
602

Article Info
Article history
Received 5 March 2024
Revised 22 April 2024
Accepted 23 April 2024
Published Online 30 June 2024

Keywords
Biofortified black wheat
Flatbread
Glycemic index
Enzyme inhibition
Nutrient adequacy
Sensory quality

Nutritional quality of black wheat flatbread: A therapeutic alternative for
diabetes management
Krati Goel*, Archana Kushwaha*, Anuradha Dutta*, Satish Kumar Sharma**, Navin Chandra Shahi*** and Anil Kumar****
* Department of Food Science and Nutrition, College of Home Science, G.B. Pant University of Agriculture & Technology, Pantnagar-263145,

Uttarakhand, India
* * Department of Food Science and Technology, College of Agriculture, G.B. Pant University of Agriculture & Technology, Pantnagar-263145,

Uttarakhand, India
*** Department of Post-Harvest Process and Food Engineering, College of Technology, G.B. Pant University of Agriculture & Technology,

Pantnagar-263145, Uttarakhand, India
**** Department of Plant Breeding and Genetics, Bihar Agriculture College, Bihar Agricultural University, Sabour-813210, Bihar, India

Abstract
Flatbread is consumed all over the world and makes use of the majority of India's wheat crop. The present
study aimed to utilize black wheat for the development of flatbread, and to analyze its nutritional quality,
viz., nutrient composition, glycemic index, enzyme inhibition, nutrient adequacy, and index of nutritional
quality, to pave the way for therapeutic management of diabetes mellitus. Ash, protein, fat, carbohydrate,
and physiological energy value (PEV) content of black wheat flour (BWF) and yellow wheat flour (YWF)
differed significantly. BWF had higher protein and lower carbohydrate content than YWF, which could lead to
improved glucose response and insulin resistance. BWF was considered a superior source of dietary fiber due
to its increased dietary fiber content compared to YWF. Gluten content of BWF was 15% lower than that of
YWF, which may impact the strength, elasticity, and texture of the developed food product. Enzyme
inhibitory activity of BWF and BWB was higher (50%) than YWF and its flatbread. In comparison to yellow
wheat flatbread, one serving of black wheat flatbread could meet an adult Indian man's or woman's increased
RDA requirements for protein up to 21% and dietary fiber up to 57%. Black wheat possessed therapeutic
potential for the management of hyperglycemia because of its low GI (<55), better enzyme inhibitory
activity, and improved nutritional quality (INQ>1). As such, it could be a good substitute for yellow wheat in
the preparation of flatbread.
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1. Introduction

Across the Indian subcontinent and portions of the Middle East,
chapatti, a flatbread, is mostly made from wheat (Triticum aestivum
L.) with little variations in ingredients and preparation technique
(Gujral et al., 2004, 2008). About 90% of the wheat grown in India
is utilized to make flatbread, with the remaining portion going toward
making bread, biscuits, and cakes (Sharma and Gujral, 2014). In
India, Pakistan, and some regions of Africa, flatbread is a staple food
(Nandini and Salimath, 2001; Panghal et al., 2019) that is affordable,
and a good source of calories and protein (Swaranjeet et al., 1982;
Rehman et al., 2006). However, the quality of the wheat used to
prepare flatbread determines its nutritional quality.

Owing to the antioxidant, anti-inflammatory activities of anthocyanin
and other phytochemicals present in biofortified black wheat (BW)
(Sharma et al., 2018), it could be a better ingredient for enhancing the
nutritional quality of flatbread. Since flatbread is consumed by people
of all ages, it would be advantageous for many communities’ health

to switch from standard yellow wheat to a pigmented wheat variety.
Due to current awareness of changes in the glycemic index (GI),
following the consumption of carbohydrate-rich food, the intake of
pigmented cultivars, especially whole grains, has become more
popular in recent years due to its health-beneficial effects (Mitra et
al., 2021). This is especially true when it comes to preventing lifestyle
diseases like cancer, type 2 diabetes, and cardiovascular disease,
among others (Marquart, 2002; Fardet, 2010; Garg et al., 2016).
According to Arvidsson-Lenner et al. (2004), GI may have an impact
on one’s health and is based on the blood glucose response following
the consumption of 50 g of carbohydrates from food. GI of food can
be determined by both in vivo and in vitro techniques. However,
both techniques were strongly correlated for assessing starch digestion
(Bohn et al., 2018).

