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Abstract !
We conducted a comprehensive study to investigate how different
types of wheat affect the quality of biscuits. Our research included an
ancient wheat variety called T. spherococcum, as well as present-day Artiqle History_
cultivated hard wheat varieties and soft wheat varieties (7. aestivum). We Received: 25 April 2024
L Accepted: 03 July 2024
compared three hard wheat varieties (MACS6478, MACS2496, NI5439)
and two soft wheat varieties (HS 490, NIAW3170) with ancient wheat
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(T. spherococcum) to analyze various aspects such as agronomic, grain and Biscuit; HMW-GS;
flour physicochemical, dough mixing, and biscuit quality parameters. Our Hard wheat; SDS PAGE;
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results showed that soft wheat has a weaker association between starch ottwheatl, spread factor

and the protein matrix in the grain, leading to less starch damage, a lower
particle size index (PSI), and higher flour recovery than hard wheat. Soft
wheat flour also has lower gluten strength, a higher gliadin fraction, and
decreased mixing resistance. Additionally, soft wheat flour has lower starch
damage, which results in lower alkaline water retention capacity (AWRC)
than hard wheat flour. These physiochemical findings helped us better
understand how these traits related to biscuit quality. The study concluded
that simple and fast physiochemical tests such as PSI, MST, AWRC, and
flour protein content would help to select the best biscuit-quality wheat.
These tests are quick and simple and do not need high-end sophisticated
instruments. We also concluded that T. spherococcum was a hard wheat,
and its flour physicochemical dough mixing properties were similar to that
of hard wheat. It also produced inferior quality biscuits like hard wheat.

Introduction of 4.13% during the forecast period from 2023 to
The Indian biscuits market was valued at USD 3.19  2029.%5 The market is being driven by the increasing
billion in 2022 and is expected to grow at a CAGR  demand for healthy and clean-label products
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such as biscuits. Manufacturers can expand the
market further by introducing innovative shapes,
new flavours, attractive packaging, and more
nutritious options to attract customers. Additionally,
the growth of the biscuits market in India is driven
by increasing urbanisation and rising disposable
incomes, as people tend to spend more on snacks
and convenience foods like biscuits.*

Wheat is a widely used staple grain in most countries
and is used to make various finished foods like
cakes, pastries, noodles, bread, pasta, and chapatis.
The critical factors determining wheat's suitability
for a particular end-use are its grain texture (soft or
hard), protein, and starch content. Grain hardness
plays a significant role in determining the mechanical
and structural characteristics of the grain and is
typically defined as the force required to crush the
grain or the grain's resistance to mechanical forces.
Based on grain hardness, wheat is classified into
two types: soft wheat and hard wheat. Soft wheat is
primarily used to make biscuits, while hard wheat is
mainly used to produce pasta and bread.64?

Wheat gluten proteins consist of monomeric gliadins
and polymeric glutenins.*® The quality and quantity
of gliadins and glutenins primarily determine the
functionality of wheat flour. Glutenins are composed
of high molecular weight glutenin subunit (HMWV-
GS) and low molecular weight glutenin subunit
(LMW-GS).%® The composition of HMW-GS and
LMW-GS determines gluten elasticity and strength.3
Soft wheat flour, chosen for its finer texture, higher
amylose content, and lower gluten protein levels
than hard wheat flour, is exceptionally well-suited
for crafting biscuits, cakes, and crackers. Its finer
particle size lends a smoother consistency to
baked goods, while the elevated amylose content
contributes to softer textures in biscuits and cakes
and crispiness in crackers. With fewer gluten
proteins, the gluten network in the soft wheat
dough is weaker, resulting in the desired tender,
crumbly textures in biscuits and cakes and flaky
layers in crackers. Moreover, the variation in gluten
protein content within soft wheat flour affects baking
qualities, with significant correlations being observed
between specific protein fractions and attributes,
such as single kernel hardness index and mixograph
water absorption or tolerance. Despite these positive
associations, certain protein fractions may negatively

affect break flour yield, biscuit diameter, and cake
volume, highlighting the intricate interplay between
soft wheat flour composition and its suitability for
various baked goods.*

Research on soft wheat flour applications remains
limited, particularly in products like biscuits and
muffins. However, soft wheat flour was favoured for
biscuit production due to its attributes, including a
more significant spread factor, lower thickness, and
tender texture. Soft wheat flour finer particle size
and lower water absorption enhance its suitability
for biscuits. Despite these advantages, there is a
need for more exploration to understand and fully
utilize its potential in various baked goods.? In India,
soft wheat is cultivated in a limited area. Most wheat
production areas prefer the production of hard-
textured varieties.

