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Abstract Celiac disease affected patients have perma-
nent in-tolerance to ingested gluten. Hence they need to
adhere to a gluten free diet. Study was carried out to for-
mulate the biscuit from composite non gluten flours. Flours
of amaranth (AF), puffed chickpea (PCF) were combined
in different ratios and evaluated for pasting characteristics.
Addition of different hydrocolloids and emulsifiers to the
formulation resulted in greater elastic modulus G’ than vis-
cous modulus G" throughout the frequency range, whereas
the tand was lower than control sample. The spread ratio
was higher and breaking strength was lower than the
wheat flour biscuit. Incorporation of corn (CS) and potato
starches (PS), hydrocolloids and emulsifiers to composite
flour however significantly improved the sensory scores.
The formulation containing AF:PCF:PS (50:25:25) with
gum Arabic +sodium stearoyl lactylate was found to be
comparable to wheat flour biscuit. There was significant
increase in the protein content from 8.25 to 12.5 g/100 g
and marginal increase in fat content compared to control
biscuits. The in vitro protein and in vitro starch digestibility
also increased in composite gluten free biscuits.

Keywords Pasting characteristics - Biscuit dough
rheology - Composite gluten free flours - Hydrocolloids -
Emulsifiers

< P. Prabhasankar
psankar @cftri.res.in

Flour Milling, Baking and Confectionery Technology
Department, CSIR-Central Food Technological Research
Institute, Mysore 570020, India

Introduction

Celiac disease (CD) is an inflammatory disease of the small
intestine triggered by gluten proteins from wheat, barley
and rye. Its prevalence is 1:1000—1:2000 in any population
over the world and CD patients must adhere to a lifelong
gluten free diet. Therefore, gluten-free (GF) products com-
mercialization has grown at an annual rate of 28% in past
few years [1].

Amaranth is a promising source of gluten free protein
for people that are sensitive to gluten [2]. Amaranth (Ama-
ranthus caudatus) grain contains about 30% more protein
than cereals like rice, sorghum and rye [3]. Amaranth flour
is a rich source of lysine, an essential amino acid which is
low in other grains [2]. Amaranth grain also contains thia-
mine, niacin, riboflavin, folate, and dietary minerals includ-
ing calcium, iron, magnesium, phosphorus, zinc, copper
and manganese that are comparable to common grains such
as wheat germ, oats and others. Amaranth also has a valua-
ble nutrient content for gluten free diets compared to buck-
wheat, corn, millet, rice, oats and quinoa [4].

GF products are frequently produced with addition of
various proteins to starchy base, to increase the nutri-
tional value. The incorporation of dairy proteins has
long been established in the baking industry, but leg-
umes can also be a good supplement for cereal based
foods since they increase the protein content and com-
plement the nutritional value of cereal proteins. They
contain high amounts of lysine, leucine, aspartic acid,
glutamic acid and arginine, and provide well balanced
essential amino acids when consumed with cereals and
other foods rich in sulphur containing amino acids and
tryptophan. Apart from their nutritional properties, leg-
ume protein possesses functional properties that play an
important role in food formulation and processing [5].
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The functional properties of legume protein such as
chickpea flour (Cicer arietinum L.), pea protein isolate
(Pisum Sativum L.) and carob germ flour (Ceratonia sili-
qua L.) have been used in the preparation and develop-
ment of bakery products, soups, extruded products and
ready- to-eat snacks. The functional properties of chick-
pea protein provide good baking characteristics in glu-
ten-free and wheat breads [6].

The gluten replacement in bakery products represents
a major technological problem due to structure building
properties. Gluten removal weakens dough structure to
develop properly during kneading and baking. There-
fore, absence of gluten results in liquid batter rather
than a dough and with poor product quality [7]. Unlike
pasta and bread, gluten network in cookies and bis-
cuits requires minimum development [8]. The texture of
baked biscuits is primarily attributed to starch gelatini-
zation and supercooled sugar rather than a protein/starch
structure [7]. Nevertheless, commercial gluten-free bis-
cuits are generally based on pure starch, thus have poor
organoleptic quality [8].

