replacing varying amounts of fat
Table 9 Sensory analysis of fat-replaced biscuit samples.

Samples Appearance (9*) Color (9*) Ta

Control 8.35 ± 0.15b 7.22 ± 0.17a 8.3

10% FGUBF 8.33 ± 0.12b 8.43 ± 0.15c 8.3

20% FGUBF 8.36 ± 0.17bc 8.62 ± 0.15d 8.3

30% FGUBF 7.52 ± 0.13a 7.89 ± 0.14b 7.2

Each result is shown as the mean ± standard deviation (n = 3); the signifi

is denoted by different letters. The significance level is calculated by Dunca

FGUBF; fermented and gelatinized Urad bean flour, *9 Points hedonic
content with FGUBF. Higher sensory scores for color, texture,
and overall acceptability were produced by replacing fat at the
ostensibly optimal level of 20% FGUBF, which were signifi-

cantly (P < 0.05) greater than that of the control biscuits.
However, the sensory panellists were not able to differentiate
any significant (P > 0.05) difference in appearance and taste

between 20% FGUBF and full fat-containing biscuits. Fur-
thermore, color and overall acceptability scores of 10%
FGUBF biscuits were significantly (P > 0.05) different from

control biscuits.
The taste of biscuit samples decreased when the level of fat

replacement increased beyond 20% FGUBF due to the unde-
sirable mouthfeel and increased hardness. This increased hard-

ness at a high concentration of fat replacement was also
confirmed by the findings of textural analyzer (Table 5). These
negative consequences were apparently caused by a substantial

reduction in the amount of saturated fat in the biscuit recipe
(Patel et al., 2020). Generally, fat is considered to aid in sooth-
ing and softening the texture of many different types of baked

goods, thereby giving them the textural attributes that con-
sumers demand (Yazar and Rosell, 2022). Saeed et al.
(2020a) depicted that up to 15% of fat replacement by black

gram flour had no negative impact on the sensory profile of
biscuits. In contrast, in the present study, up to 20% of fat
replacement by gelatinized and fermented legume flour pro-
duced satisfactory results for the sensory parameters of biscuit

samples.

3.14. Correlation analysis

The correlation plot matrix shows the coefficient values of
Pearson correlation (Fig. 2a) and their degree of significance
(Fig. 2b) assessed between the DPPH-IC50, FRAP-IC50,

ABTS-IC50, HRSA-IC50, a-glucosidase inhibition-IC50, TPC
and TFC of flour blends and biscuit samples. The positive
and negative correlations are shown in red and purple colors,

respectively. The correlation coefficients were inversely propor-
tional to ellipse size. For example, the smaller the size of ellipse,
the more will be the positive correlation between the samples.
The non-significant difference (P > 0.05) was excluded from

the correlogram (Fig. 2b). Strong and positive correlations
existed between the different antioxidant activities of flour
blends and their biscuit samples. In fact, significant and positive

correlations were anticipated because these antioxidant activi-
ties work on the same principle, that is, the donation of electron
(Dewanto et al., 2002). The negative linear correlation of the

IC50 values of DPPH, FRAP, ABTS, HRSA, and a-
glucosidase inhibition with the bioactive compounds (TPC
ste (9*) Texture (9*) Overall Acceptability (9*)

5 ± 0.13d 8.23 ± 0.15b 8.07 ± 0.17b

2 ± 0.15b 8.22 ± 0. 13b 8.33 ± 0.16c

4 ± 0.12d 8.38 ± 0. 17c 8.42 ± 0.19d

5 ± 0.10a 7.73 ± 0. 12a 7.13 ± 0.14a

cant difference (P � 0.05) between the means in each separate column

n method. Where control represents biscuits without fat replacement,

scale.



