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Abstract

This study aimed to access the influence of rice flour incorporation on various quality attributes of low-gluten wheat-
based pretzels viz, functional, rheological, starch digestibility, color, textural and sensorial properties. Significant
increase in swelling power (18.33+0.51) and bulk density (0.58 +0.04) was observed in flour blend upon incorpora-
tion of rice flour, whereas, significant decrease in oil absorption capacity (0.62 4+ 0.09), solubility index (6.72+0.17),
foaming capacity (9.67 +0.34), and foaming stability (3.39+ 0.15) was recorded. Pasting properties of samples were
studied using a Rapid Visco Analyser which indicated that all the pasting properties increased with an increase in rice
flour incorporation. Fourier transform infrared spectroscopic studies revealed no difference in the basic functional
groups of flour blend upon the incorporation of rice flour, however, it had a pronounced effect on elastic modulus
(G") of flour blend. In vitro starch digestion characteristics revealed 7.23% surge in slowly digestible starch and 13.36%
reduction in rapidly digestible starch of developed low-gluten pretzels upon the incorporation of rice flour. Appar-
ent amylose content (27.3 + 1.45) and resistant starch content (6.12+0.97) increased and starch digestibility index
(69.87 £ 1.72) decreased in developed low-gluten pretzels. In conclusion, the developed low-gluten pretzels had sig-
nificantly (p <0.05) higher mineral profile and lightness (L*) and lower breaking strength in addition to having better
overall acceptability. This study indicated that substituting wheat flour with rice flour up to a level of 35% affected the
quality attributes of developed low-gluten pretzels.
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Low-gluten Pretzels

Utilization of rice flour for development of low-gluten pretzels

Introduction
Wheat (Triticum aestivum L.) has been used since time
immemorial for the manufacture of several bakery items
because of the presence of unique gluten protein which
is responsible for providing the viscoelastic charac-
teristics to dough. The two fractions of gluten-gliadins
and glutenins give elastic and extensible properties to
dough which is essential for producing good quality
bakery products (Hamdani et al. 2020). Further, gluten
is the main component of wheat which is responsible
for bread and cake quality. However, gluten is responsi-
ble for celiac disease which is an autoimmune digestive
disease caused by the digestion of gluten and thus, the
sole treatment for this disease is consuming low-gluten
or gluten-free diet. Therefore, the development of low-
gluten products is imperative, it poses a major techno-
logical challenge. Nowadays, efforts are being made to
identify now-wheat sources that could be utilized to
replace wheat flour for the development of low-gluten
bakery products. Such non-wheat flours are obtained
from other cereals. Among them, rice flour is the most
popular ingredient and could be used as a substitute for
wheat flour (Cornejo & Rosell 2015).

Rice (Oryza sativa L.), the principal diet for half of the
global population (Amin et al. 2020) contains starch as
the main ingredient, which is considered the principal

constituent for most food preparations (Ashwar et al.
2016). The quality characteristics of rice-based foodstuffs
including texture (Li et al. 2016), pasting, gelatinization
(Jane et al. 1999), etc. are attributed to the starch struc-
ture. The starch molecule consists of amylose and amy-
lopectin. The main factor that determines the functional
and physicochemical characteristics of starch is the ratio
of amylose and amylopectin (Ritika et al. 2010). Keeping
the rate of digestion into consideration, starch has often
been classified as resistant, slowly digestible, and rapidly
digestible starches (Ashwar et al. 2016). Rice flour can
be used as one of the major components for the manu-
facture of ready-to-eat (RTE) breakfast cereals and snacks
because of the presence of a large amount of starch and
excellent expansion characteristics (Ryu 2004). Further-
more, rice has various advantages over other cereals viz.,
low in fat and sodium content, cholesterol-free, non-
allergenic, and a high content of easily digestible car-
bohydrates (Amin et al. 2020). The lack of gluten in rice
flour gives an additional advantage, making it a promising
alternative to wheat flour in bakery products, specifically
for those associated with celiac disease (Amin et al. 2020).

Pretzels are commonly relished as snacks in various
developed countries and are usually made from wheat
by cooking followed by baking of the product. Pretzel
consumption and production are increasing at a faster
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rate due to consumers’ demand for substitutes for
fried-based snack products. Presently, the production
of pretzels in developed countries is fully automized in
order to satisfy consumer demands. However, no such
product is accessible in India (Naik et al. 2007). Fur-
thermore, because consumers demand low-fat, low-
sugar, and low-calorie snacks, therefore, the production
and consumption of low-gluten pretzels could possibly
increase at a very fast rate (Jan et al. 2021). In the pre-
sent study, partial replacement of wheat flour with rice
flour is used for developing low-gluten pretzels. Rice
flour does not develop into cohesive dough due to the
absence of gluten protein (Jeong et al. 2017). Therefore,
the present study has used wheat flour in combination
with rice flour as an approach to lower gluten content
and improve its organoleptic properties.