As a result, hard wheat flour is commonly used to
make biscuits, cakes, and other similar products.
However, there have been efforts to address this
issue. The ICAR-IARI Regional Station in Shimla
has developed a variety of wheat called HS 490
with a lower grain hardness index.?? While there has
been limited research on glutenin characterization
for biscuit quality in Indian soft wheat, certain
combinations of high molecular weight glutenin
subunits from hard wheat can improve biscuit quality
in India, potentially mimicking the properties of soft
wheat. This study aims to assess the texture,
physiochemical properties, and biscuit quality
of ancient wheat known as T. spherococcum
and modern hard and soft wheat genotypes.
T. spherococcum is an indigenous species
of southern Pakistan and northwestern India. It was
widely cultivated in ancient Indian cultures, but
its cultivation declined in the early twentieth
century, particularly after the Green Revolution.
The introduction of high-yielding, disease-resistant
modern wheat varieties in India that are also
responsive to irrigation and fertilizers led to the
decline of this ancient crop.®* The study also
analyzes the HMW-GS profiles and their effects
on flour, dough mixing, and rheological properties.
Additionally, the research examines the differences
in agronomic characteristics, microscopic grain
textures, flour physiochemical properties, and
biscuit-making qualities between hard and soft wheat
cultivars and ancient wheat.
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Material Methods

Plant Material.

Three hard wheat varieties (N15439, MACS6478,
MACS2496), two soft wheat varieties (HS 490,
NIAW3170), and an ancient wheat T. spherococcum
grains were obtained from MACS ARI (Maharashtra
Association for the Cultivation of Science), Pune.
The experiment was conducted using a random
block design with three replications, where plot sizes
were five lines of 1.5 m and each spaced 20 cm
apart. All the sowing experiments were carried out
during the regular season of 2020-2021 and 2021-
2022 at MACS AR, Hol, Baramati experimental farm.
The fields are at an elevation of 538 m above sea
level, with a latitude of 18° 31" and a longitude of 73°
55'E. The soil composition comprises black cotton
and mildly alkaline soils (pH 7.5). The recommended
fertilisation dose was 120 kg N, 60 kg P, and 40 kg
K per hectare. Half of the nitrogen quantity and the
total dose of P and K were applied as an initial dose,
while the remaining nitrogen was applied after the
first irrigation.

Scanning Electron Microscopy (SEM) of wheat
grain

First, the grain was longitudinally cut in the centre.
Then, the endosperm was sliced to a 1 to 2 mm
thickness. Subsequently, it was affixed with double-
sided tape onto an aluminium electron microscope
stub. The initial cut surface was gold sputter-coated
to a thickness of 100 A. Photographic images were
taken at 1.5KX at 20 kV, employing a ZEISS Supra
ten VP field emission scanning electron microscope.
(Carl Zeiss, Germany).

HMW-GS protein Extraction and Identification

HMW-GS proteins were extracted, and SDS-PAGE
electrophoresis was carried out following the method
mentioned by.*® The electrophoresis was conducted
using a Hoefer SE600 system (Hoefer Pvt Ltd, USA).
Allelic classification of HMW-GS loci for Glu-A1,
Glu-B1 and Glu-D1 loci was done according to.*®

Agronomical and Grain Characters

A thorough evaluation of agronomic traits was
conducted in three replicates to assess the harvesting
index (HI) parameter. HI was calculated as the ratio
of grain to the total shoot dry matter, which indicated
reproductive efficiency. The thousand-grain weight
in g (TGW) and hectolitre weight in Kg/hl (HW) were
determined as described in."®
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Flour Physiochemical Properties

Various physical properties of flour were thoroughly
examined using specific methodologies tailored
to each aspect. Whole-grain samples (35 to 40 g)
were milled using a Cyclotec 1093 mill (Foss Tecator,
Sweden). The flour obtained was used for
physiochemical analysis. The particle size index
(PSI) was determined as described in.' The AWRC
test, which assessed flour hydration capacity under
alkaline conditions, was conducted following the
protocol outlined.* Micro sedimentation test (MST)
and swelling index of glutenin (SIG) were reliable
methods providing insights into gluten strength. They
were performed using sodium lauryl sulphate and
lactic acid, as described.'®%" Flour protein content
(FPC) analysis was determined using Duma's total
combustion method, proposed,*” utilizing a CHNS-
1000 elemental analyzer (Leco Inc, USA). The
protein content was determined using the formula:
Nitrogen content of flour *5.82 (factor for wheat
flour). All analyses of flour samples were carried out
in triplicate, following the methodology outlined.?*

Milling Properties and Flour Recovery

To examine flour recovery and biscuit-making
properties, each cleaned wheat grain sample
weighing 250 g was tempered by mixing it with
water in a tightly closed container. After 16 hours, the
moisture content of tempered wheat was adjusted
to 15.6% by adding water.! This tempered sample
was then milled in a laboratory flour mill (NAMAD
s.n.c. Roma). Milling typically yields flour with
varying particle fractions and fine and coarse particle
proportions. One hundred grams of milled sample
were sieved for 10 minutes using a laboratory sifter
(AS 200 controls, Retsch, Germany). Sieve fraction
samples were differentiated into three different
milling fractions:>850um bran, <850um-250um
semolina, and <250um maida (fine flour) and flour
recovery were calculated.