Fig. 2 (a) Correlogram analysis with the determined values of Pearson Coefficient of Correlation between the bioactive compounds

(TPC and TFC), IC50 values of antioxidant activities (DPPH, ABTS, HRSA, and FRAP), and IC50 values of a-Glucosidase Inhibition (a-
GAI) of flour blends and biscuits. (b) Correlogram with the defined significance levels. Where: TPC; Total phenol content, TFC; Total

flavonoid content, DPPH; 2, 2-diphenyl-1-picrylhydrazyl, ABTS; 2,20-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid), HRSA; Hydroxyl

radical scavenging activity, FRAP; Ferric reducing antioxidant power.
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Fig. 3 (a) Principal component analysis with the location of Wheat flour (control), fermented and gelatinized Urad bean (FGUBG),

FGUBF 10%, FGUBF 20%, and FGUBF 30%). (b) Biplot of flour blends with the dispersion of characteristics (b6y) in the area

delineated by principal component 1 (PC1) and principal component 2 (PC2). Where, WAC; water absorption capacity, OAC; oil

absorption capacity, PV; peak viscosity, BD; break down viscosity, SB; setback viscosity, FV; final viscosity, PT; pasting temperature, GT;

gelatinization time, DDT; dough development time, WA; water absorption, DS; dough stability, DoS; degree of softening, FQN;

farinograph quality number, PA; phytic acid, TS; total saponin, GAI; glucosidase inhibition, TPC; total phenolic content, TFC; total

flavonoid content.

18 S.A. Ali et al.
and TFC) were observed, which demonstrated the positive con-
tribution of phenolic compounds to the antioxidant potential
of fermented legumes (Girish et al., 2012). The lower IC50 val-
ues of DPPH, FRAP, ABTS, and HRSA are associated with

increased antioxidant activities. These findings suggested that
the FGUBF has strong antioxidant potential since the reduc-
tion in IC50 values of antioxidant activities may have resulted

in the increment of TPC and TFC. Furthermore, IC50 values
of a-glucosidase inhibition of flour blends and biscuit samples
were also negatively correlated to TPC and TFC, i.e., inhibition
of a-glucosidase increased with the increased concentration of
these bioactive compounds and antioxidants.

3.15. Principal component analysis

The relationship between the physicochemical properties, func-
tional properties, bioactive compounds, anti-nutrients, pasting
properties, and rheological characteristics of WF (control) and

FGUBF-WF blends were investigated by using principle com-
ponent analysis (PCA) (Fig. 3). The PC1 and PC2 accounted



Fig. 4 (a) Principal component analysis with the location of control and fat-replaced biscuit samples(fermented and gelatinized Urad

bean (FGUBG), FGUBF10%, FGUBF 20%, and FGUBF 30%). (b) Biplot of fat-replaced biscuit samples illustrating the association

between variables (anti-nutrients, bioactive substances, a-Glucosidase inhibition, dimensions, textural, color values, and nutritional

properties) in the area delineated by principal component 1 (PC1) and principal component 2 (PC2).
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9821% of the cumulative variation among the 24 attributes of

the 4 flour samples (Fig. 3). PC1 and PC2 explained 89.23%
and 8.98% of the data variation, respectively. 10% FGUBF
and 20% FGUBF looked closer to one another in the observa-
tion plot, which suggested a positive correlation between them

(Fig. 3a). In addition, 30% FGUBF also seemed to be closer to
FGUBF 20%. However, control and 30% FGUBF emerged
opposite to one another and displayed a negative association.

The bi-plot of PC1 versus PC2 demonstrated that maximum
attributes were negatively correlated with PC1 and positively
correlated with PC2 (Fig. 3b). Furthermore, carbohydrate

%, gluten index %, DST, FV, SBV, and BDV were positively
correlated to PC1. While physicochemical attributes (protein
%, fat% crude fibre%, ash%, and moisture %), bioactive
compounds (TPC and TFC), functional properties (WAC%

and OAC %), pasting characteristics (BDV and SBV), rheo-
logical properties (WA, DST, DDT, DoS, and FQN) and
anti-nutrients (PA and TS) were positively correlated with

PC2. Besides, negative mutual correlations of PC1 and PC2
were observed for DDT, GT, PV, PT, and glucosidase inhibi-



Fig. 5 (a) Principal component analysis and its score plot, illustrating the variability between the sensory parameters of biscuit samples:

control and fat-replaced biscuit samples fermented and gelatinized Urad bean (FGUBG), FGUBF10%, FGUBF 20%, and FGUBF

30%). (b) Biplot of fat-replaced biscuit samples describing the relationship within the sensory parameters.
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tion which predicted the negative variations of these attributes
among the samples.