Over the past few years, various flour sources have been
used for the replacement of wheat flour for the produc-
tion of RTE breakfast cereals and snacks (Ding et al. 2005;
Pardhi et al. 2019). However, the substitution of wheat
flour cause changes in the concentration of starch and
gluten network. Thus, various improvers, enzymes, and
hydrocolloids have been employed in order to improve the
strengthening and water absorption of dough and enhance
its capacity to retain gas. However, if gluten network or
concentration is lacking, the pore size of dough will also
be affected which in turn could affect heat transfer, mass
transfer, and other biochemical reactions including gelati-
nization of starch and consequently the thickening of
dough and therefore, the mechanical properties of dough
during baking. Thus, the structural changes in one phase
of dough will probably affect other phases. In order to
overcome the abovementioned changes, wheat flour was
partially substituted with rice flour for the development of
low-gluten pretzels without affecting the quality character-
istics of dough. Moreover, the possible impact on the glu-
ten content and starch digestion rate of low-gluten pretzels
due to the incorporation of rice flour in wheat flour has not
been explored so far and could be of significant industrial
and nutritional importance. Perusal of literature shows
only limited studies elsewhere and no study seems to be
available in low-gluten pretzel production from Indian
wheats. Therefore, the current research aimed to charac-
terize the functional, and rheological properties of flour
blend. Moreover, in vitro starch digestion, color, mineral
content, texture, and sensory attributes of low-gluten pret-
zels were monitored.

Materials and methods

Materials

Wheat (Triticum aestivum L.) flour was purchased
from local market of Srinagar Kashmir and paddy
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(Variety Jhelum) was obtained from Mountain Research
Centre for Field Crops (MRCFC), Khudwani, Anant-
nag, Jammu & Kashmir, India of SKUAST-K, during the
month of October 2018. Paddy was subjected to mill-
ing in modern rice mill (ASR RM 209) at the Division
of Food Science and Technology, SKUAST-Kashmir,
Shalimar, J&K. The small broken grains were ground to
a fineness that passed through 200 um sieve. The flour
samples were packed in zipped pouches until further
analysis.

Preparation of blend

Blended flour was prepared by replacing wheat flour with
rice flour at 35% based on the preliminary trials and sen-
sory evaluation by the expert panelists (Jan et al. 2021).

Characterization of raw material

Proximate composition

The moisture, crude fat, crude protein, crude fiber, and
ash content of different samples were analyzed by follow-
ing the standard AOAC (2005) protocols.

Functional properties

Water and oil absorption capacities The procedure of
Ahmad et al. (2015) was followed for the determination
of water absorption and oil absorption capacities.

Swelling power and solubility index The procedure of
Ahmad et al. (2015) was followed for the determination
of swelling power and solubility index. The results were
reported using egs. (1) and (2) as given below.

Weight of swollen flour sediment

Swelling power = (1)

Weight of dry sample

Weight of d lids i tant
Solubility index (%) = eight of dry solids in supernatan

Weight of dry sample x 100 (2)
Foaming capacity and stability The procedure of Shah
et al. (2016) was followed for the determination of foam-
ing capacity and foam stability. The foaming capacity was
reported using Eq. (3) as given below.

Volume after whipping — Volume before whipping %100

(3)

The foam stability was reported using Eq. (4) as given below.

Foaming C: ity(%) =
oaming Capacity(%) Volume before whipping

Foam stability (%) = Loamvolume after Lhr (4)
Initial foam volume

Bulk density 'The procedure of Shafi et al. (2016) was
followed for the determination of bulk density.



Jan et al. Food Production, Processing and Nutrition (2022) 4:9

Pasting properties

The pasting characteristics of flour were analyzed using
Rapid Visco Analyzer (RVA TECMASTER, Perten
Instruments, Australia) followed the protocol of Nisar
et al. (2021). Briefly, 25g of water was added to 3.5¢g
of sample in the RVA canister and mixed properly
before starting the analysis. The mixture was equili-
brated at 50°C for 1min, heated at the rate of 12.2°C
/min to 95°C, held for 2.5min, cooled to 50°C at the
rate of 11.8°C/min and again held at 50°C for 2min.
A constant paddle rotational speed (160xg) was used
throughout the entire analysis, except for rapid stirring
at 960 x g for the first 10s to disperse the sample. All the
typical pasting properties were defined from the result-
ing pasting curve viz., pasting temperature, peak time,
peak, trough, breakdown, final, and setback viscosities.

