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Techno-functional, antioxidants, microstructural, and sensory 
characteristics of biscuits as affected by fat replacer using roasted 
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Nutrition, Faculty of Home Economics, Helwan University, Helwan, Egypt; fDipartimento di AGRARIA, Università Degli 
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ABSTRACT
Obesity is one of the major causes of non-communicable diseases (NCDs) 
associated with a dietary pattern rich in saturated fat. The present study 
utilized roasted and germinated chickpeas (Cicer arietinum) flour (RCPF and 
GCPF) as a replacement for fat in biscuits, known to have nutraceutical 
properties. The fat content was modified using the following ratios: 10%, 
20%, and 30% (w/w) of RCPF/GCPF. Based on the physicochemical analysis, 
increased concentrations of RCPF and GCPF in the flour blends resulted in 
higher levels of protein, ash, and crude fiber contents. GCPF was found to 
contain higher levels of protein (20.20%), ash (4.86%), and crude fiber (3.64%) 
compared to RCPF. Increased RCPF and GCPF levels resulted in reduction 
of gluten content, which indicated weak gluten network. Scanning electron 
micrographs (SEM) of biscuit samples further supported these observations. 
The farinograph properties showed significant increase (P<0.05) in water 
absorption and dough development time. Furthermore, when RCPF and 
GCPF were added to flour blends and biscuits samples, significant increase 
(P<0.05) in antioxidant activity, total phenolic content, and total flavonoid 
content was observed. These trends were observed to be more prominent 
with higher quantities of RCPF and GCPF. Notably, the antioxidant properties 
of chickpeas were found to be significantly improved (P<0.05) by the process 
of germination compared to roasting. Moreover, improvements in antioxi
dant activity might be caused by the increased levels of phenolic compounds 
and ascorbic acid due to the actions of endogenous hydrolytic enzymes 
during germination. The dimensional, textural, and sensory properties indi
cated that RCPF 20% and GCPF 10% can effectively serve as an organic fat 
substitute in bakery products with enhanced concentrations of proteins, 
fibers, antioxidants, and bioactive compounds with nutraceutical 
properties.       
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Introduction

Excessive consumption of food products rich in saturated fats creates many health-issues, includ
ing obesity and other non-communicable diseases, i.e., diabetes, cancer, cardiovascular diseases,
etc.[1] Biscuits are the highly consumed item among all other bakery products due to their 
availability in wide varieties, ready-to-eat properties, and cost-effectiveness.[2] However, refined 
wheat flour, fat, and sugar are the principal ingredients utilized in biscuits manufacturing which 
contributes to its poor nutritionalprofile.[3] Fat plays multiple desirable roles in baked products, 
such as providing richness in flavor and enhancing the textural properties and mouthfeel by 
providing lubrication of ingredients. Moreover, fats maintain structural integrity and extend the 
shelf life of bakedproducts.[4] Nowadays, consumers are becoming aware of the correlation 
between diet and the risk of diseases. Therefore, it is the responsibility of food manufacturers to 
meet consumer demands by reducing fat content in food products without altering their 
functionalproperties.[5] However, it is difficult to eliminate fat without changing the physicochem
ical and sensorial properties of the final product, although it is practically possible to partially 
replace fat with otheringredients.[2,4,6] Fat replacers are classified as the ingredients that can 
perform some of the functional properties of fats in food product development. They provide 
zero or few calories than fat. Furthermore, American Dietetic Association states that legumes are 
organic ingredients that can provide some or all of the functions of fat with lower caloricvalue.[7] 

Numerous fat replacers, such as inulin, polydextrose, etc., are available in markets, but only very 
few depict remarkable results without altering the properties of food. Legumes have been reported 
as an effective fat replacer that not only helps in reducing the fat content of the product but also 
increases the nutritionalvalue.[8] Legumes are a good source of protein, dietary fibers, vitamins, 
and minerals compared to other cereals used as staple foods, such as wheat, corn, and rice.

Chickpea (Cicer arietinum L.) is a leguminous crop that grows mainly in cold environments. 
Worldwide production of chickpeasranks second after commonbeans.[9] Chickpeas are extensively 
cultivated in temperate and subtropical areas such as Australia, America, West Asia, and 
Indiansubcontinent.[10] Two main types of chickpeas (Desi and Kabuli) cultivated around the globe 
are distinguished based on their color, size, and shape. Desi or black chickpeas are produced in Africa 
and South Asia with higher fiber content, anthocyanins, and bioactive compounds. The global Desi 
chickpeas production is approximately 85%, whereas 15% is reported for typeKabuli.[10] Chickpeas are 
rich in polyphenols, i.e., salicylic, gallic, vanillic, anise, isoferulic, chlorogenic, cinnamic, tannic, and 
ferulicacids.[11] Furthermore, isoflavones, a type of flavonoid in chickpeas, exhibit a wide range of 
biological activities comprising antioxidant, antifungal, estrogenic, and antibacterialproperties.[12] 

Chickpeas are a lost-cost source of carbohydrates and proteins. Around 60% of the dry weight of 
chickpeas consists of carbohydrate content, i.e., monosaccharides, disaccharides, and
oligosaccharides.[13] The protein quality of chickpeas is superior to other pulses such as red gram, 
black gram, and greengram.[14] Chickpeas contain around 66% PUFA, 19% MUFA, and 15% SFA. The 
Kabuli variety of chickpeas has more oleic acid, while the desi types include more linoleicacid.[15]

Chickpeas contain polar and nonpolar components in their carbohydrates, proteins, and fibers, 
allowing them to absorb water and oileffectively.[11] Furthermore, higher water absorption of polar 
compounds of legume flour provides similar functional properties of fat, i.e., lubrication, flow proper
ties, and creaming characteristics. At the same time, the presence of nonpolar compounds in legumes 
assists in the development of fat-soluble flavor-carrying capacity in partially fat-replaced products. 
Moreover, chickpeas have been reported to possess higher emulsion capacity, foaming ability, thermal 
stability, and water absorption properties than other legumes. Due to these functional properties, 
chickpeas may be utilized as an effective organic fat replacer in baked products. In addition, Grossi 
et al.[13] depicted the utilization of chickpea aquafaba as a partial replacer of palm oil up to 25%
in pound cake. In another research, low-fat beef burger was prepared by the substitution of 10% fat 
with chickpeaflour.[8] Previously white bean flour had also been reported to possess functional 
properties for fat replacement in chocolatebiscuits.[8] In another research, muffins were made using 
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peach dietary fibers as a significant fat substitute, owing to fibers functional ability to absorb high 
amounts ofwater.[6]

Before consumption, many pre-treatments can be applied to legumes, including boiling, roasting, 
soaking, germination, and fermentation. Germination and fermentation of legumes have been 
reported to enhance the antioxidant potential and bioavailability of nutrients by the elimination of 
antinutrients. In addition to textural imperfections, the noticeable beany, earthy, and bitter off-flavor 
of legume flour may have a negative impact on consumer acceptance of wheat-based products 
containing legume flour. Roasting tends to be the most promising of the above-mentioned pre- 
treatments of legumes to eliminate off-flavors. Furthermore, roasting removes undesired volatiles, 
and other compounds produced during this process (such as pyrazines and alkylated pyrazines) are 
pleasing. These compounds have the potential to cover up the off-flavors.[16] Additionally, Kotsiou 
et al.[16] reported that the incorporation of roasted chickpeas flour up to 10% in wheat flour for bread 
preparation did not have any negative impact on the taste profile. The utmost literature revealed that 
germinated and roasted chickpea flour (GCPF and RCPF) had not been used before as a fat replacer in 
baked products. The germination of chickpeas produces enzymes that may improve the technical 
properties of the flour as fat replacer. Hence, the inclusion of GCPF in biscuits formulation is desired 
since it is predicted to improve the quality of the final product. Therefore, the aim of this research was 
to highlight the impact of germination and roasting on techno-functional properties, dough rheology, 
and quality parameters of fat-replaced biscuits. In addition, the effect of GCPF and RCPF addition on 
the microstructural properties, antioxidants, bioactive compounds, and nutritional profile of fat- 
replaced biscuits was also evaluated.

