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Abstract
High fat intake is associated with various health disorders. Therefore, there have been continued efforts to reduce the fat 
content in food products and replace it with various fat replacers. In the present study, the effect of black gram (Vigna 
mungo) flour (BGF) as a fat replacer in biscuits at different concentrations (10, 15, 20, 25, and 50% w/w) was explored. 
The proximate functional, rheological, microstructural, phytochemical, antioxidant, nutritional, and sensory properties of 
the flour and biscuits samples were evaluated. The inclusion of BGF in the formulation of biscuit altered dough rheology 
significantly (P ≤ 0.05). The gluten content of the flour blends decreases with the addition of BGF, while the increased 
water absorption (145.60–162.24%) increases in the gluten development time, and it was increased from 1.67 min for 
control (without BGF) to 11.50 min for 50% BGF substitution. Furthermore, the addition of BGF resulted in a significant 
(P ≤ 0.05) decrease in setback (958–162 cP) and breakdown (7561–894 cP) viscosities. The scanning electron microscopy 
of biscuits dough elaborated after fat replacement at different levels showing that evenly distribution of starch granule 
was disrupted, and the gluten matrix was often ruptured. Total phenolic content (TPC) and total flavonoid content (TFC) of 
flour samples increased from 16.73–177.16 mg Gallic acid/100 g dw and 18.56–421.60 mg Catechin/100 dw, respectively. 
Baking decreased the TPC, whereas TFC was increased in comparison to flour blends. Similarly, biscuits also showed an 
increment in their antioxidant activity. The crude fiber and protein contents of BGF-WF (Wheat flour) biscuits improved 
from 0.21 to 3.01% and 15.20 to 26.85%, respectively. Sensory and textural performance exhibited that the biscuits 
were acceptable for fat replacement up to 15% BGF. Based on this study, BGF may be promoted and commercialized 
as a highly antioxidative and nutritive edible flour, which can be prospectively used in the development of natural fat 
replacers, nutraceuticals, and functional foods. The current approach also enhances the economy of legumes processing 
industries by providing value to BGFs.
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1 Introduction

The demand for functional food products is gaining sig-
nificant attention from consumers due to their health-
promoting benefits [1]. Generally, biscuits are widely 
used as snacks to overcome short-term energy depletion. 
Consuming functional biscuits may have added health 
benefits for consumers, such as recommended daily 
intake (RDI) fulfillment, improving general wellbeing, and 
minimizing the consumption of nutritional supplements. 
Moreover, biscuits available in the market are generally 
manufactured from all-purpose wheat flour and hence 
lack essential amino acids, fatty acids, vitamins, miner-
als, and dietary fibers [2]. Furthermore, bakery products, 
including biscuits, are rich in fat content [3]. Fat in biscuit 
formulations has a multifaceted function and is a principal 
ingredient responsible for softness, keeping quality, flavor, 
and texture of biscuits [4]. On the other hand, consump-
tion of a high amount of fat is linked with many health 
issues such as high blood cholesterol, cardiovascular dis-
eases, diabetes, cancer, and obesity [2]. Therefore, there 
is a need to replace fat with an ingredient which can also 
improve the quality and nutritional value of biscuits.

Fat replacers or fat mimetics are may be carbohydrate, 
protein, and fiber-based. A variety of fat replacers are avail-
able, such as the modified starches, celluloses, cellulose 
derivatives, microcrystalline cellulose, gelatin, pectin, 
gums, dietary fibers, micro-particulate proteins and, etc. 
[5]. However, all of them perform similar functions as fat 
in a food system [6]. The functions of fat mimetics in a food 
system include diverse type activities, such as they pro-
vide flavor, palatability, tenderness, creaminess, viscosity, 
opacity, lubricity, resistance to other than fat-molecular 
interactions, ingredients coating, etc. [7]. Some of these 
properties of fat mimetics are responsible for weak gluten 
network, which is desirable in biscuits manufacturing. The 
unique function of the fat is to impart flavor; however, fat 
mimetics do not provide flavor similar to fat and generally 
have more excellent water absorption. Therefore, emulsi-
fiers are required in case of the incorporation of lipophilic 
flavor in the product [8]. The high caloric density of fat 
(9 kcal/g) develops satiety in foods, the feeling of satiety is 
achieved by the diet rich in fibers as fibers have the ability 
to absorb the excess of water and swells, providing a sense 
of fullness after the meal which is considered as one of the 
attributes of fibers to mimic fat.

Black gram (BG), also known as Vigna mungo, belonging 
to the Leguminoseae family, is widely used in Pakistan as a 
therapeutic ingredient [2]. The BG contains lesser amount 
of fat (5.13%) and a significant quantity of dietary fibers, 
proteins, vitamins, and minerals [9]. Furthermore, polar 
compounds in BG generates lubricity and creaminess in 

bakery products similar to those found in full-fat products 
[10]. In contrast, the presence of the non-polar compounds 
provides functional characteristics of fat to BG, such as 
lipid-soluble flavor carrying capacity [10]. Polysaccharides 
like gums, starches, pectin, and cellulose are capable of 
binding water and, therefore, can serve as thickeners or 
gelling agents and therefore as fat replacers in foods in 
view of the fact that high viscosity and gel formation are 
the desired properties in a fat substitute [11]. Some of the 
components of BG possess functional properties such as 
the aqueous solubility, swelling, water binding, foaming, 
gelation, and emulsifying capacity [9] which may make it 
a good fat mimetic in food products.

In search of fat-replacer, Roman et al. [12] incorporated 
emulsifiers containing wheat flour paste in cake formula-
tion. Polydextrose, maltodextrins, and simplesse were also 
investigated to replace fat in biscuits [13]. Peanut butter 
biscuits were manufactured by Adair et al. [14], which 
contained mung bean as a fat replacer. Rankin and Bing-
ham [15] utilized pureed white bean as a fat substitute 
in the biscuits. The present study is first of its kind where 
BG flour (BGF) was evaluated as a fat replacer in biscuits 
by characterizing rheological, functional, physicochemi-
cal, morphological, textural, dimensional, nutritional and 
sensory features.

2  Materials and methods

2.1  Collection of raw materials

Commercial wheat flour (WF) was received from Graib 
Sons Private Limited, Karachi. Icing sugar, black gram (BG) 
seeds, whole fresh egg, and salt were purchased from the 
local market of Karachi. Semi-solid fat (banaspati ghee/
shortening/ partially unsaturated fat) was purchased from 
Paracha Mills Ghee Textile Unit, Karachi. Glucose, baking 
powder, and soy lecithin were obtained from Sulop Chemi-
cals located in Karachi.

2.2  Chemicals

All chemicals used for the study were analytical reagent 
grade procured from Dae-Jung Chemicals, South Korea 
and Sigma-Aldrich, Germany.

2.3  Preparation of Black gram flour and BGF‑WF 
blends

The whole BG seeds were sorted manually to eliminate 
the impurities and foreign material. Pretreatment was 
applied to whole BG seeds to deactivate enzymes. Whole 
BG seeds were heated at 88 °C for 10 min in a hot-air oven 
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(DSO-300 D, digisystem laboratory instruments, Taiwan). 
Ajila and Rao [16] had demonstrated that 80 °C dry heat for 
10 min inactivated different enzymes found in BG extracts. 
About 5 kg whole BG seeds were milled in a laboratory 
hand miller (3100, Perten Instruments) and sieved under 
60 μ mesh screen (Fig. 1). The BGF was added to wheat 
flour (WF) in 10, 15, 20, 25, and 50% (w/w) concentrations, 
which covers the standard range of fat contents used in 
biscuits. Sample flour contained various WF to BGF ratios 
indicated as BGF-WF blends.

2.4  Proximate composition of flour

Moisture, ash, and protein content of different concentra-
tions of BGF incorporated in wheat flour, were analyzed 
according to the AACC Method [17]. Wet gluten (WG), dry 
gluten (DG), gluten index (GI), and total gluten content 
(TGC) were estimated by Glutomatic (2200, Perten Instru-
ments, USA) according to the AACC Method [17]. Each 
sample was tested in triplicate for proximate analysis.

2.5  Functional properties of flour blends

2.5.1  Swelling power

Abebe et al. [18] method was used for the estimation of 
swelling power (SP) of flour blends. Approximately 1 g of 
the flour was added along with the 10 mL of distilled water 
in a centrifuge tube (20 mL). The blend was then heated for 
30 min at 80 °C in a water bath. After cooling at room tem-
perature, the tube was centrifuged for 15 min at 1000×g, 
and then subsequent paste was determined for SP.