ATR-Fourier transform infrared (FTIR) spectroscopy

The FTIR spectrometer system equipped with an ATR
accessory (Cary 630 FTIR, Agilent Technologies, USA)
was employed to obtain the ATR-FTIR spectra of the
flour samples. The wavelength range was set at 4000-
400 cm™~! with 4cm™! resolution (Ashwar et al. 2016).

Dynamic rheometry

The rheological measurements of flour dough sam-
ples were measured on a dynamic rheometer (MCR-
101, Anton Paar, Austria) at ambient temperature
(25£1°C). The viscoelastic behaviour of dough sam-
ples was analyzed by determining the storage (G’) and
loss (G") moduli against angular frequency (0.1-100/s)
(Hamdani et al. 2020).

Preparation of low-gluten pretzels

Low-gluten pretzels were prepared following the method
elucidated by Jan et al. (2021). The pretzels contained
wheat-rice flour blend (65:35), salt (2g), refined oil
(3mL), ammonium bicarbonate (0.4 g), compressed yeast
(12 g), malt extract (2g), and water (50 mL). All the con-
stituents were mixed (7 min) in a dough mixer followed
by manual extrusion of the resulting dough through a
vermicelli machine equipped with minute pores (4mm)
at the exit. After passing through the extruder, the result-
ing small dough stands were reduced to 10-15cm and
molded into oval rings manually before arranging them
on a tray for the proofing stage (10min). The resulting
product was cooked (81°C for 15s) in an alkali solution
(1% NaOH) before baking (236 °C for 6 min) followed by
drying (103 °C for 25 min) to get the pretzels (Plate S). In
the case of control, only wheat flour was used.
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Quality parameters of low-gluten pretzels

Apparent amylose and amylopectin content

Apparent amylose and amylopectin contents were estimated
following the procedure reported by Amin et al. (2018).

Total starch and resistant starch

Total and resistant starch contents were estimated fol-
lowing the protocols as elucidated by Amin et al. (2018)
using the Megazyme Assay Kit (Megazyme International,
Wicklow, Ireland).

In vitro starch digestion

The in vitro digestion profile of starch was categorized
in the form of very rapidly digestible starch (VRDS), rap-
idly digestible starch (RDS), and slowly digestible starch
(SDS). The VRDS, RDS, and SDS were reported as per-
cent using Egs. (5), (6), and (7), respectively.

VRDS (%) = (G1 — Go) x 0.9/TS x 100 (5)
RDS (%) = (G2o — Go) x 0.9/TS x 100 )
SDS (%) = (G120 — Go) x 0.9/TS x 100 )

Where, Gy, Gy, Gyo Giy refers to the amount of free
glucose before digest, after 1 min, after 20 min, and after
120 min, respectively and TS refers to the total amount
of starch. The factor (0.9) is the glucose to the starch con-
version factor.

The difference between total starch (TS) and resistant
starch (RS) was reported as Digestible starch (DS). The
starch digestibility index (SDI) was calculated following
Eq. (8) (Amin et al. 2018).

RDS
I[=—— x1
SD s X 00 (8)

Mineral profile

Mineral profile analysis of low-gluten pretzels was esti-
mated using Atomic Absorption Spectrophotometer
(Labtronics, Model LT-2100) (Wani & Kumar 2015).
Digestion of the sample (2g) was carried out in a di-acid
blend (HNO4:HCIO,, 5:1, v/v). The digested material was
dissolved in double-distilled water which was then filtered
using Whatman no. 42. Finally, the volume was made up
to 50 mL before subjecting it to mineral estimation.

Color

Color values including luminosity (L*), redness (¢*), and yel-
lowness (b*) were measured on a Hunter Lab Colorimeter
(A60-1010- 615 Model Colorimeter, Hunter Lab, Reston
VA) after calibrating it against a standard white plate.
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Texture analysis

Texture analysis of low-gluten pretzels was performed
on a TA-XT2i Texture analyzer (Stable Micro System,
Texture Technologies Corp., NY, USA). The Force of
compression was measured using the P50 compression
probe needed for breaking the sample, which indicates
the breaking strength. The probe was programmed to
travel a distance of 8 mm after touching the surface of
pretzels with both the pre-test and test speeds set at
1.5mm/s, while the post-test speed was set at 10mm/s
(Reshi et al. 2020).