Materials and methods

Materials

In January 2023, Black Desi Chickpeas were purchased from a grocery store located in Metro Cash & 
Carry in Karachi. The ingredients required for making biscuits, such as wheat flour, fat, sugar, eggs, 
and salt, were also obtained from the same store. Additionally, glucose, soya lecithin, and baking 
powder were procured from Sulop Chemicals, a company based in Karachi. All chemicals used for the 
study were of Analytical Reagent grade, provided by Sigma-Aldrich and Merck.

Preparation of germinated chickpea flour

About 3 kg of chickpeas were sorted manually to remove any undesired particles. Chickpeas were then 
washed with distilled water, and soaked for 12 h. After soaking, chickpeas were placed between the two 
sheets of filter paper and kept in dark place at 30°C for 24 h to initiate the germination. The 
germinated chickpeas were then dried in drying oven (Bionics Scientific, BST/HAO-1124) at 60°C 
for 8 h. Afterward; it was ground into a fine powder using a laboratory cutter mill (3100 Perten 
Instruments, USA) and sieved from the 60µ mesh size. It was then collected and stored at 4°C in air- 
sealed container.

Preparation of roasted chickpea pea flour

Prior to roasting, chickpeas were soaked in tap water in the ratio of 1:2, respectively, for 6 h at room 
temperature. Then, water was separated, and the chickpeas were left to air dry at room temperature for 
15 min. Immediately 200 g of chickpeas were roasted on an exposed pan containing silica (2 mm) for 
15 min at 190°C. A digital laser infrared thermometer was used to measure the silica temperature. The 
heat was applied uniformly throughout the particles of silica by continuous agitation. Roasted 
chickpeas were separated from silica by sieving from the mesh screen. Roasted chickpeas were then 
ground and further treated in a similar manner as mentioned for the preparation of germinated flour.
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Preparation of flour blends

The incorporation of germinated chickpea flour (GCPF) and roasted chickpea flour (RCPF) in wheat 
flour (WF) was associated with the level of fat replacement utilized in biscuits preparation. The GCPF 
and RCPF were individually incorporated in WF with respect to the level of fat replacement in biscuit 
samples (10%, 20%, and 30% wt/wt). The GCPF-WF blends and RCPF-WF blends were analyzed for 
techno-functional, proximate composition, rheological, antioxidants, and bioactive compound 
properties.

Proximate composition of flour blends

A moisture analyzer (Brabender51–55, CW Brabender, Duisbury, NJ, USA) was used to determine 
moisture content following the method of AACC(2000).[17] Ash and protein contents of flour samples 
were determined using a Brabender Kernelyzer (Brains Instruments, Germany). Fat content was 
analyzed by the soxhlet extraction method of AACC(2000).[17] Wet gluten (WG), dry gluten (DG), 
and gluten index (GI) was determined byGlutomatic-2000.[18]

Techno-functional properties of flour blends

All the functional properties of flour blends were determined in triplicates. Water and Oil Absorption 
Capacities: Water and oil absorption capacities (WAC and OAC) of flour samples were determined 
according to the method of Sreerama et al..[19] 1 g of flour sample was added to a tube, and 20 mL of 
distilled water was added, followed by mixing. Then, tubes were centrifuged at 3000×g for 10 min. The 
sediments were weighed and analyzed for WAC after the removal of supernatants. For the analysis of 
OAC of flour samples, soybean oil was used in place of distilled water and was calculated similarly.

Swelling Power: The swelling power (SP) of the sample was determined according to the method 
described by Olade et al..[20] Briefly, 1 g of the sample was mixed with 10 mL of distilled water in a 20  
mL tube. The mixture was then thoroughly mixed and heated in a water bath at 80°C for 30 min. After 
cooling to room temperature, the tube was centrifuged at 1000×g for 15 min. The resulting paste was 
analyzed to determine its SP.

Pasting Properties: The effects of varying concentrations of flour blends on pasting characteristics 
were analyzed using the Micro Visco-Amylo-Graph (Brabender, Duisburg, Germany) in accordance 
with the AACC Method76–21.02.[17] A predetermined flour sample was mixed with distilled water in 
a container, heated to 50°C, and stirred at160 rpm for 10 sec. The mixture was left for 1 min at 50°C 
before being heated for 12.5 min at 95°C. Then, slurry was cooled to 50°C for 7.7 min. The resulting 
pasting curve was used to determine various pasting parameters, including Gelatinization beginning 
(G), Peak viscosity (PV), final viscosity (FV), breakdown (BD), and setback (SB) viscosities.

Antioxidant Activity of the Flour Blends: The methanolic extract of samples was prepared by 
adding 0.5, 1.25, 1.75 and 2.5 g flour in 10 mL methanol and vortexed, followed by sonication for 1 h in 
ultrasonicator (SONOREX RK 31, Bandelin Electronic KG, Berlin, Germany). The resultant extracts 
were centrifuged(3500 rpm) for 15 min and used for antioxidantanalysis.[21]

Radical Scavenging Activity by 2, 2-Diphenyl-1-Picrylhydrazyl (DPPH): The protocol developed by 
Saeed et al.[22] was employed to measure the radical scavenging activity of the samples. Briefly, 1 mL of 
the sample extract was mixed with 1 mL of a 0.4 mM/L DPPH solution in methanol and incubated for 
30 min in the dark. The absorbance at 517 nm was measured using a UV-Vis spectrophotometer 
(Perkin Elmer, Lambda 25). The DPPH scavenging activity was determined using the equation below: 

Scavenging activity% ¼¼
Absorbance of control � Absorbance of sampleÞ

Absorbance controlð Þ
� 100 

Ferric/Ferricyanide (Fe3+) Reducing Antioxidant Power (FRAP): Various concentrations of the 
methanolic extracts of flour blends were analyzed for FRAP by the method of Gawlik et al..[23] The 
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absorbance of the Perl’s Prussian colored complex was determined at 700 nm, and an increase in the 
absorbance values is dependent on the intensity of color formation, indicating a greater ferric reducing 
power.

Bioactive compounds

Total Phenolic Content: To determine the total phenol content (TPC), the method described by 
Sharma et al.[24] was used. A 200 µL aliquot of the methanolic extract was mixed with 1.3 mL of Folin- 
Ciocalteu reagent and 1.5 mL of saturated sodium carbonate. The mixture was then incubated at 50°C 
for 30 min, and the absorbance was measured at 725 nm. A calibration curve was prepared using Gallic 
acid as the standard solution, and TPC was expressed as milligrams of Gallic acid equivalent per 100 
g of dry weight.

Total Flavonoid Content: The total flavonoid content (TFC) was calculated following the 
technique of Sharma et al..[24] The absorbance of samples was computed at 510 nm. The 
results were represented as Catechin Equivalent (mg CE/100 g dry weight), using Catechin as 
the reference standard.

Dough rheology

The impact of the incorporation of roasted and germinated chickpea flour in wheat flour on 
dough mixing properties was evaluated by Farinograph parameters. Rheological properties of 
flour samples were estimated by using Brabender frainograph (mixer bowl 300 g, Brabender 
OHG, Duisburg, Germany) according to the method of AACC,54–21.02.[17] Following farino
graph parameters were determined, i.e., water absorption (WA), dough development time 
(DDT), dough stability time (DST), degree of softening (DoS), and Farinograph quality 
number (FQN).