Postprandial hyperglycemia can also be modulated therapeutically
by targeting the -amylase and -glucosidase enzymes. These
enzymes played a crucial role in hyperglycemia observed in diabetic
patients after taking carbohydrate-rich foods due to the hydrolysis
of carbohydrates by these enzymes into simpler monomeric units of
glucose (Kim et al., 2005; Kwon et al., 2008). Hence, attenuation of
these enzymes involved in the hydrolysis of starch could lower the
postprandial increase in blood glucose after eating carbohydrate-rich
food and this could be of importance in the management of type-II
diabetes. Thus, GI and enzyme inhibitory activity could be regarded
as the primary metrics for assessing the antidiabetic potential of the
food.
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There has been considerable research relating to the development of
pigmented wheat flatbread, its quality analysis in terms of
organoleptic properties, and antioxidant activity (Kumari et al., 2020).
Little or negligible work has been done to determine the nutrient
adequacy and antidiabetic potential of pigmented wheat. Therefore,
the present study focuses on utilizing black wheat for the development
of black wheat flatbread (BWB) and aims to compare its nutritional
quality, nutrient adequacy, and antidiabetic potential against yellow
wheat flatbread (YWB).

2. Materials and Methods

2.1 Raw materials

Black wheat line (NABIMG-11-Black (BW/2* PBW621) (IC0620916;
INGR17003), a wheat (Triticum aestivum L.) germplasm with black
grain colour) and yellow wheat (conventional) (HD2967) were

procured from the local market of Uchaiti village, Moradabad, Uttar
Pradesh, India.

2.2 Cleaning and processing of grains

The grains were cleaned manually to remove any foreign substances
such as damaged seeds, dust particles, stones, and metal and glass
pieces. The samples were ground to make flour (Figure 1(b)) using a
Flour Mill (1HP, Domestic Atta Chakki, Kalsi, Ludhiana) and sieved
through British Standard Sieve No. 44 (355 microns) (Bassi et al.,
2020). Wheat flour thus obtained was stored in air-tight containers
till further analysis.

2.3 Preparation of flatbread

Flatbread was prepared using the method described by Cheng and
Bhat (2015) with slight modifications (Figure 2).

(a) Black wheat (b) Black wheat flour (c) Black wheat flatbread

Figure 1: (a) Black wheat, (b) Black wheat flour, (c) Black wheat flatbread.

50 g of flour + salt (@ 1.5 per cent) was added



Flour was sifted to mix salt uniformly



Water was added (30 ml)



Flour was kneaded manually to prepare dough (kneading time: 5 min)



Covered with a damp muslin cloth, the dough was allowed to rest at room temperature (RT) (25 ± 1oC) for 30 min



Dough was divided into balls of equal portions (avg. 40 g)



Dough balls were rolled into round flat sheets (approx. diameter 14 cm, thickness 1.75 mm) using rolling pin on a flat surface



Flatbreads were cooked for one minute on each side at 210°C on a hot induction plate, followed by 30 sec of flame-puffing



Flatbreads (avg. 25 g) were cooled on wire rack (5 min) at RT and seal packed in LDPE pouches (50 microns) till further analysis

Figure 2: Flow chart for preparation of flatbread.
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2.4 Nutritional analysis

The proximate composition of samples was analyzed using standard
methods AOAC (2012) except for crude fiber, which was estimated
using the AOAC (1995) method. The method outlined by Asp et al.
(1983) was used to determine the content of soluble, insoluble, and
total dietary fiber. Gluten content in flour was estimated using AACC
(2000). The inhibitory activity of -amylase and -glucosidase was
estimated by employing the technique described by Wongsa et al.
(2019) and Wang et al. (2015). Using the in vitro approach described
by Goni et al. (1997), the GI of flatbread was estimated and expressed
as predicted glycemic index (pGI). Area under hydrolysis curves
(AUC, 0 - 180 min) were computed using the trapezoid rule. The
relationship between the AUC for the test food and the reference
food (glucose), given as a percentage, was used to compute the
hydrolysis index (HI).