RP-HPLC

RP-HPLC can separate gliadins or glutenin
subunits according to molecular size and protein
hydrophobicity. Compared to SDS-PAGE, RP-HPLC
separation is extremely precise, fully automated, and
highly reproducible for identifying and quantifying
proteins.?® Gliadin and glutenin samples were
extracted using 50mg of wheat flour. Gliadin was
extracted using the method given.® Extraction of
glutenin is done according to the process by.* Gluten
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proteins were separated using an HPLC instrument
(LC-2050 3D, Shimadzu. Japan) with a C8 column
(Poroshell 300SB-C8). Glutenins were separated
following the gradient RP-HPLC protocol described
by.®8 Gliadins were separated following the gradient
RP-HPLC protocol described by.?® Glutenins and
gliadins were quantified by measuring the total
area (maU) under the peak. The separated gliadin
chromatograph was divided into three fractions (w,
a/B, y), and the glutenin chromatograph was divided
into HMW-GS and LMW-GS glutenins. The eluting
solvents were water (100%) and acetonitrile (100%)
containing 0.01% TFA. Arunning time of 16min was
used (flow rate 1mL/min), and eluted protein was
detected at 214 nm. Gliadin and glutenin sample
injections were always 10pL.

Mixograph Properties

Dough mixing properties were studied using the 10g
Mixograph. A mixograph is valuable for measuring
and recording dough resistance during mixing.
Following the1, 10 grams of flour on a 14% moisture
basis were meticulously weighed and mixed at water
absorption (62%). The mixing procedure utilized a
10g Mixograph (National Manufacturing Co., USA)
connected to a computer, adhering1. The acquired
data underwent analysis using Mixmart software
(v. 3.4023), facilitating the recording of over 40
mixograph parameters. Various parameters were
employed to characterize the height and width of
curves at significant points in the mixing process.
Only midline curve parameters were considered
for this study. At the peak, parameters such as
Mixograph Peak Value (MPV) and Mixograph Peak
Width (MPW) were evaluated, representing the
curve's height and width, respectively. Similarly, at
the end of the mixing process (8 minutes), Mixograph
Value at 8 Minutes (MTV) and Mixograph Width
at 8 Minutes (MTW) were assessed. Additional
parameters included Mixograph Peak Time (MPTi)
and Midline Curve integral for the first 8 minutes
(MTxI). Dough weakening, a critical aspect, was
quantified by calculating the difference between
curve height values at peak time and 8 minutes
of mixing. This derived parameter, the weakening
slope (WS), was expressed as WS = MPV-MTV,
following the methodology proposed by.*

Biscuit-Making and Quality Testing
Two biscuits were prepared from each wheat flour
sample following the AACC micro method biscuit
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protocol.! Biscuits were cooled at room temperature.
Then, prepared biscuits were stacked flat, and
the stack height was measured using a scale.
The biscuits were restacked and measured again
to determine the average thickness. For width
measurement, biscuits were laid edge-to-edge.
Additionally, the biscuitswere rotated by 90° and
measured again to determine the biscuit diameter.
The spread factor (SF) was calculated as the ratio
of the average biscuit thickness to the average
diameter.Biscuit hardness was assessed using
a texture analyzer instrument (TA-XT2i, Stable
Microsystem UK). A Snap test for biscuit cutting
was conducted following the procedure outlined.*!

Statistical Analysis

The collected data underwent an analysis of variance
(ANOVA) test. When the results were significant
(p=0.05 and p=<0.01), the least significant difference
(LSD) test was performed to detect any significant
differences among the samples. The ANOVA and
LSD analyses were conducted using the Agricolae
R package,® and correlation analysis was performed
using the corrplot R package'? in RStudio software.®

Results

Grain Texture Study

The grain SEM images of different wheat genotypes
showed a clear-cut difference in starch and protein
matrix interactions Figure 1. HS 490 and NIAW3170
are soft wheat with a looser arrangement between
starch and protein matrix; the starch body borders
were smooth like river pebbles. Hard wheat
genotypes MACS2496, MACS6478 and NI15439
showed the aggregation of compact protein and
starch bodies, no clear separation of starch and
protein bodies, and more interactions between
these two entities. The SEM grain image of
T. spherococcum also showed hard wheat-type,
starch and protein matrix arrangements.