Preparation offat-replaced biscuits

The biscuit samples were prepared according to the recipe mentioned in Table 1. The RCPF and 
GCPF replaced the fat content in biscuit samples corresponding to the amount of fat in biscuit 
samples (10%, 20%, and 30%). The traditional biscuit recipe was used, which included flour 
(RCPF/GCPF and wheat flour were blended in varying proportions of fat replacement), sugar, 
oil, salt, egg, glucose, baking powder, soy lecithin, and water. Initially, icing sugar and fat were 
thoroughly creamed for 3 min in a dough mixer (Kenwood KVL4100W, UK). The mixture of fat 
and sugar was mixed for a further 5 min after the addition of the whole egg and lecithin. 
Following that, mixture of wheat flour, baking powder, salt, glucose, and water was added. With 

Table 1. Composition of biscuits prepared from germinated chickpea flour (GCPF) and roasted chickpea flour (RCPF).

Levels of fat replacement-GCPF Levels of fat replacement-RCPF

Ingredients Control 10% 20% 30% 10% 20% 30%

Flour (g) 100 100 100 100 100 100 100
Fat (g) 40 36 34 32 36 34 32
Icing sugar (g) 40 40 40 40 40 40 40
Egg (g) 13.4 13.4 13.4 13.4 13.4 13.4 13.4
Soya lecithin (g) 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Baking powder (g) 1 1 1 1 1 1 1
Salt (g) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Glucose (g) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Water (mL) 20 ± 5 21 ± 5 22 ± 5 25 ± 5 22 ± 5 23 ± 5 26 ± 5
GCPF (g) - 4 6 8 - - -
RCPF (g) - - - - 4 6 8
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the help of biscuit cutter, the kneaded dough was sheeted and cut into circular forms. The next 
step involved baking the biscuits for around 20 min at 180°C in a preheated baking oven (Anex, 
AG-3079, China). Biscuits were allowed to cool at room temperature and then kept in sealed 
containers.

SEM of biscuits

The samples of biscuit samples were evaluated for microstructural properties by using Scanning 
Electron Microscope (JOEL, Analysis system, Model # JSM-6380, Japan). The sample was placed in 
an aluminum specimen holder and plated with gold (2 mbar). The samples were then examined under 
a microscope at 10 kV and 10 µm with 1000X magnification.

End quality of fat-replaced biscuits

Quality attributes of RCPF-WF and GCPF-WF biscuit samples were analyzed as follows. Antioxidants 
and bioactive compounds analysis of biscuits: Extractpreparation,[21] 

DPPHinhibition,[22]FRAP,[23]TPC[24] andTFC[24] of biscuit samples were determined according to 
the similar manner as mentioned for the flour blends.

Physical characteristics of biscuits: The diameter (D) and thickness (T) of biscuits were measured in 
millimeters (mm) using a Vernier scale. For the thickness calculation, six biscuits were stacked on top 
of each other, and the total height was measured and divided by six to obtain an average value. The 
spread ratio of the biscuits was calculated asD/T.[25] All measurements were repeated three times.

Textural analysis: Texture Analyser (UTM, Zwick/Roell, Germany) was used to measure the impact 
of the substitution of fat with RCPF and GCPF on the breaking strength of biscuit samples. A 5 kg load 
cell was used, and the force was measured in Newton(N).[25]

Color analysis: The color of each biscuit sample was measured with color meter (NH300, China). L* 
value is the variable of lightness, b* and a* are the chromaticity values showing (+) yellowness/(-) 
blueness and (+) redness/(-) greenness, respectively. These values represented an average of measure
ments when the colorimeter was placed on the surface of biscuits at differentpositions.[25]

Nutritional analysis of biscuits

The primary components of RCPF/GCPF incorporated biscuits, such as carbohydrate, fat, protein, 
ash, crude fiber, and moisture contents, wereexamined.[17] AACC Method08–01.01 was used to 
determine the ash content. Protein content was analyzed by using the Kjeldahl apparatus according 
to the AACC Method46–16.01. Fat content was determined with the help of Soxhlet Apparatus 
(Thermo Fisher Scientific) by using the AACC Method30–25.01. The crude fiber was determined 
on a fiber extractor (Marconi, MA-444, Brazil) by using AACC Method32–10.01. Furthermore, AACC 
Method44–15.02[17] was used in determining the moisture content by the hot air-drying oven method 
(Lab tech, LDO-060 E). The amount of carbohydrates present in the sample was determined by 
deducting the combined values of moisture, ash, fat, protein, and crude fiber from 100. We used the 
Atwater general factor system to determine the kilocalories, with lipid (9 Kcal/g), carbohydrate (4  
Kcal/g), and protein (4 Kcal/g) factors.

Sensory analysis of biscuits

The Department of Food Science and Technology at the University of Karachi selected 50 semi-trained 
panelist, both male and female (ages22–47), to evaluate sensory parameters such as appearance, 
texture, taste, color, andacceptability.[26] Training of participants takes place in the baking lab, mainly 
about the sensory method and prototypes ofbiscuits.[27] The samples were graded on the basis of 
hedonic scale analysis (9* point ranking), 1 indicates the lowest score (dislike extremely), and 9 depicts 
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the highest score (like extremely). The biscuits were analyzed in daylight, and a separate chamber was 
designated for each participant within the facility. Random 3-digit coding was assigned to each 
randomly picked biscuit sample and was presented to the panelist with water for rinsing their mouths.

Statistical analysis

All the tests were analyzed statistically through IBM SPSS Statistics Version 17.0. Inc, Chicago, USA 
software. Duncan’s test was used to observe the 95% level of significance (P ≤ .05) in various para
meters. All tests were conducted in triplicate. Data were analyzed statistically by applying one-way 
analysis of variance (ANOVA).

Results and discussion

Physicochemical properties of flour blends

Chemical compositions of RCPF and GCPF incorporated at different levels in wheat flour (WF) are 
reported in Table 2. The moisture and gluten contents of RCPF-WF blends were decreased and 
increased, respectively, with the increased concentration of RCPF. Gluten content (dry and wet) and 
gluten index were reduced as the amount of RCPF and GCPF was increased in wheat flour. Similar 
observations were reported by Jogihalli et al.[28] when different concentration of sand-roasted chickpea 
was added to wheat flour. Moreover, the moisture content of wheat flour (14.1%) was observed lower 
than different ratios of RCPF incorporated in wheat flour, which ranged from 15.34 to 17.76%. The 
increased values of moisture content of flour blends were due to the higher water absorption capacity of 
RCPF (Table 3). Similarly, increased moisture content was observed for GCPF-WF blends. The increased 
moisture content depicted the presence of hydrophilic components such as fiber, starch, and protein in 
RCPF and GCPF, which facilitates more waterabsorption.[25] One of the main advantages of the addition 
of RCPF and GCPF in flour blends was due to the contents of proteins andfibers,[11] which are well- 
known sources to enhance the nutritional profile of food products. Furthermore, contents of protein, 
crude fiber, ash, and fat were increased with the increased incorporation of RCPF and GCPF in the flour 
blends. Protein content increased from 11.52 to 14.96% and 11.82 to 15.86% for the blends of RCPF-WF 
and GCPF-WF, respectively. Greater level of fiber content was observed in RCPF (2.56%) and GCPF 
(3.64%) compared to control (0.21%). Although there are numerous health benefits associated with 
consuming fiber, such as improved metabolic parameters, microbiota composition, and the synthesis of 
beneficial metabolites, Western countries continue to have low fiberintake.[29] Consequently, the food 
industry is focusing on enhancing food products by increasing their fiber content, which presents an 
opportunity for foodreformulation.[19] The high amount of minerals in RCPF and GCPF increased the 
ash content in flour blends from 0.42 to 1.16% and 0.42 to 1.84%, respectively. Data reported in Table 2 
indicate that germination resulted in greater increase in protein and ash contents compared to the 
roasting of chickpeas. Generally, germinations lead to the production of amino acids, which ultimately 
enhance the crude protein content. While roasting might cause the denaturation of amino acids due to 
heating, which results in the loss of volatile nitrogenouscompounds.[29] Kumar et al.[29] reported similar 
observations regarding roasting and germination for black chickpeas.