The SP was calculated from the following formula:

(1)
Swelling power = Weight of the sediment paste (g)∕

Weight of dry sample (g)

2.5.2  Water absorption and oil binding capacities

Water absorption capacity (WAC) and oil binding capacity 
(OBC) were determined as proposed by Abebe et al. [18]. 
For WAC, distilled water (10 mL) was mixed with flour (1 g), 
vortexed for 2 min, and finally centrifuged at 2200×g for 
20 min. The supernatant was decanted, and the residual 
pellets were weighed and analyzed for WAC. The same 
procedure was done to determine the OBC by using soya 
bean oil (10 mL).

2.5.3  Emulsion capacity and stability

Emulsion capacity (EC) and stability (ES) were evaluated 
by using the method of Yasumatsu et al. [19]. 1 g of sam-
ple, deionized water (5 mL) and soya bean oil (5 mL) was 
added. Vortexed for a min, homogenized for 2 min and 
centrifuged at 1100×g for 5 min. The volume of the emulsi-
fied phase and total contents of the tube were measured. 
The EC was calculated as follows:

The same sample was used for both EC and ES analysis. 
Briefly, the sample was placed in a water bath at 80 °C for 
30 min, followed by cooling under running tap water for 
15 min and then centrifuged at 2000×g for 15 min. ES was 
quantified as follows:

2.5.4  Solvent retention capacity (SRC)

Solvent retention capacities of flour samples were evalu-
ated by AACC Method 56-11 [17]. The calculated amount 

(2)

Emulsion Capacity%

=
Volume of the emulsified layer

Total volume of sample in the centrifuge tube
× 100

(3)

Emulsion Stability%

=
Volume of remaining emulsified phase

Original emulsion volume before heating
× 100

Fig. 1  Whole Black gram seeds 
and its flour
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of flour samples weighted in 50 mL centrifuge tubes. Then, 
an appropriate amount of the respective solvent such as 
deionized water, sucrose solution 50% (w/w), sodium 
carbonate solution 5% (w/w), and lactic acid solution 5% 
(w/w) were added separately to each tube. The mixtures 
were shaken vigorously for 5 s at intervals of 5, 10, 15, 
and 20 min. After 20 min, the tubes were centrifuged at 
1000×g for 15 min. Supernatant decanted, and tubes were 
kept at 90° angle for 10 min on a paper towel. The weight 
of the gel was then determined.

SRC% was calculated using the following formula:

2.6  Empirical rheological methods

2.6.1  Dough rheological properties during mixing

The effect of different concentrations of added BGF on the 
rheological properties of WF was studied using a Farino-
graph (300 g mixer bowl, Brabender OHG, Duisburg, Ger-
many), as per the AACC Method 54-21 [17]. The param-
eters measured included water absorption (WA), dough 
development time (DDT), dough stability time (DST), and 
farinograph quality number (FQN).

2.6.2  Dough viscometric properties

The pasting properties were analyzed by Micro Visco-
Amylo-Graph (Brabender, Duisburg, Germany) according 
to the AACC Method 22-10 [17]. The heating and cooling 
cycles of the instrument were adjusted and maintained at 
50 °C for 1 min after sample loading, followed by increas-
ing temperature to 95 °C within 7.5 min. The samples were 

(4)

SRC% =
[

(gel weight (g)∕flourweight (g)) − 1
]

×
[

86∕(100 − flourmoisture)
]

× 100

kept for 5.5 min at 95 °C and cooled to 50 °C in 7.5 min 
[20]. The parameters measured for each sample included 
the average values for peak, final, trough, breakdown, and 
setback viscosities.

2.7  Micromorphology of biscuits dough

The microstructure of biscuit dough was evaluated as 
described by Ali et al. [20]. Briefly, freeze-dried dough sam-
ples were cut transversally into slices with a sharp blade. 
After dehydration, the specimens were coated with gold 
in an ion coater up to 300 Å using a smart coater with an 
ion sputtering device (model JFC-1500, Tokyo, Japan) and 
energy-dispersive X-ray spectroscopy detector (model 
EX-54175JMU, JEOL, Tokyo, Japan). The micromorphol-
ogy was observed with a Scanning Electron Microscope 
(JSM-6380A, JEOL, Tokyo, Japan) at the Centralized Science 
Laboratories, University of Karachi, Pakistan.

2.8  Biscuit preparation

Functional biscuits were prepared by partially replacing 
fat [10, 15, 20, 25, and 50% (w/w)] with BGF. The biscuit 
formulations are presented in Table 1. Biscuit samples were 
prepared as reported by Ali et al. [20]. Briefly, the dough 
was prepared by creaming fat and sugar in a dough mixer 
(Kenwood KM240SI, UK) for 3 min, then egg along with 
soy lecithin were added to the mixer and further mixed 
for 5 min. Commercial wheat flour, salt, baking powder, 
and glucose were homogeneously mixed separately and 
then added to the mixture and mixed along with water 
for 3 min to obtain the biscuit dough. The dough was 
sheeted at a uniform thickness of 7.2 mm and cut into cir-
cular shapes using a biscuit cutter having a fixed diameter 
of 36.3 mm. About 25 biscuits were made per batch, and 
each batch was formulated in triplicate.

Table 1  Formulation of biscuits 
samples

Ingredients (g/100 g) Level of fat replacement

Control 10% BGF 15% BGF 20% BGF 25% BGF 50% BGF

All-purpose wheat flour (g) 100 100 100 100 100 100
Fat/shortening (g) 40 36 34 32 30 20
Icing sugar(g) 40 40 40 40 40 40
Baking powder (g) 2 2 2 2 2 2
Egg (g) 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
Salt (g) 1 1 1 1 1 1
Glucose (g) 0.5 0.5 0.5 0.5 0.5 0.5
Distilled water (mL) 18 22 24 26 28 36
BGF (g) – 04 06 08 10 20
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2.9  Antioxidant activity and phytochemicals

For antioxidant activity, control (WF and its biscuits), BGF-
WF blends, and BGF-WF biscuits were dissolved in meth-
anol at concentrations 60, 125, 185, and 250 mg mL−1. 
Samples were vortexed for 2 min and sonicated in an Ultra-
sonicator (SONOREX RK 31, Bandelin Electronic KG, Berlin, 
Germany) for 30 min. The homogenates were centrifuged 
at 1500×g for 5 min, and the final extracts were collected 
in the form of supernatant [21].

2.9.1  Free radical scavenging activity by 2, 
2‑Diphenyl‑1‑picryl‑hydrazyl

The technique mentioned by Fan et al. [22] with slight 
modification was used to determine the antioxidant 
activity of control, BGF-WF blends and BGF-WF biscuits. 
Briefly, 2, 2-diphenyl-1-picrylhydrazyl (DPPH) solution was 
prepared by dissolving 33.9 mg DPPH in 100 mL of metha-
nol. Previously prepared samples (1 g) were mixed with 
DPHH (1 mL) and kept in the dark for 30 min. Absorbance 
(Abs) values were estimated at the wavelength of 517 nm 
using a spectrophotometer (Perkin Elmer, Lambda 25, 
and UV-Vis Spectrophotometer). The  IC50 value (mg/mL) 
of samples was obtained by interpolation from the linear 
regression analysis.

The scavenging activity was determined as follows.

2.9.2  Ferric/Ferricyanide (Fe3+) reducing antioxidant 
power

Ferric/Ferricyanide (Fe3+) reducing antioxidant power 
(FRAP) was analyzed by the method of Oyaizu [23], with 
slight modification, as adapted by Gawlik et al. [24]. The 
Perl’s Prussian color formation was measured at an Abs of 
700 nm using a spectrophotometer (Perkin Elmer, Lambda 
25, and UV-Vis Spectrophotometer). An increase in Abs 
value demonstrated increased antioxidant activity.  IC50 
values (mg/mL) of samples were also determined.