HMW-GS Identification

The HMW glutenin subunits were analysed for all six
wheat genotypes and the standard Chinese spring
Figure 2. At the Glu-A1 loci, three different alleles
were detected; at Glu-B1, there were four alleles;
at Glu-D1, only two were detected (Figure 2). The
HMW-GS allelic distribution of these genotypes
was tabulated in (Table 1). HS 490, NI5439 and
T. spherococcum showed a null allele (Glu-A1c)
at the Glu-A1 locus. While,genotypes, NIAW3170
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and MACS6478, showed 2* (Glu-A1b) at Glu-A1
loci. MACS2496 showed the HMW-GS 1 (Glu-A1a)
at Glu-A1. At Glu-B1 locus, genotypes NIAW3170,
MACS6478, NI5439 showed 17+18 (Glu-BTi), HS
490 showed 7+8 (Glu-B1b) and MACS2496 showed
7+9 (Glu-B1c) HMW-GSs. T. spherococcum showed
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wo=65mm

3 y 4
si Date
Wo= 55mm Meg= 150KX Photo o, = 21711

Signal A= SE1 Date 18 Mor 2024
Mag= 150KX Photo o, = 36727

different HMW-GS at the Glu-B7 locus, which we
named the Glu-Bfts allele (17+8). In this Glu-B1ts
allele, the Glu-B1x band moves with similar mobility
as HMW-GS Bx17, but the Glu-B1y moves faster
than that of HMW-GS By18 and its mobility was
similar to HMW-GSBy8

EHT= 20004 Signal A= SE1
wo=70mm Mag= 150KX

Date:1 Apr 2024 zexss|
Photo No. = 36970

HS 490

EHT= 20004V
wo=55mm
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Fig. 1: The SEM analyses of starch granules from different hard and soft wheat grain textures at
1.5KX magnification

Fig. 2: The HMW-GS separation using SDS-PAGE of hard and soft wheat genotypes.
A- MACS2496, B- N15439, C- HS490, D- Chinese Spring, E- T. spherococcum,
F — MACS 6478 and G- NIAW3170.
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Table 1: HMW-GS score of soft and hard wheat phenotype

Genotype Glu-A1 Glu-B1 Glu-D1 Reference
Soft wheat

HS 490 Null (c) 7+8(b) 2+12(b) 21
NIAW3170 2*(b) 17+18(i) 2+12(b)

Hard wheat

MACS2496 1(a) 7+9(c) 5+10(a) 38
MACS6478 2*(b) 17+18(i) 2+12(b) 20

NI15439 Null(c) 17+18(i) 2+12(b) 20

T. spherococcum Null (c) 17+8 2+12(b) -

Agronomical and Grain Characters

Agronomical and grain characters were mentioned
in Table 2. All the genotypes showed similar tillering
habits. T. spherococcum showed the highest tillering.
The tiller count per meter ranges between 89 and
103. Hectolitre weight showed ranges of 75 g-77 g;
all the studied genotypes showed similar hectolitre
weight, although the grain textural parameters
differed. We do not observe a significant difference
in hectoliter weight between hard and soft wheat.

T. spherococcum showed a significantly lower
harvest index value, while the other genotypes
showed similar HI. The Hl ranged from 0.32 to 0.48.
Lower TGW was observed in T. spherococcum (23g),
as the grains were small and spherical. N15439,
a rainfed bread wheat variety, also showed lower
TGW (32g). MACS2496 also showed lower TGW,
like NI5439, possibly due to the 1B/1R translocation.
In contrast, the rest of the genotypes studied showed
higher TGW.

Table 2: Agronomical, grain and physiochemical properties of soft and hard wheat.

Genotypes Tiller count/meter  Hectolitre wt (g) HI TGW (g)
Soft wheat

HS 490 992 772 0.422 392
NIAW3170 892 772 0.442 36°
Hard wheat

MACS2496 972 772 0.442 342
MACS6478 892 782 0.432 342
NI5439 902 772 0.46° 320
T. spherococcum 1032 752 0.34° 23¢
LSD (p<0.05) 19 4 0.1 6
Mean 95 77 0.42 33
Stdeva 6 1 0.05 5
CV (%) 6.2 1.1 12.2 16.5

LSD: p<0.05, Stdeva- Standard deviation, CV (%) — coefficient of variation.

Flour Physiochemical Properties

A total of five flour physiochemical properties were
studied. Flour protein content ranged from 13% -
15%, and both, the soft wheat genotypes showed a
lower flour protein content. Meanwhile, MACS2496
and NI15439 showed higher FPC (Table 3). Gluten

strength was measured using the MST and SIG
tests. MST ranges from 7cm-8cm, while SIG ranges
from 4-5(Table 3). Soft wheat showed lower MST and
SIG values, while hard wheat and T. spherococcum
showed higher gluten strength (MST and SIG).
AWRC ranges from 91%-122% (Table 3); soft wheat
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showed lower AWRC values than hard wheat.
T. spherococcum also showed a higher AWRC value.
The particle size index ranged from 21 to 29, and
soft wheat (HS 490 and NIAW3170) showed higher
PSI values than the rest of the studied genotypes
(Table 3).

The study analyzed flour recovery from milling the
grains and separated the output into bran, semolina,
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and flour (Table 3). All genotypes had similar bran
content, ranging from 18% to 20%. However, soft
wheat had significantly lower semolina content (17%)
than hard wheat (24%-25%). Moreover, soft wheat
showed higher flour recovery (64%) than hard wheat
(56% to 58%). Ancient wheat T. spherococcum had
significant differences in milling fractions compared
to soft wheat, and they were observed to have hard
wheat milling properties(Table 3).