Water absorption capacity and Oil absorption capacity of flour blends

The WAC of different concentrations of RCPF and GCPF incorporated in wheat flour is reported in 
Table 3. The WAC of RCPF-WF blends and GCPF-WF blends was ranged from 159.92 to 188.56% and 
150.12 to 159.18%, respectively. The highest WAC was observed for RCPF 30% (188.56%) and GCPF 
30% (159.18%). Furthermore, the lowest WAC was observed for RCPF 10% (159.92%) and GCPF 10% 
(150.12%). However, the WACs of all the flour blends (RCPF and GCPF) were much higher than the 
wheat flour (145.60%). The study revealed that roasting significantly (P ≤ .05) enhanced the WAC 
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compared to germination. The less WAC of GCPF blends was due to the enzymatic degradation of 
hydrophilic components present in proteins andfibers.[29] On the other hand, roasting denatures the 
proteins and dissociates them into simpler units which ultimately facilitates the binding sites for higher 
level of waterabsorption.[30] A similar observation has been reported by Kumar et al.(2020)[29] for 
roasting and germination of black chickpeas. These observations suggested that the addition of RCPF 
and GCPF to wheat flour influenced the level of water absorption due to the competition of components 
of chickpea flour with wheat flour for the available water. Moreover, it could be because of the 
molecular nature and difference in the chemical composition of chickpeas and wheat. The significant 
WAC of RCPF-WF blends and GCPF-WF blends proposed that these combinations of flour blends 
could be utilized in bakery products that demand high amount of waterabsorption.[22] Oil absorption is 
desirable for the improvement of palatability and flavor retention of bakedproducts.[31] The OAC of 
RCPF-WF blends and GCPF-WF blends ranged from 169.76 to 203.22% and 158.48 to 169.38%, 
respectively (Table 3). The observations reported in Table 3 show that the increased level of chickpea 
flour in flour blends resulted in the increased rate of oil absorption. However, germination of chickpeas 
resulted in decreased level of oil absorption compared to roasting. The possible reason for the increased 
OAC of roasted samples was the dissociation of protein that ultimately increased the nonpolar sites and 
facilitated the oil binding to the hydrocarbonchain.[32] On the other hand, germination of chickpeas 
resulted in the hydrolysis of starch granules which supported both oil and waterabsorption.[28] 

However, hydrolyzed starch in germinated flour samples has not caused a greater increase in OAC 
compared to WAC due to the more affinity of starch toward watermolecules.[31] The observations of 
WAC and OAC of flour blends align with the results of Singh et al.[33] for germinated sorghum flour 
and Jogihalli et al.[28] for roasted chickpeas.

Swelling power of flour blends

The SP of RCPF-WF blends and GCPF-WF blends was ranged from 5.07 to 5.07 g g−1 and 
5.15 to 5.95 g g-1, respectively (Table 3). Furthermore, SP of all the flour blends increased 
with the increased concentration of chickpeas in wheat flour. However, roasted chickpeas 
caused reduced SP compared to germination. The lower values of SP of RCPF may be due to 
the formation of insoluble compounds duringroasting.[28] Additionally, SP is an indicator of 
the degree of starch gelatinization, and during roasting, an increase in SP indicates the release 
of soluble polysaccharides from the starchgranule.[28] In addition, germination reduced the fat 
content of chickpeas, which ultimately provided a limited chance for the formation of starch- 
lipid complexes. Moreover, these complexes are responsible for the reduced SP of food
ingredients.[22] Another reason for the greater values of SP for germinated chickpeas might 

Table 3. Functional characteristics of various ratios of roasted chickpea flour (RCPF) and germinated 
chickpea flour (GCPF) mixed with wheat flour.

Samples

Swelling 
power 
(gg−1) Water absorption capacity %

Oil absorption 
capacity %

Wheat flour 4.76 ±0.11a 145.60 ±2.08c 153.03 ±2.05b

RCPF 10% 5.07 ±0.13b 159.92 ±2.32g 169.76 ±2.20g

RCPF 20% 5.38 ±0.15d 174.24 ±2.61h 186.49 ±2.25h

RCPF 30% 5.69 ±0.16f 188.56 ±3.15i 203.22 ±2.31i

GCPF10% 5.15 ±0.14c 150.12 ±2.52d 158.48 ±2.10c

GCPF 20% 5.55 ±0.17e 154.65 ±2.11e 163.93 ±2.15d

GCPF 30% 5.95 ±0.19g 159.18 ±2.15f 169.38 ±2.18f

RCPF 7.83 ±0.21h 143.21 ±1.93b 167.32 ±2.16e

GCPF 9.98 ±0.23i 113.21 ±1.21a 136.32 ±1.34a

The Duncan technique was used to determine the mean indicated by different letters in sub-script inside 
a column. The data was presented as the mean and standard deviation (n = 3).
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be possible due to the breakdown of polysaccharides into monosaccharides and increased 
proteinsolubility.[34] Sofi et al.[34] depicted similar findings of increased SP for germinated 
chickpeas.

Pasting properties

The effects of roasting and germination of chickpeas on the pasting properties of wheat flour 
are depicted in Table 4. The peak viscosity of GCPF-WF blends and RCPF-WF blends, which 
was related to the SP of starch granules (Table 2), increased from 1037.20 to 1272.04 BU and 
1037.20 to 1233.12 BU, respectively. Furthermore, the highest peak viscosity was observed for 
RCPF 30% (1233.2 BU) and GCPF 30% (1272.04 BU). In contrast, the lower peak viscosity 
was observed for RCPF 10% (1214.43 BU) and GCPF 10% (1263.61 BU). However, compared 
to roasted and germinated flour blends, the control sample (wheat flour) showed the lowest 
value of peak viscosity (1037.20 BU). Furthermore, roasting reduced the peak viscosity 
compared to germination. However, increased concentration of RCPF in the flour blends 
resulted in increased values of peak viscosities. Moreover, the lower values of peak viscosity 
observed after roasting might be due to the change in gelatinization and retrogradation 
temperatures of starch granules, which resulted in rupturing of starch granules, even at low 
water absorption. Thus, reducing the degree of polymerization duringgelatinization.[35] The 
pasting temperature of RCPF-WF blends declined from 61.13 to 59.47°C, indicating lower 
resistance toward swelling. In contrast, the pasting temperature of GCPF-WF blends was 
increased from 61.38 to 62.35°C. The fragility of starch granules can be assessed through 
the breakdown viscosity, and the results showed that roasted flour blends had lower values 
(ranging from 380.52 to 406.01 BU) compared to germinated flour blends (ranging from 
457.62 to 486.81 BU). Furthermore, the lower values of breakdown viscosity of RCPF-WF 
blends indicated that these flour blends were more resistant to shear-thinning duringcooking.
[36] The ability of the cooked paste to form a viscous paste during cooling, known as the final 
viscosity, was observed to range from 1548.03 to 1552.32 BU for roasted flour blends and 
1568.23 to 1589.32 BU for germinated flour blends. As the concentration of RCPF and GCPF 
increased in the flour blends, the setback viscosity, which is associated with the retrogradation 
of starch granules, significantly decreased. The decreased setback values indicated the higher 
resistance of roasted and germinated starch of chickpeas for rearrangement andreorientation.
[37] Kumar et al.[29] reported similar pasting properties for roasted and germinated black 
chickpeas. Furthermore, the trend of the pasting characteristics of the germinated flour blends 
was consistent with the values of germinatedmoong[38] and germinated riceflour.[39] While 
pasting properties for roasted flour blends were validated by Wani et al.[36] for pan and 
microwave-roasted chestnuts.