AUC = 
1
2  × 0.5 × {(Y0 + Y0.5) + (Y0.5 + Y1.0) + (Y1.0 + Y1.5)

+ (Y1.5 + Y2.0) + (Y2.0 + Y2.5) + (Y2.5 + Y3.0)}

(Y: concentration of glucose at different time intervals)

Hydrolysis index (H) = 
Area under curveof test sample ×100

Area under curve of glucose
pGI = 39.7 + 0.548 × HI

The approach of Sorenson and Henson (1975) was used to determine
the index of nutritional quality (INQ) and nutrient adequacy (%
RDA). It was calculated according to the following formula:

INQ = 
a × b
c× d

where,

   a - amount of the tested component in 100 g of the product;

   b - the standard value of energy demand depending on gender,
physical activity, age, and body weight;

  c -  energy value per 100 g of the product;

  d - the requirement for the tested component depending on age
and gender.

2.5 Sensory evaluation of flatbread

Sensory evaluation was carried out at the Sensory Analysis
Laboratory of the Department of Food Science and Nutrition, College
of Home Science, G.B. Pant University of Agriculture and Technology,
Pantnagar. Ten semi-trained panelists used a 9-point Hedonic scale
(1 being extremely disliked to 9 being extremely liked) to rate samples
(about one flatbread) based on sensory attributes such as color,
texture, taste, flavor, and overall acceptability (Amerine et al., 2013).
The samples were labeled with random three-digit numbers.

2.6 Statistical analysis

Statistical analysis was done using WASP (Web Agri Stat Package)-
2.0, ICAR Research Complex, Goa, India, and data was expressed in
terms of mean ± standard deviation (SD). The experimental data for
gluten content, GI, and sensory evaluation was analyzed for
differences in mean using a paired t-test (p<0.05). Proximate and
dietary fiber analysis data was analyzed for statistical significance
using analysis of variance (ANOVA). The correlation between the
hydrolysis index (HI) and the enzyme inhibitory activity of flatbread,
was ascertained using the Pearson correlation coefficient. At p<0.05,
differences were deemed statistically significant.

3. Results

3.1 Proximate and dietary fiber composition of flour and
flatbread

Black wheat flour (BWF) and yellow wheat flour (YWF) differed
significantly (p<0.05) for moisture, ash, protein, carbohydrate, and
physiological energy value (PEV) (Table 1).

Table 1: Proximate and dietary fiber composition of flour and flatbread (dw)

Parameter        BWF       YWF      BWB      YWB

Moisture (%) 07.76 ± 0.13d 09.48 ± 0.14c 24.06 ± 0.07a 22.09 ± 0.56b

Ash (%) 02.08 ± 0.02a 01.47 ± 0.07b 01.71 ± 0.03b 01.33 ± 0.00d

Crude protein (%) 11.80 ± 0.30a 10.07 ± 0.33b 11.64 ± 0.29a 09.60 ± 0.33b

Crude fat (%) 01.62 ± 0.04a 01.58 ± 0.24a 01.55 ± 0.06a 01.54 ± 0.07a

Carbohydrate (%) 76.72 ± 0.36a 77.39 ± 0.25a 61.03 ± 0.31c 65.44 ± 0.41b

PEV (kcal/ 100 g) 368.7 ± 0.16a 364.1 ± 1.16b 304.7 ± 0.41d 314.0 ± 0.39c

Crude fiber (%) 05.95 ± 0.21a 03.46 ± 0.06c 05.70 ± 0.07b 03.05 ± 0.12d

TDF (g/100 g) 18.99 ± 0.06a 12.09 ± 0.42b 19.032 ± 0.84a 12.09 ± 0.41b

IDF (g/100 g) 16.20 ± 0.77a 10.74 ± 0.43b 16.23 ± 0.78a 10.75 ± 0.42b

SDF (g/100 g) 02.79 ± 0.13a 01.35 ± 0.01b 02.80 ± 0.13a 01.36 ± 0.01b

BWF: black wheat flour, YWF: yellow wheat flour, BWB: black wheat flatbread, YWB: yellow wheat flatbread,
PEV- physiological energy value, IDF: insoluble dietary fiber, SDF: soluble dietary fiber, TDF: total dietary
fiber, dw: dry weight basis.
All values are Mean ± SD of three replicates on dry weight basis.
abcdvalues within the row with different superscript letters differed significantly (p<0.05) where, a>b>c>d.
Carbohydrate= 100 - (Moisture + Ash + Crude protein + Crude fat).