2.9.3  Total phenolic content

Total phenolic content (TPC) of BGF-WF blends and BGF-
WF biscuits were determined using Folin–Ciocalteu rea-
gent, as described by Salar and Purewal, [25]. The Abs of 
the extracts was recorded at 765 nm by using a spectro-
photometer (Perkin Elmer, Lambda 25, and UV-Vis Spec-
trophotometer) against blank, and results were expressed 
as milligram Gallic acid equivalent/100 g (mg GAE/100 g) 

(5)
Scavenging activity% = (Abs of control–Abs of sample)

/Abs of control × 100

of the extract on dry weight (dw) basis obtained from the 
standard calibration curve.

2.9.4  Total flavonoid content

Total Flavonoid Content (TFC) of BGF-WF and BGF-WF bis-
cuits were determined by the method of Dewanto et al. 
[26]. The Abs of the extracts at 510 nm was measured by 
utilizing a spectrophotometer (Perkin Elmer, Lambda 25, 
and UV-Vis Spectrophotometer). Catechin was used as 
a standard, and results were expressed as mg Catechin 
equivalent/100 g (mg CE/100 g) of the extract, on dw basis.

2.10  Evaluation of quality attributes of biscuits

2.10.1  Dimensional and textural analysis of biscuits

Dimensional measurements (product diameter, thickness, 
and spread ratio) of biscuits were determined according 
to AACC Method 10-50D [17], in order to compare the fat-
replaced biscuits with control product. The diameter of 
biscuits was measured using a Vernier caliper (by rotat-
ing the biscuit twice by 90°). The thickness of biscuits was 
measured by stacking six biscuits on top of one another; 
this total-height measurement was divided by six to get 
the average value. The spread ratio of biscuits was calcu-
lated from the ratio of diameter over thickness. Each of 
these measurements was performed in triplicate.

Hardness, in terms of the breaking strength of a bis-
cuit, was measured using a TA.XT+ Texture Analyzer (TA.
TX2, Stable Micro Systems Ltd., UK), according to a three-
point bend rig and technique (load cell: 5 kg, pre-test 
speed: 1.0 mm/s, test speed: 5.0 mm/s, post-test speed: 
10.0 mm/s, distance: 10 mm, trigger force: 50 g). Biscuits 
from each individual batch were used for textural analysis.

2.10.2  Color analysis

Biscuit color was measured using an NH300 Portable Col-
orimeter, China according to the method of Ohizua et al. 
[27]. Color values for L*, a*, and b* were recorded. Each 
value represented the average of four measurements at 
different points on the surface of a biscuit. The L* value is 
the lightness variable, from 100 for perfect white to zero 
for black, while the* and b* values are the chromaticity 
values that indicate (+) redness/ (−) greenness and (+) yel-
lowness/ (−) blueness, respectively.

2.10.3  Nutritional analysis

Protein content (AACC Method 08-01) and ash content 
(AACC Method 46-10) were analyzed using a Kjeldahl 
apparatus (Thermo Fisher Scientific, 3434, US) and a Muffle 
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furnace (Thermo Fisher Scientific, 50056360, USA), respec-
tively [17]. Fat content (AACC Method 30-25) and crude 
fiber content (AACC Method 32-10) were determined 
using a Soxhlet extractor (Thermo Fisher Scientific, USA) 
and a fiber digester (Marconi, MA-444, Brazil), respectively 
[17]. Moisture content was estimated using a moisture 
analyzer (Brabender 51–55, CW Brabender, Duisbury, NJ, 
USA). Total carbohydrate was estimated by difference: 
carbohydrate = 100 − (% moisture + % protein + % fat + % 
ash + % crude fiber). Calories were calculated by applying 
the Atwater general factor system: carbohydrate (4 kcal/g), 
lipid (9 kcal/g), and protein (4 kcal/g).

2.10.4  Sensorial evaluation

Sensory analysis was carried out in our baking labora-
tory, following the methodology of Ali et al. [20]. Biscuit 
samples were evaluated by 40 trained panelists, male and 
female (ages 24–45), comprised mainly of students and 
staff members of the Department of Food Science and 
Technology, University of Karachi (Karachi, Pakistan). The 
panelists were trained by utilizing the sensory profiles 
method Lawless & Heymann [28] with the commercial 
biscuits and prototypes prepared in the baking labora-
tory. By means of this training, a specific terminology for 
the sensory characteristics and ranges for each attribute 
was agreed upon. The characterization of the products was 
carried out under daylight and in portable cabins within 
the sensory laboratory. Panelists used a 9-point hedonic 
scale (1: extremely dislike to 9: extremely like) for analyz-
ing biscuit samples for taste, color, appearance, texture, 
and overall acceptability. Samples of biscuits were ran-
domly selected, labeled with 3-digit numbers, and then 
presented on white plastic plates, in random order, to the 
panelists.

2.11  Statistical analysis

All analyses were performed in triplicate, and the aver-
age values were calculated. The results were expressed as 
mean ± standard deviation (SD). The data were evaluated 
by analysis of variance (ANOVA), using the SPSS software 
(Version 17.0, Chicago, USA) statistical program. Duncan’s 
multiple range tests were applied to identify any signifi-
cant differences among the treatments, at a 95% confi-
dence level (P ≤ 0.05). Principal component analysis (PCA) 
of experimental data was used to reduce the number of 
variables in the data, by extracting the important ones 
from a large pool, using XLSTAT software (Addinsoft 2020, 
version 2019.2.1, Paris, France). PCA was separately applied 
to the proximate, rheological, functional, antioxidant, and 
phytochemical characteristics of the flour blends.

3  Results and discussion

3.1  Proximate composition of flour blends

Proximate profile of flour blends is represented in Table 2.
The moisture content in flour samples varied from 13.30 
to 14.10% with 100% WF (control) having the highest 
value. The lower values of BGF-WF blends is advantageous 
because it will reduce the proliferation of spoilage organ-
isms, especially mold, thus, improving the shelf stability 
of the product [29]. The highest protein content (18.72%) 
was found for the 50% BGF sample, and the lowest (9.81%) 
for the commercial wheat flour (control). The ash contents 
were in the range from 0.43 to 2.21%. Refined wheat flour 
contained a significantly (P ≤ 0.05) higher amount of total 
gluten content (both dry and wet). The lowest total gluten 
content was estimated at 25% BGF and 50% BGF. Ali et al. 
[20] reported similar results by incorporating black gram 
flour into wheat flour, which resulted in increased mois-
ture, ash, and protein ratio. Increased moisture content 

Table 2  Effect of Black gram flour (BGF) addition on proximate and chemical properties of blends with wheat flour

a, b, c, d, e, f Mean followed by different letters in the same column differs significantly (P ≤ 0.05). Calculations were made using Duncan method. 
Each value expressed as mean ± SD (n = 3)

Sample Moisture content (%) Ash (%) Protein (%) Gluten

Dry (%) Wet (%) Gluten index Total gluten content %

Wheat flour (control) 14.10 ± 0.12d 0.43 ± 0.01a 9.81 ± 0.10a 9.20 ± 0.2cd 25.80 ± 0.26c 95.00 ± 1.20f 35.0 ± 0.31d

10% BGF 13.32 ± 0.14b 0.73 ± 0.03b 15.70 ± 0.12b 9.20 ± 0.14cd 24.80 ± 0.20c 93.00 ± 1.01e 34.0 ± 0.13c

15% BGF 13.33 ± 0.10b 0.73 ± 0.01b 15.91 ± 0.11c 9.10 ± 0.10c 24.90 ± 0.11d 90.00 ± 1.17d 34.0 ± 0.21c

20% BGF 13.71 ± 0.11c 1.86 ± 0.02c 17.11 ± 0.15c 9.00 ± 0.21c 25.00 ± 0.21d 88.00 ± 1.10c 34.0 ± 0.40c

25% BGF 13.82 ± 0.12c 1.87 ± 0.06c 17.42 ± 0.20d 8.70 ± 0.10b 14.60 ± 0.13b 85.00 ± 1.11b 23.3 ± 0.20b

50% BGF 13.81 ± 0.13c 3.21 ± 0.08d 20.10 ± 0.22e 8.30 ± 0.11a 11.80 ± 0.17a 78.00 ± 0.90a 20.1 ± 0.16a

BGF 9.10 ± 0.01a 5.43 ± 0.09e 27.20 ± 0.25f – – – –
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(Table 2) and water absorption (Table 3) also attributed 
that protein in BGF has a remarkable effect on water hold-
ing capacity [20]. Lower gluten contents in BGF-WF blends 
may indicate the interference of seed coat components of 
BGF in gluten network development, as reported earlier 
[20], which was also confirmed by micrograph scanning 
image (Fig. 2). Another obvious, reason is that the storage 
proteins in BGF are not of the gluten type characteristic of 
those in cereal grains such as wheat [20]. The above find-
ings were in agreement with those reported previously 
by Ali et al. [20].