Hydrocolloids or gums are widely used as additives
in the food industry. In addition to the obvious benefits
of taste, texture, mouthfeel, moisture control, and water
mobility, they also improve the overall product quality
and stability by withstanding the demands of processing,
distribution, and final preparation [9]. Emulsifiers usu-
ally used in bread can be classified, according to their
functionality, as dough strengtheners or crumb soften-
ers. Emulsifiers in GF bread formulations have been
studied in order to strengthen the dough and soften the
crumb [10, 11]. Arednt et al. [12], studied the effect of
rice, corn, soya, millet, buckwheat and potato starches,
in combination with different fat sources on the formu-
lation of GF biscuits. Biscuits consisting of rice, corn,
potato and soya with high fat powders produced biscuit
dough which was sheetable and was comparable to qual-
ity of wheat flour biscuits. Gluten-free bread and cook-
ies were made from raw and popped amaranth flour [13].
Composite flour biscuits have been suggested as bet-
ter than bread because of their ready to eat form, wide
consumption, longer shelf life and better eating quality.
However, none of the prior studies included both ama-
ranth and chickpea flour with combination of starches,
hydrocolloids, and emulsifiers in biscuit formulation. So
the objective of the present investigation was to formu-
late composite biscuits from non-gluten flours namely
amaranth, puffed chickpea and also incorporating differ-
ent starches, hydrocolloids, and emulsifiers. Characteri-
sation of GF composite doughs and evaluation of newly
developed composite GF biscuits with respect to phys-
icochemical and sensory properties was also studied.
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Materials and methods
Materials

Commercially available wheat flour (WF-moisture
11.2 g/100 g, ash 0.41 g/100 g, fat 1.20 g/100 g and protein
9.54 ¢/100 g), amaranth flour (AF-moisture 9.7 g/100 g,
ash 2.52 g/100 g, fat 1.9 g/100 g and protein 15.2 g/100 g),
puffed chickpea (PCF-moisture 10.1 g/100 g, ash
1.70 g/100 g, fat 4.8 g/100 g and protein 21.7 g/100 g),
corn starch (CS), potato starch (PS) and sugar were pro-
cured from local market. Skimmed milk powder (Gujarat
Co-operative Milk Marketing Federation Ltd, India), short-
ening (Marvo, Hindustan Lever Ltd, India), sodium and
ammonium bicarbonate (S.D. Fine Chemicals, India), glyc-
eroyl monosterate (GMS) and sodium stearoyl-2- lactylate
(SSL) were procured from Biocon India Pvt. Ltd, Mum-
bai, India. Hydrocolloids of varying viscosity (0.5%) were
selected for the studies. Arabic gum (GA), Carageenan,
(CARR-Himedia Laboratories Pvt Ltd., Mumbai, India)
and Hydroxy propyl methyl cellulose (HPMC -K4W-DOW
Chemical’s International Ltd., Mumbai) were used.

Preparation of emulsifier gel

Gels were prepared using emulsifier and water in the ratio
of 1:4. First dispersions were made and then dispersions
under continuous agitation were heated to a temperature of
65°C for GMS and 45°C for SSL. On cooling gels were
obtained. For all the experiments the gels were added in
order that there was 0.5% emulsifier on flour basis.

Preparation of blend

The blends were prepared using mixtures of amaranth flour
(AF) and puffed chickpea flour (PCF) at different levels in
the ratios of AF:PCF 50:50 and 50:25 respectively. Corn
starch (CS) and potato starch (PS) was incorporated sepa-
rately in blend of AF:PCF:CS 50:25:25 and AF:PCF:PS
50:25:25.

Pasting characteristics

Pasting characteristics of composite GF biscuit samples
were studied using Brabender-visco-amylograph (Bra-
bender OHG, Duisburg, Germany), following the AACC
method [14]. The flour blends were weighed based on 14 g
moisture content per 100 g of flour blend and mixed with
water (100 ml) and made into paste. This slurry was trans-
ferred into visco-amylograph bowl and allowed to heat up
to 90-151°C and mixed with the speed of 250 rev/min.
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The pasting characteristics were measured in the range
of 0-1000 Brabender units (BU) using 300 cmg cartridge
spring for the time of 27.50 min.