Table 4. Pasting characteristics of different proportions of roasted and germinated chickpea flour (RCPF and GCPF) added to wheat 
flour.

Samples
Gelatinization 

(BU)

Peak 
viscosity 

(BU)
Final viscosity 

(BU)
Break down 

(BU)

Setback 
viscosity 

(BU)

Pasting 
temperature 

(○C)

Wheat flour 24.21± 0.12a 1037.20 ± 10.32a 1542.12 ± 16.05a 378.31 ± 4.12a 479.17 ± 7.11g 57.32 ±0.13a

RCPF 10% 26.25± 0.18b 1214.43 ± 14.21b 1548.03 ± 16.13b 380.52 ± 2.30b 468.76 ± 5.49e 61.13 ±0.34d

RCPF 20% 30.23± 0.22d 1226.61 ± 15.10c 1551.42 ± 16.24c 388.25 ± 3.52c 454.65 ± 5.04c 60.23 ±0.30c

RCPF 30% 31.12± 0.30e 1233.12 ± 18.21d 1552.32 ± 16.40d 406.01 ± 4.21d 432.12 ± 4.11a 59.47 ±0.25b

GCPF 10% 30.16± 0.20c 1244.43 ± 15.21e 1568.23 ± 16.83e 457.62 ± 8.30e 472.21 ± 6.29f 61.38 ±0.38e

GCPF 20% 33.44± 0.41f 1263.61 ± 17.11f 1576.43 ± 17.14f 464.35 ± 7.52f 464.44 ± 5.41d 62.23 ±0.54f

GCPF 30% 34.40± 0.62g 1272.04 ± 19.01g 1589.32 ± 17.35g 486.81 ± 7.21g 452.32 ± 4.34b 62.35 ±0.61g

The Duncan technique was used to determine the mean indicated by different letters in subscripts inside a column. The data was 
presented as the mean and standard deviation (n = 3).
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Dough rheological properties

Table 5 represents the effect of incorporating various levels RCPF and GCPF in wheat flour on dough 
mixing properties. There was a continuous increment in WA (from 55.71 to 68.30% and 55.71 to 
67.92%) and stability time (from 8.58 to 10.24% and 8.58 to 9.70%) with the increased concentration of 
RCPF and GCPF in wheat flour, respectively. Moreover, the increased WA may be because of the 
existence of dietary fibers in flour blends. Saeed et al.(2020)[1] also stated similar observations of 
increased WA and stability when different ratios of black gram flour were added to wheat flour. The 
DDT of RCPF-WF and GCPF-WF blends was ranged from 6.23 to 8.44 min and 2.27 to 5.76 min, 
respectively. The DDT and DoS increased with the inclusion of RCPF and GCPF in wheat flour. The rise 
in WA of the dough resulted in increased values of DDT. In general, high WA indicates excellent baking 
performance. Furthermore, higher amount of protein in flour blends provides greater WA in combina
tion with excellent baking performance. Table 2 reveals the increased level of protein content in flour 
blends, which was correlated with the increased values of WAC and WA reported in Tables 3 and 5, 
respectively. However, wheat flour showed lower DDT, a lower DoS, and higher doughstability[2] than 
the different ratios of RCPF-WF blends and GCPF-WF blends. Furthermore, strong and firm dough 
formation is proportional to flour strength and dough stability. The higher the stability of dough, the 
more will be stronger the dough formation. Most importantly, ingredients that lack gluten protein or 
interfere with gluten formation result in a fragile or less firm dough due to weak gluten matrix
development.[3] The mixing profile of wheat flour can be affected by the addition of RCFP and GCPF 
because the concentration of fiber, protein, and polysaccharides in the mixture increased as the 
proportion of RCFP and GCPF increased. Moreover, the inconsistency observed in the mixing profile 
can be explained by the fact that RCFP and GCPF have different functional properties than wheat flour. 
Another possibility might be the higher values of farinograph quality number (FQN) for flour blends, 
which provided the dough strength and hardening effect. Thereby hindered DDT, DS, andDoS.40,41]

Antioxidants activities and bioactive compounds of flour blends and biscuits
The antioxidant activity of roasted and germinated flour blends and their biscuits samples are 

presented in Figure 1 (a and b), respectively. Germination significantly (P ≤ .05) affected the free 
radical scavenging activity of germinated samples (flour blends and biscuits). Furthermore, the 
percentage of radical scavenging activity increased with respect to the incorporation level of GCPF 
in wheat flour, which ranged from 5.12 to 84.21%. On the other hand, roasted flour blends also showed 
significant increase (P ≤ .05) in antioxidant activity (5.12 to 72.52%). However, compared to RCPF- 
WF blends, the radical scavenging activity of GCPF-WF blends demonstrated higher values of DPPH 
inhibition. Moreover, improvements in antioxidant activity might be caused by the increased levels of 
phenolic compounds and ascorbic acid due to the actions of endogenous hydrolytic enzymes during
germination.[34] Similarly, increased antioxidant activity during germination has been reported by Sofi 
et al.[34] for germinated chickpeas. In contrast to germination, roasted chickpeas depicted lower values 
of the phenolic compounds as they are heat labile. Generally, phenolic compounds are correlated with 

Table 5. Farinograph properties of wheat flour and different concentrations of roasted chickpea flour (RCPF) and germinated 
chickpea flour (GCPF) incorporated in wheat flour.