3.2  Functional properties of flour blends

3.2.1  Swelling power

Klunklin and Savage [30] defined swelling power (SP) 
as the concentration of starch granules in flour, which 
can retain water. The SP values shown in Table 3 for the 
BGF-WF blends increased with the increasing propor-
tion of BGF in the flour blends and ranged from 4.76 to 
6.21 g g−1. This trend of increasing SP was similar to that 
reported by Klunklin and Savage [30]. The results depicted 

Table 3  Effect of different levels of added Black gram flour (BGF) on functional properties of blends with wheat flour

a, b, c, d, e, f, g Mean followed by different letters in the same column differs significantly (P ≤ 0.05). Calculations were made using Duncan 
method. Each value expressed as mean ± SD (n = 3)

Sample Swelling power (g g−1) Water absorp-
tion capacity 
(%)

Oil binding capacity (%) Emulsion capacity (%) Emulsion stability (%)

Wheat flour (control) 4.76 ± 0.02b 145.60 ± 1.01a 153.17 ± 2.10g 44.10 ± 0.5g 37.01 ± 0.05a

10% BGF 4.69 ± 0.02a 146.96 ± 1.01b 150.21 ± 2.11f 45.06 ± 0.3f 48.01 ± 0.12b

15% BGF 4.89 ± 0.05c 148.6 ± 1.05c 149.71 ± 1.07e 47.13 ± 0.3e 56.03 ± 0.07c

20% BGF 5.27 ± 0.04d 150.26 ± 2.03d 146.82 ± 2.01d 50.86 ± 0.4d 69.27 ± 0.11d

25% BGF 5.86 ± 0.01e 155.40 ± 1.04e 140.30 ± 1.00c 57.71 ± 0.2c 75.77 ± 0.1e

50% BGF 6.27 ± 0.08f 162.24 ± 1.08f 128.46 ± 1.11b 66.21 ± 0.5b 83.19 ± 0.14f

BGF 7.09 ± 0.06g 200.31 ± 1.02g 75.22 ± 1.03a 71.42 ± 0.6a 89.66 ± 0.16g

Fig. 2  Scanning electron micrograph of biscuit’s dough at 500× (a) Dough without fat replacement-Control (b) Dough with Black gram flour 
(BGF) 10% (c) BGF 15%, (d) BGF 20%, (e) BGF 25% and (f) BGF 50%
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that swelling of flour blends increases due to high level 
of amylopectin in BGF. Hence, we suggest that such BGF-
WF blends can increase the viscosity of a food system and 
thereby act as carbohydrate-based fat mimetics, which 
typically perform a fat replacement role by holding water 
in the food product in a gel-like matrix. This results in 
increased viscosity and body and a creamy mouthfeel, 
similar to that of full-fat products [31].

3.2.2  Water absorption and oil binding capacity

Water absorption capacity (WAC) and oil binding capacity 
(OBC) are two critical functional properties of an ingre-
dient determining the texture, mouthfeel, and yield of 
the final product [32]. The water absorption capacity of 
flour blends ranged from 146.96 to 162.24% (Table 3). 
The highest WAC was observed for 50% BGF (162.24%), 
followed by BGF 25% (155.40%), and lowest for 10% BGF 
(146.96%). With the increasing BGF in WF there is a con-
comitant increase in WAC. Similar results were reported 
when rice, green gram and potato starch added to WF 
[32]. The higher WAC might be due to the difference in 
fiber and carbohydrate contents of BGF, which facilitate 
water absorption due to the presence of large numbers 
of hydroxyl groups [33]. The improved WAC of our blends 
suggests that the addition of BGF to bakery products is 
desirable and meets the demands of increased water con-
tent in products [34].

The OBC of wheat flour reduced from 153 to 129% by 
adding BGF in our blends (Table 3). Similarly, Klunklin and 
Savage [22] showed a decrease in OBC by increasing levels 
of purple rice in wheat flour. Protein in flour contains both 
hydrophobic and hydrophilic parts, which are responsible 
for oil and water absorption capacity [35]. Results suggest 
that BGF proteins are more likely to be hydrophilic as the 
incorporation of BGF decreased the OBC. Plant food poly-
saccharides, including fibers and carbohydrates, are typi-
cally good fat replacers due to their ability to bind water to 
form a paste which can mimic the texture and viscosity of 
fats in food products by providing lubrication or flow prop-
erties similar to fat [31]. Lubrication and moisture reten-
tion are two desirable attributes of bakery fat, which are 
required in various dough formulations [36]. The increased 
WACs of the BGF-WF blends illustrated their manifestation 
of these characteristics of bakery fat.

3.2.3  Emulsion capacity and emulsion stability

Emulsion capacity (EC) of BGF-WF blends ranged from 
45.06 to 66.21%. Blend containing 50% BGF showed 
the highest EC (66.21%), followed by 25% BGF (57.71%), 
while the lowest EC was observed for 10% BGF (45.06%). 
Besides, emulsion stability (ES) for BGF-WF blends varied 

from 48.01 to 83.19% (Table 3). Highest ES was observed 
for 50% BGF (783.19%) followed by 25% BGF (75.77%) and 
lowest for 10% BGF (48.01%). EC and ES are the two indi-
ces often used to assess the emulsifying properties of the 
protein. Emulsifying properties of proteins are affected 
by their hydrophobicity/ hydrophilicity ratio [31]. The 
increase in the amount of BGF in wheat flour showed a 
significant (P ≤ 0.05) increase in EC and ES. Moreover, a sig-
nificant (P ≤ 0.05) reduction in ES was observed for WF; the 
decrease might be responsible due to coalescence when 
numerous small molecules of oil combine to form large 
molecules and ultimately results in emulsion breakage 
[30]. The high ES of BGF-WF blends could be due to the for-
mation of highly cohesive films by the absorption of rigid 
globular protein molecules that are progressively resist-
ant to mechanical damage [30]. Another reason could be 
the increase in viscosity, which restricts the phenomena 
of coalescence by restricting the movement of molecules 
within the system [30]. Hence results from our study sug-
gested that BGF proteins contain significant proportions of 
both hydrophobic and hydrophilic components of amino 
acids required for the development of emulsion. Thus, 
such BGF-WF blends may be capable of acting as excel-
lent emulsion stabilizers and emulsifiers, both attributes 
of which can be essential for the replacement of typical 
bakery fat in various baked products [31, 28].

3.2.4  Solvent retention capacities of BGF‑WF blends

The solvent retention capacity (SRC), as a functional prop-
erty of wheat flour, is influenced by the rate of flour extrac-
tion during milling [37]. A greater extent of flour extraction 
generally results in increased amounts of damaged starch 
and bran in the flour, which leads to increased SRC val-
ues, especially for sucrose and sodium carbonate [37]. The 
lactic acid SRC value of flour is dependent on the quality 
and quantity of glutenin, while the sucrose SRC value is 
related to the pentosans in the flour [37]. The water SRC 
value is influenced by the three hydrophilic polymeric 
components in a flour, i.e., damaged starch, gluten pro-
tein, and pentosans [37]. Strong correlations between 
each of the four SRC values and the three individual func-
tional polymeric components of flour, i.e., gluten protein, 
damaged starch, and pentosans, have been described by 
Kweon et al. [37] and demonstrated to be predictive of 
the functional contribution of each of those flour com-
ponents to overall flour functionality and end-product 
quality. As shown by the results in Table 4, as the propor-
tion of BGF in the BGF-WF blends increased, the water, 
lactic acid, sodium carbonate, and sucrose SRC values all 
increased significantly (P ≤ 0.05), in contrast to related find-
ings previously reported by Portman et al. [38]. Accord-
ing to Portman et al. [38], their sucrose, lactic acid, and 
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sodium carbonate SRC values decreased with an increas-
ing proportion of lentil flour in blends with wheat flour. 
However, the positive correlations among the SRC values 
and the BGF-WF blend compositions, seen in the present 
study, suggested that this BGF flour had levels of damaged 
starch, pentosans, and storage proteins higher than those 
of the control wheat flour.