Table 3: Agronomical and grain characters of soft and hard wheat flour.

Genotype MST SIG FPC PSI AWRC Bran Semolina  Flour
(cm) (%) (%) (%) (%) (%) (%)
Soft wheat
HS 490 7.03° 3.82¢ 13¢ 272 92° 182 17° 642
NIAW3170 7.11¢ 4.00° 13¢ 292 91° 192 17° 642
Hard wheat
MACS2496 8.25% 4.90° 152 230 1162 192 242 57°
MACS6478 7.52% 4.36%° 142> 21° 1192 182 252 58°
NI15439 8.052 4.76° 152 21° 1222 192 252 57°
T. spherococcum 7.38¢ 52 14be 24> 1132 202 252 56°
LSD (p<0.05) 1 1 3 5 17 2 3 3
Mean 8 4 14 24 109 19 22 59
Stdeva 0.05 0.05 1 3 14 1 4 4
CV (%) 6.5 9.7 5.6 11.8 124 3.6 17.4 6.6

LSD: p<0.05, Stdeva- Standard deviation, CV (%) — coefficient of variation.
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Fig. 3: Dough mixing properties of soft and hard wheat flour.
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Mixograph Properties

Dough mixing properties of wheat genotypes were
tabulated in Table 4 and graphically represented
in Figure 3. Soft wheat showed significantly lower
values for all the studied mixograph traits except
MTV. In mixograph midline peak parameters, MPTi
ranges from 2min-4min, MPV ranges from 54%-
64%, and MPW ranges from 19%—41%. Meanwhile,
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in a mixograph, midline tail parameters like MTV
rangefrom 51% to 62%, MTW ranges from 11% to
32%, and MTxI (%) ranges from 344% to 524%.
The dough-mixing properties of T. spherococcum do
not significantly differ from hard wheat flour dough
mixing properties (Table 3). We observed that soft
wheat flour exhibits lower resistance to flour mixing
in the mixograph.

Table 4: Mixing properties of soft and hard wheat flour.

Genotypes MLV MLW MPTi MPV MPW MRW MRV MTV MTW MTxlI WS
(%) (%) (Min) (%) (%) (%) (%) (%) (%)  (%*Min)

Soft wheat

HS 490 54¢ 41° 2° 56° 19° 15¢ 556 55% 12° 344> 1.7°
NIAW3170 52¢ 41° 2° 54¢ 18° 15¢ 53¢ 51° 11* 352> 1.5¢
Hard wheat

MACS2496 59 432 4 63> 452 413 58 55% 293 460% 4.7°
MACS6478 612 422> 52 672 467 432 63® 62 318 502 3.7°
N15439 58% 45 4 63> 452 432 57> 55% 322 524@ 512
T. spherococcum 59% 482 3cd 643 418 37 602  57* 242  478c 352
LSD(p<0.05) 4 7 1 4 8 6 5 8 9 71 2
Mean 57 43 3 61 36 32 58 56 23 443 3
Stdeva 3 3 1 5 14 14 4 3 10 77 2
CV (%) 5.9 6.2 320 77 378 419 63 6.1 412 173 4438

LSD: p<0.05, Stdeva- Standard deviation, CV (%) — coefficient of variation.

Table 5: Gliadin and glutenin quantification of soft and hard wheat flour using RP HPLC.

Genotype w gliadin a+f gliadin y gliadin LMW-GS HMW-GS
(mauU*10°) (mau*10°) (mau*10°) (mau *10°%) (mau *10°%)

Soft Wheat

HS 490 18> 372 452 202 7°

NIAW3170 202 362 442b 16° 7°

Hard wheat

MACS2496 14> 29° 33¢ 202 82

MACS6478 14> 26° 34¢ 202 7°

NI15439 172 24 32¢ 192 82

T. spherococcum 1680 28 30 202 7°

LSD (p<0.05) 5 7 7 4 1

Mean 17 17 36 19 7

Stdeva 2 2 6 1 0.04

CV (%) 13.8 13.8 17.6 7.3 3.1

LSD: p<0.05, Stdeva- Standard deviation, CV (%) — coefficient of variation.
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Gliadin and Glutenin Quantification using
RP-HPLC

Gliadins and glutenins were separated and quantified

using the RP-HPLC technique (Table 5 and Figure. 4).
Soft wheat showed significantly higher omega,

alpha/beta and gamma gliadins contents than hard
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wheat genotypes (Table 5). Soft and hard wheat
showed similar HMW-GS and LMW-GS content.
Except NIAW 3170 showed significantly lower LMW-
GS content. Ancient wheat T. spherococcum also
showed gliadin and glutenin contents as like hard
wheat genotypes.
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Fig. 4: Gliadins and glutenins RP-HPLC chromatogram of soft and hard wheat flour.