Sample
Water absorption 

%

Dough 
development 

Time (min)
Dough stability time 

(min)
Degree of softening 

(BU)
Farinograph quality 

number

Wheat flour 55.71 ±0.21a 2.87 ±0.04b 8.58 ±0.11a 35.32 ±0.20a 88.32 ±1.32c

RCPF10% 58.74 ±0.25c 6.23 ±0.12e 9.19 ±0.18d 48.70 ±0.25b 68.02 ±1.09a

RCPF 20% 62.45 ±0.30d 8.41 ±0.24f 9.27 ±0.25f 52.40 ±1.10d 107.11 ±2.13d

RCPF 30% 68.30 ±0.51g 8.44 ±0.22g 10.24 ±0.33g 58.30 ±1.31f 112.03 ±2.17e

GCPF 10% 57.60 ±0.20b 2.27 ±0.01a 8.73 ±0.13b 49.32± 1.10c 76.43 ±1.12b

GCPF 20% 64.50 ±0.33e 5.29 ±0.06c 9.11 ±0.15c 55.32 ±1.13e 129.10 ±2.24g

GCPF 30% 67.92 ±0.51f 5.76 ±0.08d 9.70 ±0.21e 60.32 ±1.43g 142.7 ±2.21f

The Duncan technique was used to determine the mean indicated by different letters in subscripts inside a column. The data was 
presented as the mean and standard deviation (n = 3).
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Figure 1. (a) Effect of incorporation of roasted chickpea flour (RCPF) and germinated chickpea flour (GCPF) in wheat flour samples on 
antioxidants and bioactive compounds (b) Effect of incorporation of roasted chickpea flour (RCPF) and germinated chickpea flour 
(GCPF) in biscuits samples on antioxidants and bioactive compounds. The error bars on each bar indicate the standard deviation (n =  
3). The mean values on each bar with different letters indicate significant differences (P ≤ .05), as determined by the Duncan method. 
The abbreviations used in the figure are as follows: DPPH stands for 1,1-Diphenyl-2-picryl-hydrazyl radical scavenging activity, FRAP 
stands for Ferric/Ferricyanide (Fe3+) reducing antioxidant power, TPC stands for Total phenolic content, and TFC stands for Total 
flavonoid content.
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the antioxidation of freeradicals.[28] Furthermore, decreased antioxidant activity during roasting has 
been reported by Joghilial et al.[28] for roasted chickpeas. The results of FRAP of flour blends and 
biscuit samples are reported in Figure 1 (a and b), respectively. FRAP value of flour blends and biscuit 
samples increased with the incorporation of RCPF and GCPF. The RCPF 30% and GCPF 30% showed 
the maximum reducing capacity. Control biscuit samples demonstrated the lowest reducing ability. 
The FRAP observations showed similar patterns for both RCPF-WF blends and GCPF-WF blends, as 
evidenced by equivalent DPPH inhibition. Additionally, the germinated flour exhibited higher FRAP 
values in comparison to the roasted flour. However, higher FRAP values were observed for all samples 
(flour blends and biscuits) compared to the DPPH inhibition. It could be because of the presence of 
compounds in the extracts of flour blends and biscuit samples not entirely reactive towards DPPH. For 
instance, antioxidant compounds like polyphenols of pre-treated chickpeas could have additional 
potential to act as a reducing agent for ferric iron but certainly may not be able to scavenge DPPH free 
radicals effectively. Similar observations of FRAP of black gram flour blends used as a fat replacer in 
biscuits samples were reported by Saeed et al.(2020).[22] The baking process further enhanced the 
DPPH inhibition and FRAP of biscuit samples formulated from pre-treated flour blends. The anti
oxidant potential of all the formulated biscuits samples (roasted and germinated) was significantly 
higher (P ≤ .05) than the control biscuits. The increased antioxidant activity of RCPF and GCPF 
incorporated biscuits was probably due to the existence of bioactive compounds such as vitamins, 
flavonoids, and phenols. Another reason was the formation of Maillard reaction products, i.e., 
melanoidins during baking, which act as antioxidants and scavenge-freeradicals.[42]

Phenolic compounds are proportional to the nutraceutical potential of any ingredient 
because they are antioxidants and secondarymetabolites.[22] The TPC of the flour blends 
significantly increased (P < .05) with the incorporation level of RCPF and GCPF (Figure 1). 
Biscuits prepared with RCPF 30% and GCPF 30% showed the highest TPC. Furthermore, the 
germinated samples (flour blends and biscuits) showed higher values of TPC than the roasted 
samples. The elevated TPC levels may be caused by endogenous enzymes triggered during 
germination, making bound phenolic acids readilyaccessible.[43,44] The Maillard end products 
produced during roasting and baking of RCPF-WF biscuits may be responsible for the 
antioxidantactivities.[25] However, the phenolic content of biscuit samples decreased during 
baking compared to their flour blends. Therefore, the reduction in antioxidant capacity 
compared to germination was attributed to reduced phenolic content during roasting, which 
cannot be compensated by Maillard reaction endproducts.[28] Moreover, roasting conditions 
led to the thermal degradation of bioactive compounds and decreasedTPC.[28] The observa
tions of the present study were comparable with the reported values of TPC for roasted
chickpeas.[28] Flavonoids are a broad group of phytochemicals with medicinal properties 
(Saeed et al., 2020). The TFC of RCPF-WF blends and GCPF-WF blends and their biscuit 
samples are illustrated in Figure 1a, b, respectively. The TFC in flour blends and biscuit 
samples increased with the level of addition of RCPF and GCPF. In comparison, control 
samples (flour blends and biscuits) showed the lowest values of TFC. Moreover, the highest 
TFC was found in germinated flour blends and their biscuit samples, whereas roasted flour 
blends and their biscuit samples exhibited lower values. These bioactive compounds have high 
antioxidant activities, which further increase during germination with the ability to chelate 
metal ions, thereby lower oxidative stress in the humanbody.[45] Different cooking techniques, 
such as roasting and baking, have significant (P ≤ .05) impact onTFC.[46] The TFC significantly 
decreased (P < .05) for the constant roasting temperature of the following incorporation level: 
30% > 20% > 10%. According to Mir et al.(2016)[47] and Gujral et al.,[48] TFC content was 
reduced after the roasting of brown rice and oats, respectively. The lower TFC values of the 
RCPF-WF blends and their biscuit samples might be attributed to the byproducts of Maillard 
reaction generated during baking and the loss of heat-sensitive flavonoids duringroasting.[49] 

However, TFC was increased in biscuit samples prepared from RCPF and GCPF compared to 
their flour blends.
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Microstructure of biscuits
Figure 2. Illustrates the microscopic surface morphology of control and fat replaced biscuit samples. 
Fig (S) represents the SEM of biscuit samples at 800X magnification. Figure 2(a) shows the micro
scopic image of control biscuits with starch granules and well-developed gluten network. Figure 2(b) 
represents the micrographs of RCPF 10%, in which starch granules entrapped in the protein matrix 
can be observed. Furthermore, images of RCPF 20% (Figure 2c) and RCPF 30% (Figure 2d) depicted 
coated starch granules trapped in disrupted protein matrix, and protein bodies of RCPF. The 
continuity and coherence of the protein matrix appeared prominently disrupted in Figure 2(d) than 
in the micrograph of Figure 2(c). The decrease in the development of the gluten network or protein 
matrix was due to the fact that there was insufficient hydration of gluten protein, as RCPF has high 
water absorptioncapacity.[25] Therefore, endosperm fragments persist unchanged in the resulting 
biscuits. Moreover, the internal texture of biscuit samples appeared rough as the amount of lubricating 
fat decreased with the substitution level of fat replacement. However, Figure 2(b, c) resembled the 
micrograph of control biscuits (Figure 2a). Similar observations have been reported by Rajiv et al. 
(2012) for biscuit samples incorporated with green gram flour. Figs. 2(e-g) represents the micrographs 
of biscuit samples made from different levels of GCPF. These micrographs show the morphological 
characteristics of gelatinized starch contents of wheat flour, GCPF, and the development of continuous 
sheet-like structures covering these gelatinized starch. Furthermore, the small and large protein 
molecules can be visualized in Figure 2(e-g). In addition, the appearance of protein bodies and 
protein-like structures increases in the images (Figure 2e-g) as the level of GCPF increases in biscuit 
samples. The reason for the higher number of protein bodies in GCPF-WF biscuits was due to the 
higher protein content of GCPF (20.20%) compared to refined wheat flour (9.80%) (Table 2). 
Furthermore, the baking process gelatinized the starch granules, which ultimately led to the develop
ment of a continuous matrix of gelatinized starch that may resemble the proteinmatrix.[42] However, 
due to the higher protein content of GCPF, all the gelatinized starch contents of wheat flour and GCPF 
were covered with a continuous sheet-like structure of proteins. Therefore, Figure 2(a, e, f) resembled 
each other. The images obtained from microscopic analysis of biscuit samples provided additional 
evidence that the germination process had an impact on the structure, integrity, and interaction of 
flour components. Specifically, the enzymatic breakdown triggered by α-amylase caused distortion 
and irregularity on the surface of each starch granule. Furthermore, these disoriented starch granules 
promoted their association with proteinmatrix.[50] Similar observation has been reported by Singh 
et al.[50] for composite flour biscuits produced from germinated triticale, kidney bean, and chickpea.