3.3  Rheological characteristics

3.3.1  Dough rheological properties during mixing

Dough rheology during mixing was analyzed in terms of 
water absorption (WA), dough development time (DDT), 
dough stability time (DST), and Farinograph quality num-
ber (FQN), as illustrated by the results shown in Table 5. 
A significant (P ≤ 0.05) increase in WA was observed for 
increasing proportions of BGF in the BGF-WF blends. Ali 
et al. [20] reported a similar finding that the WA for wheat 
flour-black gram flour blends increased with increasing 
incorporation of black gram flour. However, the amounts 
of BGF added to WF in the present study were much 
higher (10 to 50% w/w), and the resulting values of WA 
were much lower, compared to those reported by Ali et al. 
[20]. The association of rheological quality with soluble 
and insoluble dietary fiber contents has been noted by 

Issarny et al. [39]. In the present study, the addition of BGF 
to wheat flour is believed to have disrupted the gluten 
network to a notable extent, and thereby to have affected 
the baking quality of the dough. The WA, DDT, and FQN 
parameters, for the 15% and 20% BGF samples did not 
differ significantly (P ≤ 0.05) (Table 5), but DDT increased 
significantly (P ≤ 0.05) for the 25% and 50% BGF samples. 
Turfani et al. [40] reported similar findings, whereby DDT 
increased with increasing addition of lentil flour to wheat 
flour. In the present study, the reason for the increased 
DDT could be related to the relatively higher affinity of 
BGF than wheat gluten for water. In fact, the wheat flour 
control showed a much lower DDT than any of the BGF-WF 
blends. An increase in fiber content, due to the added BGF, 
might account for the observed differences in the mixing 
profiles of the flour blends [41]. Another reason could be 
associated with the much-increased FQN for the 15%–50% 
BGF-WF blends, which related to a hardening effect in the 
dough and, ultimately to delays in DDT and DST [20].

3.3.2  Dough viscometric properties

The Micro Visco-Amylo-Graph parameters of WF con-
trol and BGF-WF blends are presented in Table 6. Higher 
peak viscosities were observed for the 20% BGF, 15% BGF, 
and 10% BGF samples, while lower peak viscosities were 

Table 4  Solvent retention capacity (SRC) of wheat flour and Black gram flour (BGF) containing blends

a, b, c, d, e, f  Means followed by different letters in the same column differs significantly (P ≤ 0.05). Calculations were made using Duncan 
method. Each value expressed as mean ± SD (n = 3)

Sample Water SRC (%) Sucrose SRC (%) Lactic acid SRC (%) Sodium carbonate SRC (%)

Wheat flour (control) 55.31 ± 1.12a 90.50 ± 1.10a 81.33 ± 1.12c 64.79 ± 1.15a

10% BGF 64.09 ± 1.16b 93.72 ± 1.16b 42.16 ± 1.14a 76.07 ± 1.17b

15% BGF 76.13 ± 1.22c 100.99 ± 1.17c 51.12 ± 1.25b 104.58 ± 2.19c

20% BGF 98.83 ± 1.29d 104.69 ± 1.25d 86.29 ± 2.10d 112.68 ± 2.33d

25% BGF 100.37 ± 1.24e 154.35 ± 1.2e 102.95 ± 2.31e 129.39 ± 2.25e

50% BGF 171.53 ± 2.26f 195.38 ± 1.26f 133.36 ± 2.27f 200.214 ± 2.37f

BGF 312.58 ± 4.10g 443.31 ± 3.14g 263.11 ± 3.13g 487.92 ± 3.65g

Table 5  Farinograph 
properties of wheat flour 
and Black gram flour (BGF) 
incorporated containing 
blends

a, b, c, d, e  Means followed by different letters in the same column differs significantly (P ≤ 0.05). Calcula-
tions were made using the Duncan method. Each value expressed as mean ± S.D. (n = 3)

Sample Water absorption (%) Dough develop-
ment time (min)

Dough stability 
time (min)

Farinograph 
quality num-
ber

Wheat flour (control) 58.70 ± 0.2a 1.67 ± 0.01a 8.58 ± 0.18a 88.01 ± 1.12b

10% BGF 63.60 ± 0.20b 5.92 ± 0.12b 8.61 ± 0.1a 77.02 ± 1.09a

15% BGF 64.50 ± 0.33c 7.81 ± 0.24c 8.82 ± 0.4b 120.11 ± 2.24c

20% BGF 64.90 ± 0.51c 7.80 ± 0.22c 9.60 ± 0.2c 120.03 ± 2.01c

25% BGF 65.81 ± 0.58d 8.11 ± 0.16d 10.22 ± 0.33d 127.04 ± 1.04d

50% BGF 72.40 ± 0.81e 11.50 ± 0.14e 13.10 ± 0.40e 139.12 ± 2.02e



Vol:.(1234567890)

Research Article SN Applied Sciences          (2020) 2:2083  | https://doi.org/10.1007/s42452-020-03797-6

observed for the 50% BGF and 25% BGF samples. The 
high peak viscosity observed for some of the flour blends 
might be associated with swelling power or water absorp-
tion capacity of starch molecules. On the other hand, the 
lower peak viscosities observed have been suggested to 
be due to increased protein-to-protein, starch-to-starch, 
and protein-to-starch interactions upon the addition 
of the higher amounts of BGF [20]. Another reason for 
decreased viscosity was weaker resistance of wheat with 
a higher amount of BGF under heating and shear mixing 
due to an increased level of non-starch substances [41].

Additionally, trough, breakdown, and setback viscosi-
ties decreased significantly (P ≤ 0.05) as the levels of BGF 
increased in wheat flour. The decreases in these viscosities 
have been suggested to reflect a reduced tendency for 
starch retrogradation, and consequent inhibition of the 
staling of biscuits [42]. Gomez et al. [43] reported similar 
results, including observed decreases in breakdown and 
setback viscosities, when chickpea flour was incorpo-
rated into blends with wheat flour. The final viscosity of 
all flour blends decreased when the concentration of BGF 
increased. It was reported previously that such decreases 
in final viscosity might be due to the dis-aggregation of 
amylose molecules [44], such as with increased levels of 
BGF in the blends with wheat flour.

3.4  Scanning electron microscopy (SEM) of biscuit 
doughs

Scanning electron micrographs of the interior cross-sec-
tional region of biscuit doughs are shown in Fig. 2. The 
dough formation results in agglomeration of proteins and 
starch, partly enclosing fat present in the dough. In these 
circumstances, dough with a high-fat content (control, 
10% BGF, and 15% BGF) appeared to show some regions in 
which the smooth surfaces could be viewed as represent-
ing fat surrounding protein-starch aggregates (Fig. 2a–c). 
However, in the lower-fat-content doughs (20% BGF, 
25% BGF, and 50% BGF), those smooth flat surfaces were 

not visible, while small and large starch granules could 
be seen (Fig. 2d–f ). Although the limited fat present did 
serve to lubricate the matrix, the amount was apparently 
not enough to form a continuous coating layer over the 
surfaces of these samples. Rodriguez et al. [3] reported 
similar findings when inulin was used as a fat replacer 
in a cake. The control biscuit dough (Fig. 2a) showed a 
continuously smooth surface, within which the matrix of 
associated wheat starch and gluten apparently developed 
uniformly. In the 25% BGF and 50% BGF biscuit doughs, 
an arrangement of small fragments of developed gluten 
network appears to have formed (Fig. 2e, f ), which may 
have resulted from a lack of hydration of gluten and the 
wheat endosperm fragments [45]. Furthermore, the gluten 
matrix present appeared to be discontinuous, evidently 
because of the higher levels of fat replacement by BGF, 
which resulted in the starch granules being leached out 
of the network and made prominently identifiable (Fig. 2e, 
f ). Uniform sized wheat starch granules were observed in 
control WF dough, whereas both small and large granules 
from both BGF and WF were observed in doughs contain-
ing 25% BGF and 50% BGF (Fig. 2e, f ). Similar results were 
reported by Madhumitha and Prabhasankar [46] utilization 
30% BGF as a fat substitute in the formulation of pasta 
dough.

Moreover, starch granules appeared to be coated in a 
protein matrix in doughs containing15% and 20% BGF 
(Fig. 2c, d). This finding was in agreement with the results 
of Dachana et al. [47], in which dried moringa leaves pow-
der was incorporated into cookie doughs. The literature 
revealed that even though microstructural properties of 
fat replacers are quite different from fat when they are uti-
lized in food products, although the end products do show 
comparable qualities to the standard formulation, which 
was also confirmed from our observations [42].