Sensory analysis

Sensory analysis of the product was conducted by 30
semi-trained panelists including 11 males and 19 females.
Panelists were trained to evaluate the pretzels for mouth-
feel, texture, visual color, and overall acceptability on a
9-point hedonic scale, and results were averaged. Coded
samples using random three-digit numbers were served
unsystematically to panelists, and sensory evaluation
was carried out in well-separated booths. The panelists
were provided with a glass of water to rinse their mouths
before and after each test and were given a 10 min break
post each assessment.

Statistical analysis

The data for each analysis was reported as
mean £ standard deviation of at least three determi-
nations. Using SPSS statistical software (version 21),
the means were compared by Duncan’s multiple range
test of analysis of variance (ANOVA) at 5% level of
significance.

Results and discussion

Raw material characterization

Proximate composition

Table 1 presented the composition of wheat flour, rice
flour, and wheat-rice flour blend. A significant (p <0.05)
difference was observed in all the parameters among
the samples. The moisture content of the flour blend
(9.73+£0.56%) was significantly (p<0.05) lower than
wheat flour (11.72+0.86%) and rice flour (9.95+0.61%).
The crude fiber, crude protein, crude fat, and ash con-
tents of the wheat flour were significantly (p<0.05)
higher than rice flour. Wheat-rice flour blend (65:35)
showed fat (1.0240.11%), protein (10.2140.59%), fiber
(1.14+0.12%), and ash (0.39 £ 0.04%) which differ signifi-
cantly (»<0.05) from both wheat and rice flour. Klunk-
lin and Savage (2018) reported almost similar findings
for the composition of refined wheat flour replaced with
purple rice flour.
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Table 1 Proximate composition and functional properties of raw
materials

Parameters Wheat flour  Rice flour Wheat-rice
flour blend
(65:35)
Proximate composition
Moisture (%) 1172 4£086° 99540617 9734056
Crude protein (%) 1227 £093° 7284053° 1021+ 059°
Crude fat (%) 1214013 0874009  1.02+0.11%®
Crude fiber (%) 1874017  073+£008  1.14+012°
Ash (%) 0444005° 0324004 0414 006°
Functional properties
WAC (mL/qg) 0924008 1034009 0974008
OAC (mL/g) 0874007 0514005 0624 009°
SP 16.15+£049* 19144 056° 1833 +051°
SI (%) 963+£021°  405+011°  6724017°
FC (%) 1841 £052° 2524018  967+034°
FS (%) 7814035  0734+006° 339+015°
BD (g/cm?) 052+£004°  064+005° 0584004

Values are expressed as mean + standard deviation and values with different
superscripts (within rows) differ significantly (p <0.05)

WAC Water absorption capacity, OAC Oil absorption capacity, SP Swelling power,
Sl Solubility index, FC Foaming capacity, FS Foam stability, BD Bulk density

Functional properties

Water and oil absorption capacities The results of water
and oil absorption capacities are presented in Table 1.
The ability of flour to bind water under limited water
addition describes its water absorption capacity (WAC)
(Singh et al. 2000) whereas the capacity of flour to retain
oil ascertains its oil absorption capacity (OAC) which is
important with respect to flavor retention and improving
the mouthfeel of the foods (Aremu et al. 2007). WAC of
flour blend varied non-significantly (p >0.05) from wheat
and rice flour. Compared to wheat flour, flour blend
exhibited higher WAC (0.97+0.11mL/g), whereas its
OAC was significantly (p <0.05) lower (0.62+0.09 mL/g).
Higher WAC of flour blend may be because of more
hydrophilic constituents like polysaccharides (Chan-
dra et al. 2015) possibly due to the addition of rice flour.
Higher WAC of flour blend demonstrates its ability to
be used in the formulation of some products like bat-
ters, gravies, soups, confectionery, and bakery products
(Adebowale et al. 2005). Protein is the major component
that influences OAC (Nisar et al. 2021). The lower OAC
of flour blend may be because of the dilution of protein
content in wheat flour possibly due to the addition of rice
flour. The lower OAC of flour blend demonstrates its fea-
sibility for the development of low oil uptake batters and
thus more beneficial to health (Shah et al. 2016).
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Swelling power and solubility index The results of swell-
ing power (SP) and solubility index (SI) are presented in
Table 1. SP and SI denote the associations between starch
and water in both amorphous as well as crystalline zones
(Ali et al. 2016). SP was significantly (p<0.05) higher in
flour blend (18.33£0.51) than wheat flour (16.15+ 0.49).
The higher SP of flour blend is attributed to its higher
WAC (Table 1). The higher SP of flour blend suggests
good organoleptic characteristics in terms of mouthfeel
of several processed foods which in turn indicates bet-
ter water retention in swollen granules of starch (Falade
& Okafor 2015). SI of flour blend (6.72+0.17%) was sig-
nificantly (p <0.05) lower than wheat flour (9.63 +0.21%).
Complexation of starch with proteins or fats in rice flour
decreases the soluble components in starch molecules
resulting in lowering of SI of flour blend (Jan et al. 2021).
Lower SI of flour blend suggests its capacity to stabilize
food structures during cooking.