605

Wheat flour was found to have a low moisture content (<10%)
whereas, it was observed that the flatbread had higher moisture
content, which is a key component in the flatbread’s softness. Kumari
et al. (2020) reported a significantly higher moisture content of 9.96
and 39.18% in black wheat flour and its flatbread, respectively. The
ash content of the flours and flatbreads varied significantly (p<0.05).
The protein content of BWF and its flatbread was found to be
significantly higher than YWF and its flatbread. Nevertheless,
following baking of flatbread made with the respective flours, no
significant variation in the protein content was found. No significant
variation in the fat content of the flour and flatbreads made from the
two varieties of wheat was observed. The fat content of flatbreads
was not significantly affected by baking. There was a significant
difference (p<0.05) in the carbohydrate content after baking flatbread
made using the two flours. The carbohydrate content of BWF and its
flatbread was found to be lower than YWF and its flatbread. The
physiological energy value of BWF was found to be significantly
higher than YWF. The PEV showed a significant variation following
the baking of flatbreads made with the respective flours.

The content of different components of dietary fiber in BWF and its
flatbread was significantly higher than in YWF and its flatbread.
These results imply that, in comparison to yellow wheat, black
wheat could be regarded as a good source of dietary fiber and may aid
in blood glucose regulation.

3.2 Gluten content in flour

BWF showed significantly (p<0.05) lower gluten content (9.54%) as
compared to the YWF (11.20%). Singh and Singh (2006) and Kaushik
et al. (2015) also reported similar results for dry gluten in wheat
with values 5.9-10.1 and 8.65-10.35%, respectively.

3.3 -amylase inhibitory activity and -glucosidase inhibitory
activity

The findings from the inhibition of -amylase (1:2000U/mg) (Figure
3) showed that crude extract of BWF and BWB have significantly
higher enzyme inhibitory activity as compared to YWF and its
flatbread (p<0.05). However, it was observed that the processing of
respective flours to their flatbread showed no significant difference
in the enzyme inhibitory activity.

Figure 3: Per cent -amylase inhibition in black wheat, yellow wheat flour and their flatbread.
BWF: black wheat flour, YWF: yellow wheat flour, BWB: black wheat flatbread, YWB: yellow wheat flatbread.
Values are the means of three separate determinations (n =3).

Figure 4: Per cent -glucosidase inhibition in black wheat, yellow wheat flour and their flatbread.
BWF: black wheat flour, YWF: yellow wheat flour, BWB: black wheat flatbread, YWB: yellow wheat flatbread.
Values are the means of three separate determinations (n =3).

The -glucosidase(100U/mg) inhibition results (Figure 4) demonstrated
that crude extract BWF and BWB have significantly higher inhibition

for enzyme as compared to YWF and its flatbread (p<0.05).



606

3.4 Predicted glycemic index of flatbread

In comparison to YWB, BWB had a considerably (p<0.05) lower
predicted glycemic index (pGI). Average glucose level released from
the hydrolysis of starch from flatbread was estimated at each interval
of 30 min. Glucose levels peaked at 60 min for YWB whereas at 120
min for BWB, thereafter showed a trend of normalization. The

glycemic responses of the BWB and area under the curve were
significantly lower than the YWB at all time points (Figure 5). BWB
generated less percentage of hydrolysis (HI: 15.65 ± 0.48), whereas
the hydrolysis value for YWB (HI: 34.68 ± 0.55) was higher. Thus,
BWB showed a lower value of pGI (48.84 ± 0.28) and falls in the
category of low GI (<55). Whereas, YWB having a pGI value of 59.95
± 0.32, fell in the middle of the GI category (>55-<70).

Figure 5: Area under blood glucose response curve for black wheat flatbread (BWB) and yellow wheat flatbread (YWB).

Remarkably, the results of this investigation indicate a strong negative
association between the HI of flatbread and the suppression of -
amylase (r = - 0.998; p< 0.05; n = 2) and -glucosidase (r = - 0.999;
p<0.05; n = 2), potentially due to the inhibitory impact of
anthocyanins on the hydrolyzing enzymes.

3.5 Sensory evaluation of flatbread

Figure 6 shows that BWB and YWB had comparable acceptance
scores (no significant (p<0.05) difference) for taste, texture, flavor,
and overall acceptability.

Figure 6: Sensory evaluation of black wheat flatbread (BWB) and yellow wheat flatbread (YWB).
ab values with different superscript letters differed significantly (p<0.05) where, a>b.

On the other hand, the color of the flatbread showed a significant
(p<0.05) difference. Nonetheless, the current study’s findings imply
that despite its dark appearance, consumers preferred black wheat
flatbread since their taste, flavor, texture and overall acceptability
were similar to those of yellow wheat flatbread.