Table 6  Micro Visco-Amylo-Graph properties of wheat flour and Black gram flour (BGF) containing blend

a, b, c, d, e f  Mean followed by different letters in the same column differ significantly (P ≤ 0.05). Calculations were made using the Duncan 
method. Each value expressed as mean ± S.D. (n = 3)

Sample Peak viscosity 
(cP)

Trough viscos-
ity (cP)

Final viscosity 
(cP)

Setback viscos-
ity (cP)

Breakdown (cP) Peak time (min) Pasting tem-
perature (°C)

Wheat flour 
(control)

2074 ± 10.01a 1434 ± 4.45a 3084 ± 18.00f 958 ± 6.10e 7561 ± 4.11a 4.30 ± 0.20a 57.12 ± 0.23a

10% BGF 2872 ± 14.00d 2224 ± 11.00b 2788 ± 16.05e 1052 ± 7.40f 1142 ± 8.30f 6.11 ± 0.21d 76.10 ± 0.3d

15% BGF 2884 ± 15.00e 2624 ± 12.03d 2764 ± 16.00d 932 ± 5.30d 924 ± 7.51e 7.20 ± 0.40e 81.01 ± 0.34e

20% BGF 2910 ± 18.02f 2700 ± 13.11f 2500 ± 13.02c 642 ± 5.10b 910 ± 7.22d 7.30 ± 0.20e 81.02 ± 0.15e

25% BGF 2860 ± 12.01c 2694 ± 14.00e 2260 ± 12.11b 314 ± 3.20c 902 ± 6.40c 5.32 ± 0.40c 72.11 ± 0.17c

50% BGF 2836 ± 12.00b 2362 ± 10.01c 2118 ± 11.01a 162 ± 2.20a 894 ± 5.13b 4.82 ± 0.10b 68.14 ± 0.21b
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3.5  Antioxidant activities and polyphenolics 
of flour blends and resulting biscuits

Table 7 shows results for 2,2-diphenyl-1-picryl-hydrazyl 
(DPPH) radical scavenging activity and ferric/ferricyanide 
 (Fe3+) reducing antioxidant power (FRAP), in the form of 
 IC50 values, for the BGF-WF flour blends and BGF-WF result-
ing biscuits. Increasing the level of BGF in the blends with 
WF increased the DPPH radical scavenging activities of the 
BGF-WF blends and BGF-WF biscuits, as evidenced by the 
decreasing  IC50 values shown in Table 7. The WF control 
samples showed the highest  IC50 values, which correlated 
with their lowest DPPH radical scavenging activities. The 
increased radical scavenging activities of the BGF-WF 
blends and BGF-WF biscuits signify the increasing pres-
ence of radical scavengers or inhibitors provided by the 
BGF, thus suggesting BGF’s probable role as a primary 
antioxidant. Moreover, biscuit baking appeared to fur-
ther improve DPPH radical scavenging activity, possibly 
because of the development of melanoidins during bak-
ing [48]. Such melanoidins (brown-color pigments) have 
been found to be responsible for antioxidant activity [49]. 
A similar result of an increase in DPPH radical scavenging 
activity upon baking was also reported by Jan et al. [50] 
for wheat-based biscuit prepared by incorporating buck-
wheat flour.

The control WF and its biscuits manifested the low-
est FRAPs. The increasingly higher levels of fat replace-
ment in the sample biscuits correlated with increasingly 
strong reducing powers. Like for the DPPH test results, 
baking appeared to further improve FRAP, as increasingly 

lower  IC50 values were observed for the BGF-WF biscuits, 
compared to the BGF-WF flour blends. Similar results, of 
increases in DPPH radical scavenging activity and FRAP 
upon baking, were also reported by Jan et al. [50] for WF-
based cookies prepared with added buckwheat flour.

Pulses such as BG beans are known to be valuable 
sources of fiber and protein [51]. They also contain a 
wide range of polyphenolic compounds, mainly includ-
ing phenolic acids, flavonoids, and proanthocyanidins 
[51]. Such compounds play a protecting role in human 
health through their antioxidant, antiradical, and anti-
inflammatory attributes [52]. Biscuits prepared from 50% 
BGF showed the highest total phenolic content (TPC), fol-
lowed by the 25% BGF and 20% BGF biscuits. Despite the 
significant decreases (P ≤ 0.05) in the TPCs of the BGF -WF 
biscuits as a consequence of baking, compared to those 
for the BGF-WF flour blends (Table 7), the TPC values for 
the BGF-WF biscuits were still higher than that for the 
control biscuits. The largest decrease in TPC was observed 
for biscuits containing 10% BGF, which showed a 36.6% 
loss of TPC upon baking, while the smallest decrease was 
observed for the blend containing 50% BGF, which showed 
a 13.2% loss of TPC upon baking. Jan et al. [50] also found 
a decrease in the TPC of buckwheat flour after heating at 
180 °C. It has been suggested that such reductions in TPC 
values might be due to alterations in the chemical struc-
tures of the phenolic compounds, possible polymerization 
leading to reduced extractability and oxidation [48].

Phenolic and flavonoid compounds inhibit the forma-
tion of free radicals, thus diminishing the rate of oxida-
tion by hindering the development, or by deactivating the 

Table 7  Values for 2,2-Diphenyl-1-picryl-hydrazyl (DPPH) radical scavenging activity, total phenolic content (TPC), and total flavonoid con-
tent (TFC), for different levels of Black gram flour (BGF) incorporated into wheat flour and resulting biscuit samples

a, b, c, d, e, f, g  Mean followed by different letters in the same column differs significantly (P ≤ 0.05). Calculations were made using the Duncan 
method. Each value is expressed as mean ± SD (n = 3)
1 GAE = gallic acid equivalent
2 CE = catechin equivalent
3 DW = dry weight of sample

*Control represents the control wheat flour and its resulting biscuits

Samples Flour blend Biscuits

DPPH  (IC50 
mg/mL)

FRAP  (IC50 
mg/mL)

TPC (mg 
 GAE1/100 g 
 DW3)

TFC (mg 
 CE2/100 g DW)

DPPH  (IC50 
mg/mL)

FRAP  (IC50 
mg/mL)

TPC (mg 
GAE1/100 g 
 DW3)

TFC (mg 
 CE2/100 g  DW3)

Control* 488.01 ± 3.15g 327.12 ± 4.52g 16.73 ± 0.11a 18.56 ± 1.01a 500.11 ± 3.15p 350.30 ± 4.52o 14.430 ± 0.12a 31.16 ± 1.01a

10% BGF 301.40 ± 1.29f 127.35 ± 0.51f 51.64 ± 1.18b 104.88 ± 2.21b 255.40 ± 1.29l 114.45 ± 0.4l 32.74 ± 2.18b 124.82 ± 2.81b

15% BGF 245.62 ± 1.21e 121.34 ± 0.21e 67.81 ± 2.31c 319.70 ± 2.74c 225.62 ± 1.21g 89.64 ± 0.3j 49.21 ± 2.21c 385.30 ± 2.14c

20% BGF 221.04 ± 1.01d 89.32 ± 0.45d 96.69 ± 3.42d 344.80 ± 3.45d 201.04 ± 1.01e 75.39 ± 0.15g 75.49 ± 3.12d 426.83 ± 4.45d

25% BGF 200.60 ± 0.92c 78.81 ± 0.13c 123.37 ± 3.55e 373.97 ± 4.51e 190.60 ± 0.92d 69.88 ± 0.13d 99.34 ± 3.15e 468.67 ± 4.61e

50% BGF 187.21 ± 0.43b 57.62 ± 0.11b 167.16 ± 3.81f 421.60 ± 4.82f 169.21 ± 0.43a 34.12 ± 0.12a 145.13 ± 3.21f 543.65 ± 4.72f

BGF 62.31 ± 0.21a 15.31 ± 0.10a 421.55 ± 4.37g 863.71 ± 5.45g
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active species and precursors, of free radicals [53]. Table 5 
shows the total flavonoid content (TFC) values for the flour 
blends and resulting biscuits. TFCs of the biscuits increased 
with the increasing extent of fat replacement. Biscuits pre-
pared from 50% BGF showed the highest TFC, while the 
lowest TFC was observed for the control biscuits. Baking 
resulted in significant increases (P ≤ 0.05) in the TFCs of 
the BGF-WF biscuits, compared to those for the BGF-WF 
blends. The largest increment in TPC was observed for bis-
cuits prepared from 50% BGF, which showed a 22.5% incre-
ment in TFC upon baking, while the smallest increment 
was observed for the blend containing 10% BGF, which 
showed a 16.0% increase upon baking. The observed dif-
ferences could be due to the earlier-mentioned develop-
ment of melanoidins, the brown-colored products of the 
Maillard reaction that occurs during the baking process 
[54]. These results also illustrated the positive correlations 
between TPC and TFC in plant-based foods, as previously 
reported by Oboh et al. [55].