Foaming capacity and stability Foaming capacity (FC)
and stability (FS) are depicted in Table 1. FC refers to the
capacity of flours to form foam and is being governed by
the presence of soluble proteins (surface active) in their
dispersion aqueous medium (Shah et al. 2016) whereas
ES refers to the ability of proteins to maintain the forma-
tion of foam droplets by producing a thin continuous film
around it (Chandra et al. 2015). FC (9.67 £0.34%) and FS
(3.39£0.15%) of flour blend were significantly (p <0.05)
lower than wheat flour. This might be because of the
dilution in protein contents of wheat flour due to the
incorporation of rice flour. The lower FC and FS of the
flour blend could be helpful for the production of several
baked products like crackers and biscuits (Chandra et al.
2015).

Bulk density Bulk density (BD) is mostly used for the
estimation of expansion of flour and the porosity of sub-
stances apart from depicting the volume of packaging
material (Shafi et al. 2016). The results of BD are shown
in Table 1. Higher BD of flour blend (0.58 4+0.04g/cm?)
than wheat flour (0.52+0.04g/cm®) might be due to the
addition of rice flour because the particle size of rice flour

Table 2 Pasting profile of raw materials
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is comparatively larger and coarser than wheat flour (Ye
et al. 2016). The results depict the increase in BD of flour
blend with the addition of rice flour. Flour with higher
BD is suitable for reducing the paste thickness in food
preparations because of its low viscosity and for food
products having rough textures whereas, flour with lower
BD is feasible for food products having dense and smooth
textures (Jamal et al. 2016).

Pasting properties

Pasting profile presented in Table 2 is primarily related
to the swelling and rupturing of starch granules which
demonstrates the wider range of viscosity parameters
for different flour samples. Pasting temperature (PT)
indicates the minimum temperature at which the starch
granules gelatinize by forming a viscous paste (Shafi
et al. 2016). PT of flour blend (86.50+1.31°C) was
lower although non-significantly (p>0.05) than wheat
flour (87.40+1.42°C). Peak viscosity (PV) depicts the
maximum viscosity acquired by starch during heating in
water, reflecting the water-holding ability of starch gran-
ules (Shah et al. 2016). PV of flour blend (1945 +4.00
cp) was significantly (p<0.05) higher than wheat flour
(1718 £3.00 cp). Rice flour had a PV of 2145.00+5.00 cp,
therefore, its incorporation into the wheat flour resulted
in an increase in its PV. It is also evidenced from the
results of PT as PT was slightly higher in wheat flour,
indicating its low PV. Trough viscosity (TV) was signifi-
cantly (p<0.05) higher in flour blend (1379+3.00 cp)
than wheat flour (1254+2.00 cp). Higher TV of flour
blend is due to its higher PV. Breakdown viscosity (BDV)
is a measure of the degree of disintegration of swol-
len granules of starch by heating and physical agitation.
Higher BDV indicates a lesser capacity of the starch gran-
ules to withstand high temperature and shearing stress
during cooking (Shah et al. 2016). BDV of flour blend
(566 +2.00 cp) was significantly (p<0.05) higher than
wheat flour (46441.00 cp) which indicates its higher
susceptibility to shear-induced degradation during cook-
ing. Final viscosity (FV) depicts the tendency of flour
suspension by forming a viscous paste after cooking and
cooling. FV of wheat flour was found to be 2199 +4.00

Sample PV (cp) TV (cp) BDV (cp) FV (cp) SBV (cp) PT (°C) Peak time
(min)

WE 1718.00 % 3.00° 1254.00 & 2.00° 464.00 & 1.00° 2199.00 & 4.00° 945.00 & 2.00° 87.40 £ 142° 593 £043°

RF 214500 % 5.00° 1422.00 + 4.00 723.00 4 2.00° 2687.00 % 6.00 1265.00 % 3.00 86.10 £ 1.29° 560+ 0.37°

WEF-RF blend 194500 =+ 4.00° 1379.00 £ 3.00° 566.00 =+ 2.00° 2423.00 =+ 5.00° 1044.00 =+ 3.00° 86.50 & 1.31° 571£041°