Biscuit preparation

In order to determine composite GF biscuit dough for-
mulation, the ratio of principal ingredients was varied
until dough of good handling properties was obtained.
The formulation is presented in Table 1. Biscuit dough
from WF was prepared as control samples. Test bak-
ing of biscuits was carried out for different blends
AF:PCF-(50:50) AF:PCF-(50:25), AF:PCF:PS-(50:25:25),
AF:PCF:CS-(50:25:25), AF:PCF:PS + GMS-
(50:25:254+0.5%), AF/PCF/PS + SSL, AF/PCF/
PS+HPMC, AF/PCF/PS+GR, AF/PCF/PS+GA, AF/
PCF/PS +SSL+ CARR, AF/PCF/PS+GA. The formula
used was: 100 g flour, 30 g sugar, 20 g shortening, 1 g
sodium chloride, 0.75 g sodium bicarbonate, 1 g ammo-
nium bicarbonate, 2 g dextrose, 2 g skimmed milk powder
and 20-45 ml water. Fat and sugar powder were creamed
in a Hobart mixer (model N 50, North York, ON, Canada)
at speed 1 (61 rpm) for 1 min and continued creaming at
speed 3 (178 rpm) for 4 min. Dextrose, milk powder made
into suspension in water, baking chemicals and sodium
chloride dissolved in water were transferred to the above
cream and mixed at speed 1 (61 rpm) for 2 min with fur-
ther mixing for 2 min at speed 2 (125 rpm) to get a smooth
cream. Flour was transferred to the above cream and mixed
for 2 min at speed 1 (61 rpm) to get the biscuit dough. After
mixing, biscuit dough was sheeted manually to a thickness
of 3.5 mm, cut using a circular mould (51 mm diameter),
cut dough was transferred to aluminium trays and placed
in baking oven and baked at 200 °C for 9-10 min. Biscuits
were cooled to room temperature, packed in polypropylene
pouches and sealed [15]. Hydrocolloids (HPMC, CARR
and GA) and emulsifiers (GMS and SSL) were used to
improve the quality of biscuits.

Fundamental techniques: rheological characterisation
of biscuit dough

Rheological measurement was performed on a controlled
stress and strain rheometer (Anton Paar MCR 301, Ost-
filden, Germany), using a parallel plate geometry (75 mm
diameter) with a gap between the two plates of 2 mm. The
outer edge of the plate was sealed with a thin layer of par-
affin oil to prevent dehydration during the test. All rheo-
logical measurements were carried out at 25°C. A strain
sweep experiment was conducted initially to determine the
limits of linear viscoelasticity; then frequency sweep was
carried out to obtain elastic (storage) modulus (G') and vis-
cous (loss) modulus (G") at frequencies ranging from 0.1

to 10 rad/s. A strain of 0.5 which was within linear viscoe-
lastic range was used for dynamic experiments. All rheo-
logical measurements for biscuit dough samples were per-
formed in duplicates.

Biscuit evaluation
Geometrical properties

Weight (w) of the biscuits was measured. Diameter (W)
and thickness (T) of biscuits were measured by placing
them edge-to-edge and stacking, respectively. Biscuits
were rearranged and measurements were made. The spread
ratio W/T was calculated. Density of biscuit was calculated
using w/v where v is the volume of the biscuit.