3.6  Dimensional properties of biscuits

Table  8 shows the dimensional properties of the fat-
replaced biscuits. The diameters of the sample biscuits 
increased for the 15% BGF level and then decreased as the 
level of BGF increased further. The maximum diameter was 
observed for the 15% BGF sample, while the diameters for 
the 10% BGF and 20% BGF samples were not significantly 
(P ≤ 0.05) different from the control biscuits. The thickness 
of biscuits decreased for the 15% BGF level of fat replace-
ment, similar to results from a study by Arshad et al. [56], 
for cookies prepared from wheat flour supplemented with 
defatted wheat germ. However, it was increased signifi-
cantly (P ≤ 0.05) for the 25% and 50% BGF samples. Spread 
ratio is one of the most fundamental properties used in 
assessing the quality characteristics of cookies [37]. An 
ideal spread ratio characterizes a superior quality biscuit. 
BGF at the 15% level significantly (P ≤ 0.05) increased the 
spread ratio over that of the control biscuit. This unusual 

result contrasted with those reported from a study by Wek-
wete and Navder [57], in which avocado puree and Oatrim 
were used as fat replacers in oatmeal cookies. There are 
various perspectives on reasons behind decreases in the 
diameter (aka spread) of biscuits. For example, Agrahar 
et al. [58] suggested that the rapid distribution of free 
water to hydrophilic components during the mixing of 
ingredients led to increased viscosity of the dough, which 
consequently restricted the spread of biscuits during bak-
ing. The current results represented a further indication 
that BGF has excellent potential for increasing the WAC of 
biscuit doughs.

3.7  Textural analysis of biscuits

Results from a texture profile analysis of the biscuit sam-
ples are shown in Table 8. There were significant (P ≤ 0.05) 
differences in hardness (N) among all the biscuit samples. 
The 50% BGF biscuit (34.4) showed the highest hardness, 
followed by the 25% BGF (26.0) and 20% BGF (21.4) sam-
ples. The lowest hardness values were observed for the 
10% BGF and 15% BGF biscuits. Hardness is a textural 
property that attracts significant attention in the evalua-
tion of baked biscuit products in general [37], and often for 
such products, this parameter should be as low as possible 
[20]. Hardness, as related to the force required to break a 
biscuit, increased with the increasing proportion of BGF 
in the blend with WF. Those increases may have been due 
to the increasing levels of carbohydrates such as starch 
and the correspondingly decreasing levels of fat. Another 
possible reason may have been related to increased water 
absorption, due to the increasing extent of fat replace-
ment, which could have promoted gluten network devel-
opment, which in turn would have caused a hardening 
effect in the biscuits [20]. However, biscuits prepared with 
the 10% BGF and 15% BGF blends showed a remarkably 
lower-hardness texture profile.

Table 8  Effect of fat 
replacement by Black gram 
flour (BGF) on the dimensional 
properties and breaking force 
values of sample biscuits

a, b, c, d, e, f Means followed by different letters in the same column differs significantly (P ≤ 0.05). Calcula-
tions were made using the Duncan method. Each value is expressed as mean ± SD (n = 3)
* Control represents biscuits without fat replacement

Sample Dimensional properties Breaking force (N)

Diameter (mm) Thickness (mm) Spread ratio

Control* 42.67 ± 0.24c 9.07 ± 0.52b 4.70 ± 0.12c 22.90 ± 0.39d

10% BGF 42.68 ± 0.27c 9.09 ± 0.19b 4.70 ± 0.11c 15.39 ± 0.10a

15% BGF 43.01 ± 0.54d 8.07 ± 0.11a 5.34 ± 0.20d 18.19 ± 0.15b

20% BGF 42.64 ± 0.32c 9.19 ± 0.15b 4.68 ± 0.10c 21.37 ± 0.13c

25% BGF 41.78 ± 0.13b 9.37 ± 0.30c 4.42 ± 0.12b 25.98 ± 0.57e

50% BGF 39.16 ± 0.16a 10.45 ± 0.33d 3.92 ± 0.1a 34.39 ± 0.25f
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3.8  Color analysis of biscuits

As shown by the results in Fig. 3, the surface color of the 
sample biscuits decreased in lightness (L*) (i.e. progres-
sively darkened) and yellowness (b*), while increasing in 
redness (a*), as the proportion of BGF in the flour blend 
of the biscuit increased. Similarly, Jan et al. [50] observed 
decreased L* and b* values and increased a* values for 
cookies prepared from blends of wheat and buckwheat 
flours. Such color changes could be explained as being 
due to browning reactions that would have occurred dur-
ing baking. Maillard browning and the caramelization 
of sugar would be expected to produce brown-colored 
pigments during biscuit baking [31, 59]. These brown-
ing reactions are influenced by many factors, including 
product moisture content [37], water activity, pH, baking 
temperature, sugar type, and the composition of amino 
compounds present [60].

3.9  Nutritional properties of biscuits

Table  9 shows results for the nutritional properties of 
the biscuit samples. Fat replacement by BGF led to sig-
nificantly (P ≤ 0.05) increased protein and crude fiber con-
tents, which were attributable to the higher contents of 
protein and crude fiber in BGF, compared to that of wheat 
flour. It was observed that protein content increased sig-
nificantly (P ≤ 0.05) for all the BGF-containing biscuits. 
Although amino acids were not considered in the present 
study, Tharanathan and Mahadevamma [61] noted that 
increasing the number of functional ingredients in baked 
products enhanced the fundamental amino acid profile. 
According to the World Health Organization (WHO), the 
recommended dietary allowance (RDA) for protein is 0.8 g 
per kg of body weight for adults and is higher for females 
during pregnancy and lactation [62]. In contrast to the WF 
control biscuits (15.20% protein), protein contents from 
20.01 to 26.85% for the BGF-containing biscuits could 
contribute to achieving the recommended RDA for pro-
tein. Such high-protein biscuit products could also help 
to reduce acute malnutrition in growing children and 
women, which is a major concern in Pakistan and other 
developing nations. As expected, all the BGF-supple-
mented biscuits contained significantly (P ≤ 0.05) more 
dietary fiber than the traditional, WF control biscuits. Fur-
thermore, all the BGF-WF biscuits were lower in calories 
than the control, due to the fat replacement and conse-
quent reduction.

3.10  Sensory analysis of biscuits

Table 10 shows the sensory scores for the appearance, tex-
ture, taste, color, and overall acceptability of the biscuits 
samples. Fat replacement at the apparently optimum level 
of 15% BGF resulted in a sensory score for color, which 
was significantly (P ≤ 0.05) higher than that for the control 
biscuits. However, that 15% BGF biscuit sample was not 
significantly (P ≤ 0.05) different or better than the control 
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Fig. 3  L*, a* and b* values of biscuits made with wheat flour (con-
trol) and Black gram flour (BGF) containing blends. Mean indicated 
by error bars differs significantly (P ≤ 0.05). Calculations were made 
using the Duncan method

Table 9  Nutritional properties of biscuit samples prepared with different levels of Black gram flour (BGF) incorporation

a, b, c, d, e, f, g Means followed by different letters in the same column differs significantly (P ≤ 0.05). Calculations were made using the Duncan 
method. Each value is expressed as mean ± SD (n = 3)
* Control represents biscuits without fat replacement

Samples Moisture content (%) Ash (%) Protein (%) Fat (%) Crude fiber (%) Carbohydrates (%) Kcal/100 g