Table 6: Biscuit quality properties of soft and hard wheat flour

Genotypes Height (cm) Diameter (cm)  Spread factor Hardness (N)
Soft wheat

HS 490 09b 7.8a 9a 118 b
NIAW3170 0.8b 7.6a 9a 118 b
Hard wheat

MACS2496 1.1a 7.3 ab 7b 180a
MACS6478 1.1a 7.3 ab 6¢ 179 a
NI5439 1.2a 7.2 ab 6¢ 159a
T. spherococcum 1.1a 7.7 a 7b 162 a
p<0.05 0.2 1 1 35
Mean 1 7 7 153
Stdeva 0.2 0.05 1 28
CV (%) 15.2 3.7 19.5 18.4

LSD: p<0.05, Stdeva- Standard deviation, CV (%) — coefficient of variation.
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Wheat Biscuit Quality

Biscuits were baked from the flours of all the wheat
genotypes studied. Four important biscuit quality
parameters, such as height, diameter, spread factor
and hardness, were recorded and tabulated (Table 6).
Representative biscuits of all the genotypes were
showed in Figure 5. Biscuit height ranges from 0.9cm
to 1.2cm, biscuit diameter ranges from 7cm to 8cm,
biscuit spread factor ranges from 6 to 9, and biscuit

MACS6478

NIAW3170

‘7 -
NI5439
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hardness ranges from 118N to 180N. Soft wheat flour
produced biscuits with a significantly lower value
for hardness and height than hard wheat genotype
biscuits. We also observed higher values for biscuit
diameter and spread factor in soft wheat flour
biscuits than in hard wheat flour biscuits. Biscuits
made from the T. Spherococcum showed inferior
properties to hard wheat flour biscuits.

 MACS2496

T. Spherococcum

Fig. 5: Biscuit quality of soft and hard wheat flour.

Correlation Analysis

A higher biscuit spread factor is mainly associated
with better biscuit-making quality. So, in correlation
analysis, we correlated the biscuit spread factor
with other studied parameters. Correlation analysis
showed that spread factor had a significant negative
association with biscuit hardness (r = -0.73), AWRC
(r = -0.89), semolina content (r = -0.83), gluten
strength parameters MST(r = -0.62), SIG (r =-0.64)

and flour protein content (r = -0.51) Figure. 6a.
However, the spread factor showed significantly
positive associations with flour recovery (r = 0.80))
and PSI(r = 0.61) parameters. Most of the dough
mixing parameters showed a strong negative
correlation with the biscuit spread factor (Figure. 6b).
The Gliadins fractiona+ (r = 0.77), w(r = 0.51) and
y (r = 0.76) exhibited a strong positive correlation
with the biscuit spread factor Figure 6B.



METHE et al., Curr. Agri. Res., Vol. 12(2) 803-819 (2024)

Tillers/m

Pearson's oz 027
Correlation ___Seainss B}

B . 006 013034 gigeyit ht (cm)

ns s =
-10 05 00 05 10 0.06 0.10 -0.34
e AWRC (%)

I ns  ns

"13’ Samolina (%)
Biscuit hardness (M)
iled

MST (em)
FPC (%)

B e

ns

 ns | ns BETTRe £
025 0.08 025 004 001 0.04 007 014 025 230 Hecygiter(g)
ns ns ns  ns ns ns ns ns

2 Biscuit 5F
023 -0.12' 0.30 Maida l%l
NS _ns NS

013 019 025

DD D B N
Q’O\x@\fé@‘

ns ns
I P I I ST S o
F o O~ &Y & ®
F & F A K 5 ol AT
I T @3,&69#&\‘:‘1}'09&9
r &

ns p>=0.05*p<0.05 " p<0.01,and " p<0.001

Fig. 6A: Pearson correlation agronomical and flour
physiochemical properties with biscuit quality

MPT (m)
WS (%)
Pearson's MRWY (%)
Correlation
| MPVV (%)

10 05 00 05 1.0
MTW (%)

MTI (%)
Biscuit ht (cm)
MLWV (%)
HMW GS (pV's)

0.08
| na

MRV (%)

t:‘:a MPV (%)

017
LT MLV (5}

008 MTV (%)
na

011
p Glutenin (uVs)
3 | 012 LMW GS (uVs)

038 033 022 010
= - ns ns ns

-n%lz | -0.23 w (pVs)
Lok Biscuit SF
ns
.n":! a+f (uWs)
028 Wik
= Gliadin (pVs)
e v vs)
o

ns p »= 0.05.* p < 0.05, " p < 0.01; and *** p < 0.001

Fig. 6B: Pearson correlation mixograph and flour
RP HPLC properties with biscuit quality

813

Biscuit Diameter (c



METHE et al., Curr. Agri. Res., Vol. 12(2) 803-819 (2024)