Texture analysis

Evaluation of texture expressed as breaking strength (Kgf)
was measured using the triple beam snap (three-point
break) technique of Gains [16] using an Instron Univer-
sal Testing Instrument (Model 4301, Instron Ltd., High
Wycombe, Bucks, UK) equipped with 50 kg load cell. The
hardness of the biscuit was indicated by the maximum peak
force required to break the biscuits. The slotted Inserts are
adjusted and secured on the Heavy Duty Platform to fit
sample size and position centrally under the knife edge.
The biscuit was rested on two supporting beams spaced at a
distance of 3 cm. The instrument was set to ‘return to start’
cycle, a pretest speed of 1.5 mm/s test speed of 2.0 mm/s,
post-test speed of 10 mm/s, and a distance of 5.0 mm. The
maximum peak force (Kgf) from the force—deformation
curve was recorded.

Color analysis

The surface colour of the biscuit samples were measured
using Hunter Lab colour measuring system (Labscan
XE, USA). The colorimeter was calibrated using a stand-
ard white plate. Biscuit sample was placed in a transpar-
ent glass bowl and placed on a slit opening and the surface
color was measured thrice. The color values L*, a* and
b* were measured with a Dg¢s illuminant and a 10° geom-
etry. L* (Lightness factor, O=black, —100=white), a*
(+value=red, —value=green), and b* (+value=yellow,
—value =blue) values were recorded. Each value was an
average of 15 different measurements.

Sensory evaluation
Quantitative descriptive analysis (QDA) was used to meas-

ure the sensory attributes of composite GF biscuit sam-
ples prepared with different additives. Fifteen judges (8
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Table 1 Formulation for composite biscuits

Ingredients

Control

AF:PCF (50:50)

AF:PCF (50:25)

AF:PCF:CS
(50:25:25)

AF:PCF:PS
(50:25:25)

AF:PCF:PS + GMS
(50:25:254+0.5)

Wheat flour (WF-

g)

Amaranth flour

(AF-g)

Puffed Chickpea
flour (PCF-g)

Corn starch (CS-g)

Potato starch

(PS-g)

Sugar powder (g)

Fat (g)

Sodium bicarbo-

nate (g)

Ammonium bicar-

bonate (g)

Salt (g)

Skim milk powder

(&)

Dextrose (g)

Vanilla essence

(ml)
‘Water (ml)
GMS (g)
SSL (g)
HPMC (g)
GR ()
GA (g)
CARR (g)

100

30
20
1.0

1.0

2.0
2.0

2.0
0.5

32

50

50

30
20
1.0

1.0

2.0
2.0

2.0
0.5

40

66.6

334

30
20
1.0

1.0

2.0
2.0

2.0
0.5

35

50

25

25

30
20
1.0

1.0

2.0
2.0

2.0
0.5

30

50

25

25

30
20
1.0

1.0

2.0
2.0

2.0
0.5

35

50

25

25

30
20
1.0

1.0

2.0
2.0

2.0
0.5

38
0.5

Ingredients

AF:PCF:PS+SSL

(50:25:25+0.5)

AF:PCF:PS + HPMC

(50:25:25+0.5)

AF:PCF:PS + GA
(50:25:25+40.5)

AF:PCF:PS + CARR
(50:25:25+0.5)

AF:PCF:PS + SSL+ CARR

(50:25:25+0.5+0.5)

AF:PCF:PS +SSL +GA
(50:25:25+0.5+0.5)

Wheat
flour
(WF-g)

Amaranth
flour
(AF-g)

Puffed
Chick-
pea flour
(PCF-g)

Corn
starch
(CS-g)

Potato
starch
(PS-g)

Sugar
powder
(9]

Fat (g)

Sodium
bicarbo-
nate (g)

Ammo-
nium
bicarbo-
nate (g)

50

25

25

30

20
1.0

50

25

25

30

20
1.0

50

25

25

30

20
1.0

1.0

50

25

25

30

20
1.0

50

25

25

30

20
1.0

50

25

25

30

20
1.0

1.0
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Table 1 (continued)

Ingredients AF:PCF:PS+SSL
(50:25:25+0.5)

AF:PCF:PS + HPMC
(50:25:25+0.5)

AF:PCF:PS +GA
(50:25:25+0.5)

AF:PCF:PS +CARR
(50:25:25+0.5)

AF:PCF:PS + SSL+ CARR
(50:25:25+0.5+0.5)