Control* 5.02 ± 0.12c 1.53 ± 0.01a 15.20 ± 0.10a 27.21 ± 0.20g 0.21 ± 0.26a 50.83 ± 0.80b 489
10% BGF 4.20 ± 0.14b 2.45 ± 0.03b 20.01 ± 0.12b 23.41 ± 0.14f 2.10 ± 0.20b 47.83 ± 0.42c 482
15% BGF 4.31 ± 0.10b 2.83 ± 0.01c 23.21 ± 0.11bc 20.31 ± 0.10e 2.33 ± 0.11b 47.01 ± 0.57d 463
20% BGF 4.01 ± 0.11a 4.56 ± 0.02d 23.75 ± 0.15d 19.95 ± 0.21d 2.78 ± 0.21c 44.95 ± 0.64g 454
25% BGF 3.92 ± 0.12a 4.70 ± 0.06de 24.09 ± 0.20de 17.51 ± 0.10c 2.88 ± 0.13cd 46.9 ± 0.60e 442
50% BGF 3.82 ± 0.13a 8.01 ± 0.09e 26.85 ± 0.22f 14.71 ± 0.11b 3.01 ± 0.17e 43.6 ± 0.54f 414
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in terms of appearance, taste, texture, and overall accept-
ability. Moreover, the control, 10% BGF, and 15% BGF bis-
cuits did not differ significantly (P ≤ 0.05) for overall accept-
ability (Fig. 4). As the extent of fat replacement increased 
beyond the 15% BGF level, the score for taste, which is 
one of the essential sensory attributes of the biscuits, 
decreased, due to an unpleasant mouthfeel, and to the 
increased hardness of the biscuits. In fact, the textures of 
the 20% BGF and 25% BGF biscuit samples were too hard 
and firm. These negative results were apparently due to an 
excessive reduction in the level of actual fat in the biscuit 
formulas, as fat is known to help “moisturize” the structure 
and soften the texture of many types of baked goods, thus 
providing such food products with consumer-demanded 
textural properties [4]. Singh et al. [63] had shown that 
incorporation of 15% of a legumes mixture (Bengal gram, 

black gram, green gram) into wheat flour, for the produc-
tion of high-protein biscuits, negatively affected product 
top-grain, color, and texture. In contrast, in the present 
study, biscuit top-grain was unaffected.

3.11  Principal component analysis (PCA)

PCA was used, as illustrated in Fig. 3 to examine the inter-
relationships among the physicochemical properties, 
bioactive compounds, and rheological characteristics 
of the control WF and the five BGF-WF blends. Principal 
component 1 (PC1) and principal component 2 (PC2), 
cumulatively, explained 91.38% of the total variation 
among the 23 attributes of the six flour samples. PC1 had 
an eigenvalue of 16.3 and accounted for 68.01% of the 
variation in the data, whereas PC2 accounted for 23.37% 

Table 10  Effect of fat 
replacement by Black gram 
flour (BGF) on the sensorial 
quality of sample biscuits

a, b, c, d Means followed by different letters in the same column differs significantly (P ≤ 0.05). Calculations 
were made using the Duncan method. Each value is expressed as mean ± SD (n = 3)
* 9 points hedonic scale: 9; like extremely, 8; like very musk, 7; like moderately, 6; like slightly, 5; neither 
like nor dislike, 4; dislike slightly, 3; dislike moderately, 2; dislike very much, 1; dislike extremely
1 Control represents biscuits without fat replacement

Sample Appearance  (9*) Taste  (9*) Texture  (9*) Color  (9*) Overall 
acceptabil-
ity  (9*)

Overall sum (45)

Control1 8.20 ± 0.12c 8.27 ± 0.31e 8.27 ± 0.14e 7.11 ± 0.03c 8.04 ± 0.04d 39.89
10% BGF 7.14 ± 0.15b 7.06 ± 0.50d 8.06 ± 0.15d 8.03 ± 0.05d 8.00 ± 0.04d 38.29
15% BGF 8.21 ± 0.11c 8.30 ± 0.42e 8.20 ± 0.17d, e 8.9 ± 0.11e 8.06 ± 0.05d 41.67
20% BGF 7.14 ± 0.12b 6.16 ± 0.11c 6.06 ± 0.16c 7.09 ± 0.06c 6.14 ± 0.03c 32.59
25% BGF 7.13 ± 0.16b 5.10 ± 0.10b 4.26 ± 0.25b 5.32 ± 0.17b 5.32 ± 0.02b 27.13
50% BGF 5.12 ± 0.10a 4.23 ± 0.14a 3.11 ± 0.11a 4.31 ± 0.15a 5.11 ± 0.01a 21.88

Fig. 4  Images of biscuit 
samples (a) Biscuit without fat 
replacement (b) Biscuit with 
Black gram flour (BGF) 10% (c) 
BGF 15%, (d) BGF 20%, (e) BGF 
25% and (f) BGF 50%



Vol.:(0123456789)

SN Applied Sciences          (2020) 2:2083  | https://doi.org/10.1007/s42452-020-03797-6 Research Article

of the variation in the data. The 10% BGF, 15% BGF, 20% 
BGF, and 25% BGF sample blends were observed to be 
positively correlated with each other, as the 10% BGF and 
15% BGF samples fell in the same quadrant. Moreover, 
the 15% BGF and 20% BGF samples appeared to lie close 
to each other in the bi-plot. In contrast, the WF control 
and the 50% BGF sample were observed to be opposite to 
each other in the bi-plot, thus establishing a negative cor-
relation. Furthermore, the 25% BGF and 50% BGF samples 
demonstrated a positive correlation, as they were located 
in the same quadrant. The bi-plot of PC1 vs. PC2 showed 
that maximum attributes were associated with PC1. For 
PC1, a positive relationship could be observed among 
physicochemical attributes (ash %, total gluten content %, 
and moisture content %), rheological properties (final and 
setback viscosities), and antioxidant activities (DPPH inhi-
bition and FRAP). PC2 correlated positively with DDT, peak 
viscosity, breakdown viscosity, trough, peak time, pasting 
temperature, OBC %, protein %, and TFC. However, DST, 

FQN, WAC %, SP, EC %, ES %, and TPC contributed nega-
tively to the variations among the flour blend samples. The 
distinct position of the WF control apparently accounted 
for the negative correlation, and also suggested its strong 
influence on rheological, functional, proximate, and anti-
oxidant properties (Fig. 5).

3.12  Conclusion

The fat-replaced biscuits and their corresponding flour 
blends, prepared by incorporating increasing levels of 
black gram flour (BGF) (10 to 50%) into the control WF, 
showed increased total phenolic content, total flavonoid 
content, and DPPH inhibition, compared to that for the 
control biscuits. Dough rheological analysis demon-
strated that the increased additions of BGF into the WF 
control caused no significant undesirable effects on the 
functional properties of the wheat flour. Furthermore, 
functional properties of the BGF-WF blends, including 
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Fig. 5  The principal component analysis (PCA) score plot of flour 
samples at different properties (proximate, functional, rheological, 
antioxidants, and phytochemicals). Where, PC1 principal compo-
nent analysis 1, PC2 principal component analysis 2, MC Moisture 
content (%), A ash (%), P protein (%), DG dry gluten (%), WG wet 
gluten (%), GI gluten index, TGC  total gluten content (%), SP swell-
ing power (g g−1), WAC  water absorption capacity (%), OBC oil bind-
ing capacity (%), EC emulsion capacity (%), ES emulsion stability 

(%), WA water absorption (%), DDT dough development time (min), 
DST dough stability time (min), FQN farinograph quality number, PV 
peak viscosity (Torque), FV final viscosity (Torque), SV setback vis-
cosity (Torque), BD break down (Torque), Peak.T peak time (min), 
PT pasting temperature (°C), DPPH DPPH-inhibition  (IC50 mg  mL−1), 
FRAP Ferric reducing antioxidant power  (IC50 mg  mL−1), TPC total 
phenolic content (mg Gallic acid equivalent/100 g dry weight), TFC 
total flavonoid content (mg Catechin equivalent /100 g dry weight)
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water-absorption capacity, oil-binding capacity, emulsion 
capacity, and emulsion stability, were increased, some of 
which suggested the potential benefit of the utilization 
of BGF as a fat replacer in baked products such as biscuit. 
Fat replacement at a 15% BGF level in biscuits resulted in 
overall excellent quality and sensory attributes, but sen-
sory acceptability declined beyond this 15% fat-replace-
ment level. Additional studies are needed in the future, 
to improve further the functional behavior of BGF as a 
fat replacer, and the resulting quality of BGF-containing 
biscuits.
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