Dimensional and textural analysis
The dimensional characteristics of fat replaced biscuits with different levels of RCPF and GCPF are 
represented in Table 6. The diameter values of RCPF-WF biscuits and GCPF-WF biscuits were ranged 
from 53.40 to 54.45 mm and 51.74 to 54.38 mm, respectively. The spread ratio of these biscuit samples 
were varied from 5.10 to 6.23 mm and 4.25 to 6.08 mm, respectively. In comparison, the diameter and 
spread ratio of control biscuits was 55.33 mm and 6.18 mm, respectively. However, the diameters of 
RCPF 10%, RCPF 20%, and control biscuits were not differed significantly (P > .05). Similarly, the 
diameter of GCPF 10% and control biscuits were not significantly different (P > .05) from each other. 
Moreover, the spread ratio of RCPF 10% and control biscuits were statistically similar (P˃0.05). 
Furthermore, the values of diameter and spread ratio were decreased with the increased concentration 
of RCPF and GCPF in biscuit samples. The thickness of biscuit samples increased with the level of fat 
replacement. The mechanism involved in the reduction of diameter and spread ratio of biscuits might 
be due to the increased numbers of hydrophilic sites and water-soluble protein in GCPF, which 
competes for the available limited free water in biscuitsdough.[51] Furthermore, less availability of free 
water during dough mixing increased dough viscosity, which ultimately leads to decreased values of 
diameter and spreadratio.[51] Moreover, literature revealed that the diameter and spread ratio is 
affected by the partial enzymatic degradation of starch content during germination. Therefore, the 
germination process resulted in increased concentration of dextrins in GCPF, which further enhanced 
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Figure 2. SEM of biscuits prepared with roasted chickpeas flour (RCPF) and germenated chickpea flour (GCPF) [Magnification 1000×] 
(a) 0% RCPF/0% GCPF/ Control (b) 10% RCPF (c) 20% RCPF (d) 30% RCPF (e) 10% GCPF (f)20% GCPF (g) 30% GCPF.
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the water absorption ability of dough and reduced biscuits spread ratio anddiameter.[52] Similarly, 
Patel and Rao et al.(1995)[53] showed the decreased value of diameter and spread ratio of roasted and 
germination black gram flour-biscuits samples. Another study demonstrated similar findings of 
reduction in values of diameter and spread ratio of germinated lupine flour-biscuitssample.[54]

Texture profiles of roasted and germinated biscuit samples are reported in Table 3. The texture of 
biscuit samples was determined to measure the hardness level, i.e., breakability. The hardness of 
biscuit samples increased with the level of fat replacement. The hardness value of RCPF 10%, RCPF 
20%, and RCPF 30% was observed as 11.46, 15.14, and 23.47, respectively. RCPF 30% showed the 
highest value of hardness (23.47) among all the biscuit samples. However, the hardness value of RCPF 
10% and RCPF 20% was not significantly different (P˃0.05) from the control biscuits. Similar pattern 
of increase in hardness with the increased concentration of GCPF in biscuit samples was observed. 
Therefore, GCPF 30% showed the highest value of hardness (20.92). While the texture properties of 
GCPF 20% and control biscuits were not differed significantly (P˃0.05). The lower level of gluten 
content due to fat replacement with RCPF and GCPF caused the development of weak gluten network, 
which affected the hardness ofbiscuits.[55] Furthermore, significant increase in the hardness (P < .05) 
of biscuits samples was most likely due to the higher fiber contents of RCPF andGCPF.[25] Conversely, 
roasting increased the degree of hardness of fat replaced biscuits to a greater extent than germination. 
It may be attributed to the reduced moisture content of RCPF, which increased the concentration of 
starch, protein, andfiber.[14] These observations revealed that the texture of biscuits is strongly 
influenced by the presence of fat, with a decrease in the amount of fat leading to harderbiscuits.[42] 

In addition, solid fat crystals coat the gluten protein during kneading, preventing the development of 
an extended gluten network, facilitating the lubrication of flour components, and resulting in desired 
soft texturedbiscuits.[42] Similar observations have been reported by Saeed et al.[22] for the fat 
replacement in biscuit samples with black gram flour.

Color analysis of biscuits
Color is one of the most important parameters which mainly attract the acceptance rate of consumers. 
Colour parameters significantly (P < .05) varied with the roasting and germination process. Figure 3 (a 
and b) presented the effect of roasting and germination of chickpeas on biscuit samples, respectively. 
From Figure 3(a), it can be seen that as the concentration of RCPF increases in biscuits samples L* 
value decreases. The decrease in L* value was due to the development of dark color duringroasting.[29] 

Similarly, a* and b* values of biscuit samples decreased. It could be due to the formation of Maillard 
reaction end products during roasting and baking which promoted the deep colour ofbiscuits.[56] In 
comparison, the germination process showed the higher L* value than the roasting (Figure 3b). 
However, L* value decreased with the increased level of GCPF in biscuits samples. Furthermore, 
GCPF 10% and GCPF 30% showed the lowest and highest values of lightness (L*), respectively. 
Furthermore, GCPF-WF biscuits showed higher a* values than the control biscuits. The characteristics 
differences observed for the color values of GCPF-WF biscuits were probably the result of increased 
Maillard browning reactions, which occur due to the higher concentration of free amino acids and 
sugars released by enzymes during the germinationprocess.[29] Although GCPF-WF biscuits did not 

Table 6. Effect of roasted chickpea flour (RCPF) and germinated chickpea flour (GCPF) as fat replacers on dimensional and textural 
properties of biscuits.

Parameters Control RCPF 10% RCPF 20% RCPF 30% GCPF 10% GCPF 20% GCPF 30%

Diameter (mm) 55.33 ±1.10ed 54.45 ±1.06d 54.22 ±1.01d 53.40 ± 0.93c 54.38 ± 1.03d 53.34 ±0.88b 51.74 ±0.51a

Thickness (mm) 9.19 ±0.32d 8.73 ±0.20a 8.82 ±0.24b 10.47 ± 0.40f 8.93 ±0.27c 10.21 ±0.36e 12.16 ±0.52g

Spread ratio 6.18 ±0.10df 6.23 ±0.14f 6.14 ±0.12e 5.10 ±0.13b 6.08 ±0.14d 5.22 ±0.12c 4.25 ±0.13a

Breaking force (N) 15.19 ±0.25a 15.11 ±0.21a 15.14 ±0.24a 23.47 ± 0.30 th 12.82 ±0.30b 15.17 ±0.23a 20.92 ±0.42c

The Duncan technique was used to determine the mean utilizing different letters in subscript inside raw. Statistical data were 
reported in terms of the mean and standard deviation values, based on a sample size of three (n = 3). Where, Control; biscuits 
without fat replacement.
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achieve the same level of color and intensity as observed for RCPF-WF biscuits. It could be attributed 
to a slight decrease in the quantity of reducing sugars and free amino acids, which might have been 
caused by the removal of water during the steam blanching procedure whilebaking.[22] Similar 
observations have been reported by Kumar et al.[29] for roasted and germinated black chickpeas.