3.6 Nutrient adequacy of flatbread

Profile of 1 serving of flatbread (cooked weight-100 g), i.e., 4
flatbreads, 25 g each (cooked weight) as presented in Figure 7 shows

that one serving of black wheat flatbread could meet increased RDA
requirements of protein up to 21% and dietary fiber up to 57% as
compared to the yellow wheat flatbread in both male and female
Indian adults (ICMR, 2020).

Black wheat flatbread had a higher food quality index value than
yellow wheat flatbread for nutrients such dietary fiber, protein, and
energy, which are essential for the control of diabetes mellitus, which
makes black wheat flatbread a suitable and potential replacement for
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yellow wheat flatbread. Considering the INQ value of more than 1,
black wheat flatbread can thus be used in tackling protein deficiencies

as well as health issues associated with low dietary fiber in the diet
for both men and women.

Figure 7: Contribution to the nutrient adequacy (% RDA) and index of nutritional quality (INQ) by one serving (4 flatbreads, each
having cooked weight of 25 g) of black wheat flatbread (BWB) and yellow wheat flatbread (YWB) for Indian adults.
BWB: black wheat flatbread, YWB: yellow wheat flatbread. INQ>1 signifies product is a good source of nutrient (Sorenson and Hanson,
1975). RDA values for man (sedentary) were taken as standard reference (ICMR, 2020).

4. Discussion

To determine black wheat’s therapeutic potential for managing
diabetes, it is necessary to evaluate its nutritional quality, nutrient
adequacy, and antidiabetic potential. Present study included
estimation of proximate composition, dietary fiber components as
well as gluten to understand its nutritional quality. A low moisture
content (<10%) of wheat flours, is responsible for its extended shelf
life by inhibiting the growth of microorganisms and other biochemical
events that lead to spoiling. Nonetheless, it was observed that the
flatbread had higher moisture content, which is a key component in
the flatbread’s softness. Kumari et al. (2020) reported a significantly
higher moisture content of 9.96 and 39.18% in black wheat flour and
its flatbread, respectively. Ash, which indicates the mineral
composition of food and includes main elements like Na, K, Ca, and
Mg as well as trace elements like Fe, Zn, and Cu (Bilge et al., 2016),
was found in greater concentration in BWF and its flatbread. Kumari
et al. (2020) reported a lower value of ash content in black wheat
flour (1.83%) and flatbread (1.38%). Higher mineral content in black
wheat flour implies that hygroscopicity is indirectly rising due to
water-mineral connections and indirect interactions between minerals
and carbohydrates (St-Onge et al., 2002). Additionally, because bran
contains around twenty times the ash concentration of endosperm,
it is an excellent signal to understand the discrimination of bran and
germ from the wheat kernel during flour milling (Bilge et al., 2016).
Higher protein content might be attributed to the higher total amino

acids (8.88-18.91%), and higher essential amino acids (7.31-18.13
%) present in black wheat as compared to conventional wheat (Tian
et al., 2018). BWB’s increased protein content is thought to be a
major contributor to wheat’s economic worth and is beneficial for
fulfilling the daily demand for protein. A high-protein diet is beneficial
for diabetics as it supplies essential amino acids (especially sulfur-
containing) that repair the tissues and stimulate insulin secretion
without raising blood glucose during absorption unlike carbohydrates
(Mounika and Hymavathi, 2021). Additionally, it is responsible for
the quality of the developed product, i.e., puffiness in the case of
flatbread (Gujral et al., 2008). Kumari et al. (2020) found a slightly
higher value of protein for black wheat flour (12.14%). Other
researchers found a higher value of protein for pigmented wheat
varieties, such as purple wheat flour (15.17%) (Guo et al., 2013) and
purple durum wheat (13.82%) (Ficco et al., 2016). Fat content of
flatbreads was not affected by baking and similar observations were
made by Kumari et al. (2020). Baking reduced the carbohydrate
content of flatbreads made using the two flours. Lower carbohydrate
content can be responsible for the improved glucose response/insulin
resistance upon intervention as well as its lowering weight gain effect
(Sharma et al., 2020; Kumari et al., 2020). The PEV showed a
significant variation following the baking of flatbreads made with the
respective flours.