Values are expressed as mean =+ standard deviation and values with different superscripts (within columns) differ significantly (p <0.05)

WF Wheat flour, RF Rice flour, PV Peak viscosity, TV Trough viscosity, BDV Breakdown viscosity, FV Final viscosity, SBV Setback viscosity, PT Pasting temperature
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cp, and that of rice flour and flour blend was 2687 +6.00
cp and 2423£5.00 cp, respectively. This indicates that
the FV of flour blend was significantly (p<0.05) higher
than wheat flour possibly because of its swollen granules
of starch which have a capacity to form a viscous paste
(Nisar et al. 2021). It is also indicated from the results
of BDV as BDV was lower in wheat flour, depicting its
low FV. Setback viscosity (SBV) denotes the tendency
of starchy substances to re-associate and retrograde
upon cooling (Shah et al. 2016). SBV of wheat flour was
found to be 945 +2.00 cp, and that of rice flour and flour
blend 1265+3.00 cp and 1044 £3.00 cp, respectively.
This indicates that the SBV of flour blend was signifi-
cantly (p<0.05) higher than wheat flour which reflects
its higher retrogradation tendency. Peak time reflects
the time required to reach peak in viscosity and ease of
cooking a particular sample. Peak time in flour blend
(5.71£0.41min) was found to be non-significantly
(p>0.05) lower than wheat flour (5.93+0.43 min).

ATR-Fourier transform infrared (FTIR) spectroscopy

The ATR-FTIR analysis of wheat flour, rice flour, and
wheat-rice flour blend is presented in Fig. 1. The absorp-
tion bands at 3270cm ™}, 2925cm ™! and 1636cm ™ corre-
spond to alcoholic O-H, C-H and O-H stretches of water,
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respectively. The absorption band at 993cm™' corre-

sponds to the C=O0 stretch of glucose ring. These charac-
teristic functional groups in wheat flour and rice flour have
previously been reported by different researchers (Ashwar
et al. 2016; Bhat et al. 2016). The results however revealed
that the blending of wheat and rice flour samples did not
cause any kind of change in the functional groups studied
which is being reflected in their similar absorption bands.

Dynamic rheometry

The visco-elastic characteristics of dough determine the
quality attributes of bakery products (Hamdani et al.
2020). The rheological behavior of dough samples was
examined and was reported as elastic/storage modulus
(G’) and viscous/loss modulus (G”) (Fig. 2). The elas-
tic (G’) and viscous (G”) moduli of dough samples were
found to increase with angular frequency. G’ of all the
samples was higher than G” throughout the whole range
of frequency. This indicates the viscoelastic characteris-
tics of the samples. Higher gap between G’ and G” val-
ues of dough samples indicates that the elastic behavior
is predominant over viscous behavior (Hamdani et al.
2020). The addition of rice flour diluted the gluten pro-
teins in flour blend, thereby resulting in the lowering of
both G’ and G” (Wang et al. 2003). The changes in moduli

— Wheat Rice Blend
S
o
o
c
S
E
n
[
E —
=
T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
Fig. 1 Attenuated total reflectance-Fourier transform infrared (ATR-FTIR) spectra of wheat flour, rice flour and flour blend
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Fig. 2 Dynamic viscoelastic measurement of wheat flour, rice flour, and flour blend
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values after incorporating rice flour to wheat flour were
more evident in G’ compared to G”. This depicts that rice
flour incorporation had a more proclaimed effect on elas-
tic properties than viscous.

Quality parameters of low-gluten pretzels

In vitro starch digestion

Table 3 depicts the in vitro starch digestion proper-
ties of raw materials (wheat flour-WF and rice flour-
RF) and low-gluten pretzels (LGP). Total starch of
LGP (73.4£1.29%) was higher than WF (68.5+1.28%)

Table 3 Effect of rice flour addition on In vitro starch digestion
properties of low-gluten pretzels

Parameters Wheat flour Rice flour Low-gluten
pretzels

Apparent amylose 243+ 137° 2184+ 1.11° 27.3 4145
(%)