Nutritional properties of biscuits
Nutritional analysis of biscuit samples formulated from RCPF and GCPF is reported in Table 7. The 
moisture content of RCPF-WF and GCPF-WF biscuits was ranged from 2.76 to 4.88% and 3.06 to 
5.69%, respectively. Furthermore, the increase in moisture content was due to the increased concen
trations of dietary fibers and protein contents in biscuit samples which contributes to water absorp
tion. Moreover, the ash content of biscuit samples was also increased with the level of fat replacement. 
While fat content of biscuit samples decreased when replaced with RCPF and GCPF. Furthermore, the 
fat content of biscuits formulated from RCPF and GCPF was ranged from 14.02 to 17.21% and 11.32 to 
16.01%, respectively. The increase in ash content of biscuit samples was correlated with the increased 
concentration of minerals (Saeed et al., 2021). The carbohydrate content of RCPF-WF biscuits was 
varied from 59.34 to 64.55%. The protein content of biscuit samples increased from 11.23 to 24.41% 
(GCPF) and 11.23 to 21.41% (RCPF). The increase in protein content of biscuit samples might be due 
to the higher protein content of RCPF and GCPF. Similarly, the increase in fiber content of biscuit 
samples might be due to the higher crude fiber contents in chickpea flour. Furthermore, GCPF-WF 
biscuits showed higher protein, dietary fiber, and ash contents than RCPF-WF biscuits. Furthermore, 
calories of biscuit samples (RCPF and GCPF) were decreased with the level of fat replacement. 
However, chickpeas contain essential fatty acids, i.e., Linoleic acid, which helps in the synthesis of 
prostaglandin in human body during its metabolism. Prostaglandin lowers blood pressure and 
controls the contraction of smoothmuscles.[57] Biscuits formulated from RCPF 30% (449 kcal/100  
gm) and GCPF 30% (444 kcal/10 gm) showed lower calories than other biscuit samples. On the other 
hand, the highest calories were observed for control biscuits (518 kcal/100 gm) without fat replace
ment. Similar observations of nutritional analysis were reported by Sibian and Riar.(2020)[58] for 
germinated chickpea biscuits.

Sensory analysis
Figure 4 (a and b) depicted the effect of incorporation of RCPF and GCPF as a fat substitute on 
the sensory properties of biscuit samples, respectively. The observations revealed that with the 
increased level of GCPF in biscuit samples, the sensory scores for taste, texture, color, and 
appearance of biscuits decreased. However, the biscuits prepared by substituting GCPF 10% were 
similar to control biscuits with respect to color, taste, appearance, texture, and overall accept
ability. Increasing the concentration of GCPF above 10% resulted in significant decrease (P < .05) 
in the sensory scores. While up to 20% incorporation level of RCPF in biscuit samples demon
strated more excellent sensory scores than control biscuits. The roasting process enhances the 
sensory profile of biscuits samples. Furthermore, color is an essential parameter in determining 
baked food products because it reflects the consumer’s acceptance and provides information 
about the formulation and quality of the end product. The roasting process produced desirable 
color profile of RCPF-WF biscuits. Higher concentrations of RCPF 30% and GCPF 30% resulted 
in the darker color of biscuit samples which might be possible due to the increased rate of 
Millard reaction during the baking process because of the high sugar and protein content. 
Furthermore, the texture of the biscuits samples was significantly (P ≤ .05) affected by the level 
of fat substitution. Another reason for the increased hardness values of biscuits samples was due 
to the increased concentration of starch and non-starch contacts, i.e., fibers and proteins and 
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their resulting interactions with each other, which developed firmetexture.[26,59] Biscuit samples 
prepared from RCPF 30% and GCPF 30% showed the lowest sensory score of 7.63 and 7.13 for 
texture, respectively. In comparison, RCPF 20% (8.46), GCPF 10% (8.21), and GCPF 20% (8.20) 
received greater scores for textural value. Results revealed that RCPF 20% (8.87) had a higher 
score for taste then than control biscuits (8.71). In contrast, sensory score of the taste of biscuits 
formulated from GCPF 10% (8.74) was higher than the control. The substitution of fat content 
beyond 10% of GCPF resulted in an unpleasant mouthfeel and undesirable aroma. The above 

a

b

Figure 3. (a) Effect of incorporation of roasted chickpea flour (RCPF) in biscuits samples  (b) Effect of incorporation of germinated 
chickpea flour (GCPF) in biscuits samples. Error bars on each bar represent standard deviation (n=3). The Duncan technique was used 
to determine the means that have distinct letters in subscripts on each bar which differ significantly (P ≤ 0.05). Where, *Control; 
biscuits without fat replacement.
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Table 7. Effect of fat substitution with roasted chickpea flour (RCPF) and germinated chickpea flour (GCPF) on the nutritional profile 
of biscuits.

Parameters Control RCPF 10% RCPF 20% RCPF 30% GCPF 10% GCPF 20% GCPF 30%

Moisture content (%) 3.18 ± 0.12c 2.76 ± 0.14a 3.48 ± 0.10d 4.88 ± 0.11e 3.06± 0.12b 4.28± 0.15f 5.09 ± 0.17g

Ash (%) 0.54 ± 0.01a 1.84 ± 0.03b 2.28 ± 0.01d 2.83 ± 0.02e 1.94 ± 0.02c 2.67 ± 0.02f 3.03 ± 0.04g

Protein (%) 11.23 ± 0.10a 14.82 ± 0.12b 18.02 ± 0.11e 21.41 ± 0.15f 15.21 ± 0.13c 19.30 ± 0.15d 24.41 ± 0.19g

Fat (%) 24.11 ± 0.20g 17.21 ± 0.14f 15.01 ± 0.10d 14.02 ± 0.21c 16.01 ± 0.14e 13.11 ± 0.10b 11.32 ± 0.21a

Crude fiber (%) 0.21 ± 0.26a 0.58 ± 0.20b 0.96 ± 0.11d 1.30 ± 0.21f 0.88 ± 0.23c 1.22 ± 0.15e 2.30 ± 0.27g

Carbohydrate (%) 63.91 ± 0.80d 64.55 ± 0.42f 63.13 ± 0.57e 59.34 ± 0.64b 65.96 ± 0.32g 63.70 ± 0.51c 58.94 ± 0.24a

Energy (Kcal/100 g) 518 472 460 449 469 450 444

The Duncan technique was used to determine the mean utilizing different letters in subscript inside raw. The data are presented as 
the mean and standard deviation (n = 3). The values are presented on a dry weight basis Where, Control; biscuits without fat 
replacement
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Figure 4. (a) Effect of roasted chickpea flour (RCPF) on sensory properties of biscuits. Where, Control*; biscuits without fat 
replacement (b) Effect of germinated chick pea flour (GCPF) on sensorial properties of biscuits. Where, *Control; biscuits without 
fat replacement.
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findings agreed with the observations of Sibian and Riar.(2020)[58,59] for germinated chickpea 
flour substituted biscuits and Patel and Rao.(1995)[53] for roasted and germinated black gram 
flour substituted biscuits.

Conclusion

Bakery products are constantly growing, and biscuits are one of them which are recognized 
and consumed around the world. Therefore, developing baked items with low calories and 
nutraceutical characteristics may appeal to customers who are highly concerned about their 
food choices. The present research demonstrated the effect of incorporating RGPF and GCPF 
on the techno-functional properties of wheat flour and as fat replacer on the quality attributes 
of biscuit samples. The results showed that adding RCPF and GCPF to wheat flour resulted in 
desirable biscuits with no adverse effects on the functional properties of wheat flour. 
Moreover, the results suggested that increased levels of RCPF and GCPF in flour blends 
improved the functional properties of wheat flour. The proximate analysis interpreted that 
GCPF blends showed higher concentrations of protein, crude fiber, and ash content than 
RCPF blends. Biochemical analysis revealed that adding RCPF and GCPF to wheat flour and 
biscuit samples enhanced antioxidant activities, flavonoid, and phenolic contents. Moreover, 
biscuits prepared from RCPF 20% and GCPF 10% depicted satisfactory dimensional, textural, 
and sensory characteristics. The current study revealed that RCPF and GCPF could produce 
consumer-acceptable fat-replaced biscuits with high protein, fiber, antioxidants, and bioactive 
compounds with nutraceutical properties. Hence, it is possible to say that many diseases like 
hypertension, diabetes, cancer, and others can be prevented by including these kinds of fat- 
replaced functional foods in the diet.
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