AF:PCF:PS +SSL +GA
(50:25:25+0.5+0.5)

Salt (g) 2.0 2.0 2.0
Skim milk 2.0 2.0 2.0
powder
(@
Dextrose 2.0 2.0 2.0
(€3]
Vanilla 0.5 0.5 0.5
essence
(ml)
Water (ml) 40 45 47
GMS(2) - - -
SSL (g) 0.5 - -
HPMC (g) - 0.5 -
GR(® - - -
GA (g) - - 0.5
CARR(g) - - -

2.0 2.0 2.0
2.0 2.0 2.0
2.0 2.0 2.0
0.5 0.5 0.5
45 45 47
- 0.5 0.5
- - 0.5
0.5 0.5 -

HPMC hydroxypropyl methylcellulose, GR Guar gum, GA Arabic gum, CARR Carrageenan, GMS glycerol monosterate, SSL sodium stearoyl-2-

lactylate

Females and 7 Males) from the Institute participated in
the analysis, and they had experience in descriptive analy-
sis. A structured scale of 15 cm anchored at 1.25 cm on
both ends representing low (detection threshold) and high
(saturation threshold). Biscuit samples were served to the
panelists in glazed chinaware/porcelain containers coded
with three-digit random numbers. Water was served along
with the samples for palate cleansing. The order of serv-
ing the sample was randomized so that bias due to presen-
tation sequence was minimized. Panellists were asked to
mark the perceived intensity of each attribute listed on the
score card by drawing a vertical line on the scale and writ-
ing the code number (on the serving container). The scores
for each attribute for a given sample were tabulated, repre-
senting the judgment of individual panellists. Finally, mean
value was taken for each attribute of a sample, representing
the panel’s verdict about the sensory quality of the product.
This is represented graphically as sensory profile.

Nutritional quality parameters of GF biscuits

The control biscuit (WF) as well as composite GF biscuits
containing 0.25 g/100 g gum Arabic and 0.25 g/100 g
SSL were analyzed for various nutritional quality param-
eters such as ash content and protein content according to
the AACC methods [14]. IVSD (in-vitro starch digestibil-
ity) was according to the method followed by Goni [15]
IVPD (in-vitro protein digestibility) was estimated using
pepsin pancreatin protein digest index method [18]. The
nitrogen content of the sample and the undigested residue
were determined by the Microkjeldahl method [14]. The

digestible protein of the sample was calculated by subtract-
ing residual protein from total protein of the sample.

Digestible crude protein

Protein digestibility(%) = Total crude protein

Immunological validation and enzyme linked
immunosorbent assay (ELISA)

Gluten analysis was performed for control and compos-
ite GF biscuits using the RIDASCREENR-7001 Gliadin
ELISA (RBiopharm, Germany) according to Sarabhai et al.
[19]. Extraction procedure was followed as described in the
kit (R Biopharm, Germany).

Statistical analysis

Results were statistically analysed using Duncan’s new
multiple range test with different experiment groups appro-
priate to the completely randomized design with three rep-
licates each, at p<0.05 as described by Steel and Torrie
[20].

Results and discussion

Pasting characteristics of flours and its blends

The pasting parameters for AF, PCF and blends of AF:PCF
and starches are presented in Table 2. The peak temperature

of amaranth flour was 64.7°C, whereas puffed chickpea
flour had 73.1 °C respectively. Amaranth (AF) flour showed

@ Springer
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Table 2 Pasting characteristics

‘ Samples Tg (°C) PV (BU) CPV (BU) BD (BU) SB (BU)

of flours and composite blends
AF (100) 64.7+0.01*  392+0.03°  411+0.02¢  82.0+0.05¢ 101 £0.15°
PCF (100) 73140119 167+0.02°  245+0.01* 0.0 78 +0.09*
AF:PCF (50:50) 66.7+0.05°  232+0.01°  302+0.03°  8.0+0.08" 78 +0.06%
AF:PCF (50:25) 67.6+0.14>  294+0.03¢  351+0.05°  31.0+0.09° 88 +0.06"
AF:PCF:CS (50:25:25)  69.6+0.22°  526+0.01"  597+0.04°  119.0+0.05°  190+0.08°
AF:PCF:PS (50:25:25) 67.0+£0.11°  270+0.05°  352+0.02°  38.0+0.06° 120+0.05¢