Discussion

Grain Texture

Wheat hardness is a crucial commercial trait for
marketing and processing and varies between
soft and hard wheat. The soft wheat SEM images
show a weaker arrangement of starch and protein
bodies and lesser starch damage, with smaller
B granules (5umto 9.9um), while hard wheat has more
A granules (10um to 50um).2° Grain hardness is
governed by the hardness locus (Ha) . Itis influenced
by friabilin, a 15 kDa starch granule-bound protein.
Soft wheat has more friabilin (primarily made up of
two proteins (PINA and PINB) than hard wheat.>
The knocking down of puroindolines (PINA and
PINB) alters the grain texture.%® In our findings,
these factors may lead to weaker starch and
protein matrix interaction in soft wheat than in hard
wheat, which was also observed in this study. In the
T. spherococcum genotype, no loose arrangement
was observed between the starch and protein
matrix. Based on our result, it can be inferred that
T. spherococcum falls into the category of hard
wheat.

HMW-GS and Quality Score

The expression of various quality characteristics in
hard wheat and soft wheat was altered due to the
diverse distribution of subunits at different Glu-1 loci,
and this differential allelic combinations of HMW-
GS alters the quality score.*® A positive correlation
between the damaged starch and Glu-1 score,
which depends on HMW-GS.234 HMW-GSs allele
Glu-Ata (1), Glu-B1i (17+18) and Glu-D1d (5+10)
have a higher impact on gluten quality, which may
be used in bread making, while other HMW-GS
alleles like Glu A1b(2*), GluB1b(7+8), GluB1c
(7+9), GluD1d(2+12) show lower quality score for
breadmaking. The alleles inferior for bread making
may be superior for biscuit making. Currently, bread
quality scoring is followed using the Glu-1 quality
score, but this method is unsuitable for biscuits. In
our present study, we observed soft wheat HS 490
contained Glu-B1b (7+8) and Glu-D1d (2+12), but
in NIAW3170, this was not true, as it contains strong
Glu-B1i (17+18), alleles at Glu-B1. We observed
lower Glu-1 quality scores associated with alleles for
Glu-D1 and Glu-A1 loci in studied hard wheat and
T. spherococcum. This may be due to the suitability
of this wheat for chapati making, which requires
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medium to lower gluten strength and hard texture
grains. Generally the a lower Glu-1 quality score may
be preferred for good biscuit-making.*®

Agronomical Properties

A range of agronomic and physiological
characteristics impacts the grain yield in wheat.”3°
Agronomic factors like harvest index (HI), the
number of productive tillers, and higher TGW have
significantly enhanced wheat grain yield. Similar to
the results reported by,*® no differences in TGW,
and total yield were observed between hard and
soft-grain wheat in this study. T. spherococcum
ancient wheat has a smaller spherical grain size,
resulting in lower TGW and hectolitre weight,
similar to the research findings mentioned."* The
T. spherococcum wheat exhibited a lower Harvest
Index (HI) due to its lack of breeding for higher
grain yield, resulting from the absence of selection
pressure for grain yield advancement at that time.

Flour Physiochemical Properties

The functionality of wheat for specific enduse is
closely linked to the protein content and composition
of the grain.*® Hard wheat, rich in protein (gluten), is
ideal for bread and delicate cakes, whereas durum
wheat flour is perfect for pasta like macaroni and
spaghetti. Soft wheat, which is lower in protein and
negatively influences gluten strength, is commonly
used in biscuits, crackers, and breakfast foods.?'
MST and SIG are essential techniques for disting-
uishing wheat varieties based on qualitative and
quantitative determination of gluten. In MST,
the resulting sediment is associated with the
swelling of glutenins, which is closely related to the
breadmaking quality.*® MST values and swelling
gluten index indicate variations in gluten strength as
higher gluten content leads to higher sedimentation
volume.'” Lower gluten strength is considered best
for biscuit production as it minimizes the inhibition
of biscuit spread during baking.®' The AWRC is a
test used to select flour with excellent biscuit quality.
The flour fractions containing pentosans, proteins,
glycoproteins, and damaged starch are believed
to contribute to AWRC.™ The AWRC is directly
related to the increased damaged starch, which
will also increase flour water absorption/holding
capacity. High-quality biscuit-baking flours result
in large biscuit diameters and low AWRC values.™
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We can also observe that soft wheat has a lower
AWRC value and a looser starch and protein matrix
(Figure.1).

PSI value acquired by grinding wheat samples
sifting through a 0.075 mm sieve shows a notable
correlation with flour yield. A high flour percentage
passing through the sieve indicates grain softness.
The critical quality criterion remains the enlargement
of the biscuit diameter.”® A desirable biscuit diameter
is typically linked with soft-textured wheat with lower
protein content. These wheat grains produce more
break flour with finer particle sizes. We observed
a higher fine flour fraction with a lower semolina
faction in milling recovery. Refined flour obtained
from soft wheat has a lower particle average size
as described by.*

The PSI and AWRC are important factors that
determine the hardness of the grains. As shown in
(Figure 1), soft wheat has a less compact adherence
to starch and protein matrix than hard wheat. This
results in lower AWRC and higher PSlI levels for soft
wheat. On the other hand, hard wheat has a more
intricate protein and starch matrix structure, which
leads to higher AWRC and lower PSI levels.