Higher fiber content was reported to be crucial to the health benefits
of food therefore, given that dietary fiber is a form of carbohydrate
polymer that is not broken down by the body’s own enzymes, and
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thus assisted in the management of diabetes, constipation, weight
management, and so on (Nidhi et al., 2022). Ficco et al. (2016) and
Kumari et al. (2020) found that colored wheat varieties (10-12%)
had higher dietary fiber content than yellow wheat (8-11%). These
results imply that, in comparison to yellow wheat, black wheat
could be regarded as a good source of dietary fiber and may aid in
blood glucose regulation. The genetic makeup of the cultivars,
variations in climate, irrigation techniques, milling, soil fertility, and
agricultural methods all affect wheat’s chemical composition, which
may account for the differences among different researches.

Gluten plays a crucial role in wheat quality since it gives produced
food products their strength, flexibility, and texture as well as ensuring
that flour is suitable for use in a variety of product development
processes. Gluten protein and its ability to absorb water are derived
from dry gluten, which is what gives gluten in flour its dry matter.
The lower content of gluten in pigmented wheat cultivars may be
attributed to the presence of high dietary fiber that affects both the
content and conformation of disulfide bonds. Gluten proteins undergo
structural alterations due to fiber; namely, in secondary and aggregate
structures, disulfide, and hydrogen bonding patterns (Zhou et al.,
2021). Nevertheless, there is no data that looked into wheat
accessions’ overall gluten level. To enable the value addition, a great
deal of study is thus needed, especially to validate the gluten nature
of black wheat (Dhua et al., 2021).

One important tactic for controlling postprandial hyperglycemia is
to inhibit the activity of -amylase and -glucosidase, enzymes
involved in the digestion of carbohydrates (Kim et al., 2005; Islam,
2006; Chethan et al., 2008). The existence of higher phenolic acid
content in black wheat (bound total phenolic acid content (TPC) and
free TPC were 1.6 times and 6 times higher, respectively) than in
normal yellow wheat, is likely the reason of the increased enzyme
inhibition in black wheat (Dhua et al., 2021). These compounds
influence amylases by either irreversibly interrupting the catalytic
process or by competing with the substrate to attach to the active
site of the enzyme. Through non-covalent interactions, such as
hydrogen binding, cation- interactions, salt bridge interactions, or
electrostatic forces (Sui et al., 2016), phenolic acids and starch
digestion enzymes interact (Martinez-Gonzalez et al., 2017). This
reduces the amount of surface area on starch granules that can react
with enzymes that are typical of cereal starches. Furthermore, -
amylase is inhibited in vitro by anthocyanins such peonidin-3-
glucoside, cyanidin-3,5-glucoside, cyanidin-3-glucoside, and cyanidin-
3-glucoside (Sui et al., 2017). Studies showed that phenolic extracts
of barley (Ramakrishna et al., 2017), millets (Ofosu et al., 2020),
beans (Habib et al., 2017), nigella seeds (Balyan and Ali, 2022), and
citrus fruits (Alu’datt et al., 2017), exhibited an inhibitory effect on
porcine -amylase. Generally, natural -amylase inhibitors derived
from plant sources often possess therapeutic potential for controlling
postprandial hyperglycemia by reducing the release of glucose from
starch. Wheat contained -amylase inhibitors, which exhibit strong
resistance to trypsin and pepsin digestion and thermal stability. As
a result, it was anticipated that these inhibitors would continue to
have their inhibitory effects even after sterilizing procedures (Oneda
et al., 2004).

Also, of all phenolic acids, ferulic acid is the major phenolic acid
present in black wheat that is the most potent -glucosidases
inhibitor, and is responsible for its antidiabetic potential (Nile and

Park, 2014; Wang et al., 2015). Studies showed that phenolic extracts
of barley (Ramakrishna et al., 2017), millets (Seo et al., 2015; Ofosu
et al., 2020), legumes (Tan et al., 2017), pigmented potato (Ramdath
et al. 2014), citrus fruits (Alu’datt et al., 2017), water chestnut (Gu
et al., 2021) and cumin (Ghalib and Mehrotra, 2022) phenolic extracts
exhibited inhibitory effect on -glucosidase. These phenolic acids
bind to the -glucosidase active protein pocket and decrease glucose
uptake by promoting the dissipation of the Na+ electrochemical
gradient. This gradient provides the driving force for active glucose
accumulation and, consequently, glucose transport (Welsch et al.,
1989). As a result, they are known to decrease absorption of glucose
and regulate postprandial hyperglycemia (Shobana et al., 2009),
making them potentially therapeutically useful in the management
of diabetes mellitus.