Values are means +standard deviation of three replicates; values in the column with the same letter in
superscript are not significantly different from each other at (p<0.05). Data represent the mean of three

replicates + standard deviation

Tg Gelatinisation temperature, PV peak viscosity, CPV cold paste viscosity, BD breakdown, SB setback,
BU Brabender units, AF Amaranth flour, PCF puffed chickpea flour, CS corn starch, PS potato starch

the highest peak viscosity (PV), cold paste viscosity (CPV)
and breakdown (BD) compared to puffed chickpea flour.
Blending puffed chickpea flour (PCF) with AF strongly
decreased the viscosity parameters. AF:PCF blends also
showed reduction of viscosity and setback parameters. This
could be due to higher amount of protein thereby diluting
the amount of carbohydrates present. The highest swelling
ability was observed for the 50:25 blend, followed by the
50:50 blend. The bonding forces within the granules in the
mixes could affect the swelling behavior and could explain
the rapid increase in viscosity shown by these blends. As
the percentage of AF increased, the setback and peak vis-
cosity (PV) increased. Pasting property of chickpea, cow-
pea and yellow pea starches were influenced by granule
swelling, as pointed out by Ratnayake et al. [21]. It has
been speculated that high contents of other components,
especially fat and protein, influence the swelling power and
pasting properties of starches [22]. A negative correlation
was found between peak viscosity and protein content of
flour blends caused by the presence of proteins, as negative
correlation between protein concentration and peak viscos-
ity in rice flour and corn starch have been reported [24].
Another possible reason could be the higher lipid content
of chickpea flour which leads to a decrease in the viscos-
ity function through the formation of lipid-amylose com-
plexes [24]. The high pasting temperature may be due to
the higher resistance to swelling and rupture of chickpea
starch [25] and its high content of protein. It was observed
that in there was drastic decrease in CPV and SB for
AF:PCF (50:50) blend than AF alone. The CPV is largely
determined by the retrogradation of soluble amylose upon
cooling. The differences in CPV values could be due to the
low amylose content of the amaranth starch which provides
less soluble amylose upon cooling; therefore, less amylose
retrogradation takes place, as indicated by the lower CPV
values. These results were in agreement with Balasubrama-
nian et al. [26] who reported that there was a decreasing
trend in degree of gelatinization with increase in legume
incorporation level. Miles et al. [27] reported that increase

@ Springer

in final viscosity might be due to the aggregation of the
amylose molecules.

The effect of corn and potato starches on pasting char-
acteristics of amaranth—puffed chickpea blends was also
studied. Pasting temperature in the blends varied from 67.6
to 69.6 °C Incorporation of CS increased the peak viscos-
ity whereas addition of PS decreased the same. The high-
est PV was observed in AF:PCF:CS (50:25:25) blend. The
higher peak viscosity of AF:PCF:CS mixture may be attrib-
uted due to higher phosphorus and lower amylose con-
tent of CS, which caused the higher swelling of CS than
PS. However, the amylose content of CS is supposed to be
lower than that of AF and PCF flours. Thus, the viscosity
of the AF:PCF:CS mixture was higher than that of the con-
trol because AF:PCF starch was diluted by the starches in
the mixtures. The low viscosity indicates flour with high
enzymatic activity resulting in low water holding capacity.
AF:PCF:CS (50:25:25) had higher setback value of 190 BU
compared to all the composite blends.