Using PCA, the average values of the physical properties,
anti-nutrients, bioactive compounds, a-glucosidase inhibition,
In vitro protein digestibility, and nutritional profile of fat-

replaced biscuits were determined, and the results are illus-
trated in Fig. 4(a and b). The differences and similarities
among the 20 attributes of the 4 biscuit samples were described
by PC1 and PC2, which together accounted for 98.44% of the

total variations. It was evaluated that the eigenvalue of PC1
and PC2 was 15.54 and 4.14, respectively, which depicted a
variability of 77.70% and 20.74%, respectively. 10% FGUBF,
20% FGUBF, and 30% FGUBF were found closer to each
other in the observation plot (Fig. 4a), which showed similar

physical (diameter, spread ratio breaking force, L*, a*, and
b* values), bioactive compounds (TPC and TFC), anti-
nutrients (phytic acid and saponin), a-glucosidase inhibition

%, and nutritional characteristics (ash, protein, fiber, fat,
and energy) of these fat-replaced biscuit samples (Fig. 4b).

Fig. 5(a and b) shows the average values of sensory proper-
ties of biscuit samples determined by PCA. The PC1 and PC2

collectively demonstrated 99.46% of the total variation among
the 22 biscuit samples. The eigenvalue of PC1 was >1 and
explained 80.15% of the variation. The observation plot in
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Fig. 5a shows that the control, 10% FGUBF, and 20%
FGUBF were close to each other, indicating that these biscuit
samples have similar edible characteristics.

Furthermore, the bi-plot of sensory variables (i.e., taste,
texture, color, appearance, and overall acceptability) indicated
a favourable association (i.e., positive correlation) between

them (Fig. 5b). From the bi-plot, it can be clearly visualized
that the 30% FGUBF displayed considerably different traits
than the other biscuit samples. This explains the fact that

30% FGUBF had a negative correlation with other biscuit
samples and demonstrated a strong influence on the sensory
properties of biscuits. PCA and ANOVA depicted similar
observations for sensory analysis of fat-replaced biscuit sam-

ples (Table 5).

4. Conclusion

In this research, the nutritional profile and technological properties of

Urad bean as fat replacer and its resulting biscuits were improved by

the combined effects of gelatinization and fermentation with S. cere-

visiae MK-157. The thermal treatment of gelatinization activated

endogenous enzymes in Urad bean which was further enhanced by

the microbial activities during fermentation. These microbial activities

significantly (P < 0.05) improved the nutritional characteristics of

legumes by degrading anti-nutritional compounds, i.e., phytic acid

and saponin content. Although, GUBF reduced the antioxidant poten-

tial assessed by DPPH, ABTS, HRSA, and FRAP. However, fermen-

tation of GUBF significantly (P < 0.05) increased the concentrations

of antioxidants and bioactive compounds (TPC and TFC) in FGUBF-

WF blends and their biscuit samples. FGUBF showed a positive

impact on the functional (WAC and OAC) and technological (pasting,

rheological, textural) characteristics of flour blends, biscuit dough, and

biscuit samples.

Gelatinization and fermentation of legume disintegrated the struc-

ture of proteins and polymeric chains of starch molecules, which was

reflected in the micrographs of biscuit samples. Furthermore, the

incorporation of flour blends in biscuit samples as a fat replacer

increased the contents of protein, ash, and fiber, while calories were

reduced with respect to the levels of fat replacement. In vitro protein

digestibility of biscuit samples was also increased. 20% FGUBF

depicted the desirable physical and sensory properties of biscuit sam-

ples. Increasing the concentration of FGUBF beyound 20% resulted

in the development of hard texture and bitter mouth feel. In combina-

tion with gelatinization, fermentation produced encouraging results,

making this technique an ideal option for implementation as a new

technology in the food sector to develop legume flours with improved

nutritional profiles. Simultaneously, this study opens the doors for the

legume processing industries by providing value to the waste of

legumes. However, the fermention of gelatenized Urad bean flour

has been done on a laboratory scale. Therefore, implimentation of this

technique on pilot plant or industrial scale for biscuits prepartion may

provide certain variations in the final product which needs to be ana-

lyzed practically. Conclusively, future investigations are required to

validate the reported findings in the In-vivo models.
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