Lower GI of black wheat is in accordance with the finding of Kapoor
et al. (2022), who found that compared to regular wheat, black wheat
flour had the lowest in vitro GI. The mechanisms of lower GI in the
case of black wheat can be attributed to different factors: bioactive
component (anthocyanin), dietary fiber fraction, and lower gluten
content. Anthocyanins, particularly cyanidin-3-glucoside, were
encircled by the side chains of the porcine pancreatic á-amylase
active site. Of these, the side chain of GLU233 was thought to be
crucial in imparting the inhibition activity towards the enzymes that
break down carbohydrates (Sui et al., 2016), which decreased the
digestion by 6.31 to 17.45% (Lee et al., 2020). Dietary fiber is an
indigestible ingredient that significantly and negatively correlates
with pGI (r = - 0.751, p<0.05) (Kaplan et al., 2020). Dietary fiber in
food slows down the absorption of fat and glucose from the small
intestine (Oh et al., 2005; Adedayo et al., 2018). It also ferments in
the gut to produce short-chain fatty acids, which help regulate glucose
levels and reduce postprandial glucose and insulin responses (Lal et
al., 2021). Additionally, the reduced gluten content in BWF may be
a factor in the slower starch digestibility, which may be related to the
considerably weaker hydration qualities (Kan et al., 2020). This
might potentially impede the digestion of starch in vitro (De La Hera
et al., 2013; De La Hera et al., 2014). These findings imply that black
wheat’s ability to reduce blood sugar may make it a viable substitute
for yellow wheat.

Jenkins et al. (2002) suggested, however, that the idea of GI is not
the only factor considered when managing diabetes, and that more
research be done on pharmacological methods to reduce the
absorption of carbohydrates, perhaps by inhibiting the enzymes -
amylase and -glucosidase, which hydrolyze carbohydrates.
Enzymes involved in the metabolism of carbohydrates include -
amylase and -glucosidase. Strong negative correlation between HI
and enzyme inhibitory activity of hydrolyzing enzymes serves as
the cornerstone of the theory behind how -amylase and -
glucosidase inhibitors lower GI.

A nine-point Hedonic scale was used to assess the acceptability of
flatbread based on its color, flavor, texture, and overall acceptability
which showed that of all parameters, color attribute received the
lower score. Kumari et al. (2020) reported that the color of wheat
flatbread showed similar sensory scores as white wheat flatbread.
Earlier, scientific evidence mentioned that consumers prefer white
or yellow-colored wheat flatbreads over colored wheat flatbread
(CIMMYT, 1989).
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Recommended dietary allowances (RDA) are used to determine the
adequacy of nutrients in food. Depending on age and gender, RDAs
are the amounts of essential nutrient intake that are sufficient to
meet the recognized dietary demands of almost all healthy individuals
(NRC, 1989). However, it has been presumed that the other known
nutrients are consumed in suitable levels if sufficient quantities of
certain important nutrients are obtained only from prudent dietary
choices. Therefore, it is helpful to consider both nutrients and energy
as factors while making food choices. Another crucial metric for
determining food quality is the Index of Nutritional Quality (INQ),
which is a ratio of food’s nutrient-to-calorie content (Sorenson and
Hanson, 1975). For nutrients with an INQ above 1 for flatbreads
such as protein, dietary fiber and energy suggests that the product is
a good provider of nutrients and can be used to replace dietary
deficits, according to Markiewicz-Ukowska et al. (2022).

5. Conclusion

Flatbread is an important staple food that is consumed worldwide.
The present study thus focused on utilizing black wheat for the
development of black wheat flatbread and aimed to compare its
nutritional quality, antidiabetic potential, and nutrient adequacy
against yellow wheat flatbread. According to the study’s results,
black wheat flatbread had higher level of -amylase and -glucosidase
inhibition and a lower GI than yellow wheat, making it a potentially
better option for controlling hyperglycemia and inhibiting the
breakdown of carbohydrates. Considering the good nutritional quality
and higher INQ for protein and dietary fiber, consumption of black
wheat as a part of the dietary regime is recommended for health
benefits. Also, this crop needs to be further evaluated to establish its
therapeutic potential as a functional food for diabetes and other
lifestyle diseases to pave the way for industrial utilization.
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