Mixing Properties

The mixograph offers insights into the rheological
characteristics of dough, playing a vital role in
assessing flour for a particular product.’” There
was a significant correlation between hardness
and several mixograph parameters like MPV(%),
MPW(%), MTV(%), and MTW(%).** MPTi displayed a
negative association with a more fluid gluten network
due to higher gliadin content. The area under the
midline curve MTxI was linked to grain hardness,
rising alongside grain hardness and glutenin levels.3
Mixograph curve shapes reflect the rheological and
functional characteristics of the dough. Various
mixograph curve heights offer insights into dough
consistency, while curve width and weakening
slope (WS) indicate mixing tolerance.®3® This study
focuses on how these parameters affect biscuit
quality and grain hardness. In soft wheat HS 490 and
NIAW3170, we noted lower values for all examined
mixograph parameters, which may negatively impact
grain hardness. As mentioned earlier, grain hardness
has a negative impact on biscuit quality.
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Gliadin and Glutenin Content

Gliadins and glutenins comprise approximately
30% and 50% of the total endosperm proteins
in wheat grain. In the context of the rheological
properties of bread dough, it is theorized that gliadin
contributes to extensibility, while glutenin contributes
to viscoelasticity and strength.?® The deletion of
HMW glutenins negatively affected bread quality.*
However, gliadin significantly correlates with wheat
baking quality, such as biscuits and cakes.326:2"
reported that incorporating gliadin fraction positively
affects biscuit quality. This study also observed
elevated gliadin levels in soft wheat compared to
hard wheat.

Biscuit Quality

The biscuit quality mainly depends on the biscuit
spread factor (SF)(SF = ratio of diameter/height),
a parameter used to measure biscuit wheat quality.
Biscuits from soft wheat have a higher biscuit spread
factor and lower biscuit hardness than those made
from hard wheat flour. This was found in a study by*®
and consistent with our findings. Dough prepared
from soft wheat produced biscuits with higher
porosity, resulting from larger pores, than dough
prepared from hard wheat cultivars. Further more,
biscuits prepared from hard wheat showed higher
fracture stress than their soft wheat counterparts.
Differences in porosity explain most of the variation
in texture, but biscuit matrix strength also affects
biscuit fracture stress.*'

T. spherococcum Biscuit Quality

The ancient T. spehrococcum wheat genotype
exhibits several traits, similar to hard wheat and is
not suitable for biscuit making. This wheat end-use
quality has not been previously reported. Although it
was an ancient cultivar, few domestication practices
have been carried out. It has a lower harvesting
index and is unsuitable for modern agronomic
practices. However, it can be improved through
traditional breeding for suitable end use.

Correlation with Spread Factor

In correlation analysis, it was found that there was
a negative association between gluten strength46
(measured by MST and SIG) and good biscuit
quality. Many studies have also reported that the
AWRC (Alveograph W value) values are negatively
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associated with biscuit quality.> Lower flour protein
content and strength are desirable for better wheat
biscuit quality.® This has been observed in studies
conducted on soft wheat genotypes such as HS 490
and NIAW3170. Flour protein contents and SDS
sedimentation volume show a positive correlation
with biscuit height and spread factor. On the other
hand, grain hardness, damaged starch content
and water SRC exhibit negative correlations with
biscuit-specific volume.' Grain hardness is another
complex trait that was negatively associated with
biscuit quality.

Conclusion

In this study, we tested different wheat grain textures.
The grain texture plays a crucial role in determining
flour properties and the quality of end products.
When selecting bread or biscuit-making genotypes,
gluten strength, PSI, AWRC, flour protein, and
mixing properties should be considered. Hard
and soft wheat showed different milling fractions
distribution that influenced biscuit quality. These
test results suggested that soft wheat flour typically
exhibits lower gluten strength with lower FPC and
PSI. In contrast, hard wheat has a higher gluten
strength, flour protein content, and lower PSI, flour
recovery, resulting in more damaged starch and
higher AWRC. The correlation analysis showed
a negative correlation between gluten strength,
AWRC, semolina, flour recovery, and flour protein
content with the biscuit spread factor. Meanwhile,
higher PSI, higher gliadin content and more flour
recovery were positively associated with the biscuit
spread factor. This study helps us to understand
the role of starch and protein matrix association,
which affects grain texture and wheat quality. These
associations were strong in hard wheat and weak
in soft wheat. The study concluded that simple and
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fast physiochemical tests such as PSI, MST, AWRC,
and flour protein content would help to select the
best biscuit-quality wheat. These tests are quick
and simple, do not need high-end sophisticated
instruments, and have high power to discriminate
wheat genotypes for better biscuit quality. Ancient
wheat showed all the parameters studied, such as
hard wheat, and its inferior biscuit-making properties
confirmed this.
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