Amylopectin (%) 757 £1.23° 782 4 1.68° 72.7 £1.15°
Total starch (%) 68.5 4+ 1.28° 813+ 131° 734+ 1.29°
Resistantstarch (%)~ 4.84£095®  4.11+084° 6.12+£097°
VRDS (%) 1.2140.13° 2.05 4+ 0.28° 0.87 +£0.11°
RDS (%) 59.20 =+ 1.36° 6783 +£1.21° 51.294+1.16°
SDS (%) 35104 127° 18114103 3764+ 151°
DS (%) 63.66 +1.12° 77.19 4 1.64° 67.28 & 1.35°
Sol 86424223  83434+£214° 6987 +1.72°

Values are expressed as mean + standard deviation and values with different
superscripts (within rows) differ significantly (p <0.05)

VRDS Very rapidly digestible starch, RDS Rapidly digestible starch, SDS Slowly
digestible starch, DS Digestible starch, SDI Starch digestible index

possibly due to the incorporation of RF which is rich in
starch. Due to the addition of 35% RF, the apparent amyl-
ose content (AAC) and resistant starch (RS) contents in
LGP increased to 27.3+£1.45% and 6.12+0.97%, respec-
tively (Table 3). Baking results in the hydrolysis of a-D-
(1-6) glycosidic bonds of amylopectin molecules, thereby
enhancing the AAC which leads to an increase in RS con-
tent in baked products due to retrogradation after cooling
(Yadav 2011). Further, a significant (p<0.05) decrease in
very rapidly digestible starch (VRDS), rapidly digestible
starch (RDS), and significant (p <0.05) increase in slowly
digestible starch (SDS) was found in developed LGP.
Since, both amylose and fat contents of LGP is higher
than the raw materials used, therefore, they may have
formed the amylose-lipid complex whose susceptibility
to enzymatic hydrolysis is considered to be much lower
(Li & Zhu 2019). This might have resulted in a decrease
in RDS. Further, fats and RS contents in food hinder the
degradation of starch and delay the rate of gastric empty-
ing in the small intestine (Amin et al. 2018), thus contrib-
uting to the lowering of RDS. These factors contribute
to the slower release of glucose from the developed LGP
during enzyme hydrolysis. Thus the developed LGP had
higher SDS and lower RDS contents (Table 3). In conclu-
sion, it was found that there was a 7.23% increase in SDS
and 13.36% decrease in RDS upon the incorporation of
rice flour.

Digestible starch was significantly (p<0.05) lower in
LGP (67.28 +1.35%). Starch digestible index (SDI), which
indicates the relative rate of digestion of starch was found
to be 86.424+2.23%, 83.43 +2.14%, and 69.87 +1.72% for
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wheat flour, rice flour, and LGP, respectively. A signifi-
cantly (p<0.05) lower value of SDI was observed in LGP
despite its higher TS content as compared to wheat flour.
The higher SDS fraction of LGP justifies its low SDI. This
confirms the relevance of the starch fractions in food
rather than TS (Amin et al., 2018).

Mineral profile

Data from Table 4 shows significantly (p <0.05) higher
mineral profile of the developed LGP than wheat
and rice flour. This increase may be attributed to the
addition of ingredients and capacity of minerals to
hold up well during baking (Wani & Kumar 2015).
Among the macro minerals, sodium content was
found in the highest concentration in developed LGP
(563.30£4.60mg/100g). This is due to the cook-
ing in alkali solution which is in agreement with Naik
et al. (2007). Sodium is required for regulation of cel-
lular membrane potential and nutrition absorption
in the small intestine as well as regulation of volume
of extracellular fluid which helps to keep blood vol-
ume and blood pressure (He & MacGregor 2010).
Among the micro minerals, zinc was significantly
(p<0.05) higher in LGP (21.40+1.70mg/100g) than
wheat flour (18.20%+1.10mg/100g) and rice flour
(11.20£1.20mg/100g). Zinc helps in the stabilization

Table 4 Mineral profile of wheat flour, rice flour and low-gluten
pretzels prepared from blended flour

Parameters Wheat flour Rice flour Low-gluten
(mg/1009g) pretzels
Magnesium 21804240 18004210 2510+ 2.10°
Calcium 64.60 + 2.80° 4440 £ 230 78204 2.50°
Sodium 94.00 & 3.20° 21.60 % 1.40° 563.30 & 4.60¢
Sulphur 63.00 £ 2.00° 66.60 + 2.20° 89.20 + 2.70°
Potassium 66.50 + 2.10° 3930+ 1.60° 7130 £ 2.60°
Phosphorous 89.00 & 2.00° 72.00 & 2.00° 120.10 + 2.80¢
Iron 1.03 +£0.08° 1140 4£130° 560 1.10°
Zinc 1820 £ 1.10° 11.20 £ 1.20° 2140 + 1.70°
Copper 113 £ 0.09° 5204050  3.1040.30°

Values are expressed as mean =+ standard deviation and values with different
superscripts (within rows) differ significantly (p <0.05)
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of membrane structures and cellular protection by
avoiding lipid peroxidation and lowering the genera-
tion of free radicals (Coppen et al. 1985). Incorpora-
tion of rice flour significantly (p <0.05) increased the
mineral content and thus improved the nutritional
quality of the LGP.