Quality characteristics of biscuits
Quality characteristics of composite biscuits

The physical characteristics of biscuits as affected by the
AF:PCF blends are presented in Table 3. The diameter of
the control biscuit was 5.6 cm and thickness was 0.55 cm.
Biscuits prepared from AF and PCF composite had the
diameter between 5.5 and 5.6 cm and thickness ranged
between 0.50 and 0.53 cm. Hence the spread ratio was in
the range between 10.57 and 10.62 indicating the incor-
poration of PCF has marginal effect on these parameters.
Sinduja et al. [28] reported that inclusion of amaranth flour
in cookies reduced the spread and increased the thickness.
The changes in the physical parameters may be attributed
to the higher protein content of these flours which might
have changed the dough characteristics. Biscuits with the
composite blends were slightly denser than the control as
seen in the higher values for the composite biscuits. The
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Table 4 Cerelation mat.rb.( for Storage Loss modulus (Pa) Damping  Spread ratio Density (g/cc) Texture
the rheological characteristics of modulus factor (Pas) (kg
dough and biscuit parameters (Pa) force)
Spread ratio 0.985 —0.648 0.647 - - -
Density —-0.209 0.787 0.759 —-0.04 - -
Texture -0.359 0.873 0.649 —-0.195 0.987 -
Overall quality ~ 0.987 -0.85 0.33 0.947 -0.35 0.5

breaking strength for control biscuit was 1.17 Kgf, whereas
the composite biscuits containing AF at higher ratios were
slightly harder as seen in the higher values of the breaking
strength. Sindhuja et al. [28] reported harder texture for the
cookies with amaranth flour. McWatters et al. [29] attrib-
uted the harder texture of sugar cookies with added cowpea
which led to the increased protein content and its interac-
tion during dough development. The biscuit containing AF
and PCF was lighter in color compared with WF biscuits
since the dimension L means lightness with 100 for white
and O for black. All the biscuits showed the redness in dif-
ferent degrees. The a value (9.49) and b value (22.34) was
higher for the control WF biscuit and the AF:PCF biscuit
had lower a and b values. The surface color of the biscuits
generated in the baking process is due to non-enzymatic
browning (Maillard reactions) between reducing sugars and
amino acids, but also possibly to starch dextrinisation and
sugar caramelisation [30]. It has also been reported that
protein content has a negative correlation with the light-
ness. Therefore, the differences observed when the chick-
pea flours inclusion could be attributed to the high protein
content and the different amino acid composition of the
composite flours compared to the wheat flour. Cady et al.
[31] also attributed lower L values, which are directly
related to the lightness, to the increased presence of reduc-
ing sugars in biscuits with darker top surfaces, and more of
a browner hue were also reported for incorporation of other
composite flours which included cowpea and foni [29] soy
protein [31] and hulls from wheat, rice, oats and barley
[15].

Sensory attributes were tested by descriptive sensory
analysis. Ten parameters such as color, surface, firmness,
crispness, crumbliness, dryness, sweetness, flavour and
overall quality were analyzed by trained panelists. Sen-
sory evaluation of biscuits prepared by substituting AF and
PCF is presented in Fig. 2a. Substitution of AF and PCF
influences all sensory parameters significantly except the
shape of the biscuit. The surface colour score of 10.4 for
control was greatly improved by incorporation of AF:PCF
up to 50:50 (13.2) and 50:25 (12) substitution level respec-
tively. Significant reduction in surface characteristics was
observed in biscuits prepared from AF:PCF (50:50) com-
pared to AF:PCF (50:25) incorporated biscuits. Surface of
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biscuits prepared from composite flour was rough when
compared to WF biscuits. A similar trend was observed for
the texture score of biscuits. Decrease in texture score could
be correlated with hardness value of the biscuits (Table 4).
Biscuit containing AF:PCF (50:25) was crisper. Mouth-
feel and flavour score of the biscuit was more influenced
with incorporation PCF in the biscuits. The sensory panel
reported acceptable flavour of the biscuit. Overall quality of
biscuits reduced from 12.5 for control WF biscuit to 9.5 at
50:50 AF:PCF substitution levels. There was no significant
change in overall quality AF:PCF (50:25) substitution.