Color

The color characteristics of control and LGP are pre-
sented in Table 5. The L* value of LGP (56.49 +2.37) was
significantly (p <0.05) higher while as a* (8.71 +£1.67) and
b* (17.59+1.19) values were significantly (p <0.05) lower
than control pretzels. LGP had a white crust, whereas
the crust of control was yellowish. The lower L* value of
control (43.57+2.12) may be due to Maillard’s reaction
takes between proteins and reducing sugars during bak-
ing which is actually responsible for imparting brown
color to baked products (Shafi et al. 2017). As the protein
content of developed LGP is lower than control, there-
fore, less development of color due to Maillard’s reaction
is expected, thus lower L* value.

Texture

Breaking strength (BS) of control and LGP are listed
in Table 5. BS depicts the hardness and is consid-
ered an important parameter in terms of extrudates
(Ruskova et al. 2015). Rice flour incorporation remark-
ably decreased the BS of LGP. The lower BS of LGP
(7.37£1.34N) could be related to the lower amount
of proteins due to which the gluten structure of pretzel
dilutes. Further, starch is believed to provide a softer tex-
ture to pretzels (Cornejo & Rosell 2015). Chevallier et al.
(2000) depicted that BS/hardness is because of the asso-
ciations through hydrogen bonding between starch and
protein. The difference in composition between control
and LGP might have influenced the associations between
starch and protein, thus resulting in the differences in BS
values.

Sensory evaluation

The sensory attributes of LGP and control is presented in
Fig. 3. Mouthfeel, determined as a sensation perceived by
the nervous system in the cavity of the mouth (Singh et al.
2019), was found higher for control (8.35+0.05) com-
pared to LGP (6.87 +0.03). The lower mouthfeel of LGP

Table 5 Color and textural characteristics of low-gluten pretzels prepared from the blended flour

Sample L* a* b* Breaking strength (N)
Control 4357 £2.12° 9434 1.73° 22334 1.24° 135+ 1.85°
Low-gluten pretzels 5649 4+ 237° 871+167° 1759 +£1.19° 737 £1.34°

Values are expressed as mean =+ standard deviation and values with different superscripts (within columns) differ significantly (p <0.05)
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Low-gluten pretzels

was possibly due to the bland taste of rice. Highest vis-
ual color scores were recorded for the LGP (8.66+0.04)
while as control recorded the lowest visual color score
(6.76 £0.02). The comparatively bright and white color
of rice flour could be the possible reason for high visual
color score of developed LGP. At the same time, lowest
visual color score of control might be due to darker color.
LGP was rated highest score by panelists for texture
(8.56+£0.05) and lowest for control (6.7340.03) possi-
bly due to the higher starch content in rice flour (Table 3)
which reduces the hardness of LGP. Ruskova et al. (2015)
reported that extrudates with lower hardness values are
desirable. Overall acceptability was found higher for LGP
(8.03+0.04) while lower overall acceptability score was
recorded for control (7.28 £ 0.02). On the basis of overall
acceptability score, LGP was found to be the best com-
pared to those made from wheat flour.

Conclusion

Rice-wheat composite flour could be used as a new base
material for the preparation of bakery products like pret-
zels. The product developed was not only low-gluten but
also showed better attributes for consumer acceptability.
The findings of the present study concluded that replac-
ing wheat flour with rice flour to a level of 35% (w/w)
improved functional, pasting, and rheological charac-
teristics of wheat-rice flour blend, suggesting its possi-
ble use for the development of low-gluten or gluten-free
products. In vitro starch digestion profile revealed that
low-gluten pretzels had significantly lower rapidly

digestible starch whereas, slowly digestible starch was
significantly higher. Mineral profile was higher in low-
gluten pretzels indicating improvement in its nutritional
status. Lightness (L*) of the low-gluten pretzels was
comparatively higher than control and breaking strength
decreased upon the incorporation of rice flour. Overall
acceptability of developed low-gluten pretzels was better
than control with enhanced quality characteristics. Thus,
the incorporation of rice flour at this concentration is
probably the most desirable choice for the development
of better low-gluten pretzels.
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