Influence of starches on biscuit quality characteristics

The effects of addition of corn and potato starch to
AF:PCF blend are shown in Table 3. Incorporation of
corn starch marginally increased the diameter and thick-
ness, whereas with potato starch, the thickness decreased
to a greater extent. Thereby the spread ratio and density
decreased with corn starch and increased with potato
starch addition. This may be attributed to the higher
swelling power of starch granules present in the potato
starch. Corn starch granules exhibit lower swelling power
than potato starch granules, because of the small granule
size, higher lipid content and gelatinization temperature
[33]. The addition of corn and potato starch may also
have affected the formula water content that increased
the dough extensibility which resulted in biscuits with
higher spread factors. Chanderashekhra and Shurpalekar
[34] reported higher extensibility of dough made by the
addition of potato starch from different Indian potato cul-
tivars. The results clearly reveal that potato starch having
the higher peak resulted in biscuits with a higher spread
factor and vice-versa. The L values decreased with the
addition of both corn and potato starches in the biscuits.
Biscuits containing corn starch showed higher L value
at 50.92 than those having potato starch 50.29. Addition
of both corn and potato starches to AF:PCF reduced the
fracture force of biscuits (Table 3). Biscuits with addition
of starches required a force 0.90 and 0.56 Kgf respec-
tively to fracture. The addition of either of the starches
increased the starch and the pigment contents that may
have resulted biscuits with lower L values after baking.
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Fig. 1 Mechanical spectra of wheat and composite GF biscuits con-
taining potato starch and additives: G’ (storage modulus), G (loss
modulus) and tand (damping factor). WF wheat flour, AF Amaranth
flour, PCF Puffed chickpea flour, PS Potato starch, HPMC hydroxy-
propyl methylcellulose, GA Arabic gum, CARR Carrageenan, GMS
glycerol monosterate, SSL sodium stearoyl-2- lactylate, AF/PCF/PS

The a and b values decreased with the addition of either
of the starches. The variation in the colour characteristics
among all the biscuits made with the addition of corn and

(50:25:25), AF/PCF/PS+GMS (containing 0.5% GMS), AF/PCF/
PS+SSL (containing 0.5% SSL), AF/PCF/PS+HPMC (containing
0.5% HPMC), AF/PCF/PS+CARR (containing 0.5% CARR), AF/
PCF/PS+ GA (containing 0.5% GA), AF/PCF/PS+SSL+GA (con-
taining 0.5% SSL+0.5% GA)

potato starch may be attributed due to the differences in
the pigment content of the respective flours and also due
the difference swelling behaviour and melting of starch
crystallites of corn and potato starches.
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Effect of emulsifiers and hydrocolloids
Rheological properties of biscuit dough

The dynamic viscoelastic properties of dough have been
related to the quality of food product [35]. The G’ elastic
(storage) moduli and G” viscous (loss) moduli against the
frequency for biscuit doughs with different hydrocolloids
and emulsifiers are displayed in Fig. 1a, b. Both moduli (G’
and G") for all samples increased with increasing frequen-
cies. Moreover, elastic modulus G’ was greater than vis-
cous G” modulus throughout the frequency range (Fig. 1a,
b) This indicate that all dough samples with potato starch
and different additives including control biscuit dough had
more elastic properties than viscous properties [35]. The
rheological properties of potato starch have been reported
to depend on granular structure, amylose to amylopectin
ratio and presence of phosphate ester [36, 37] that may
have affected the rheological properties. Addition of potato
starch to the dough system increased elastic modulus and
decreased tand, suggesting that presence of potato starch
increased the strength and elasticity of gluten free com-
posite dough. Similar observations on dynamic rheologi-
cal studies have been previously reported for gluten free
bread dough supplemented with carob flour [38] and for
rice flour dough [39]. However biscuit dough is character-
ized by high moisture and high fat and sugar content when
compared with bread dough, it exhibited higher elastic
modulus than gluten free bread dough composed of rice
and buckwheat flour [40]. According to previous conducted
studies, addition of fat [41] and reduction in water level in
both glutens free [39] and in wheat led to increase in dough
elastic modulus. Combination of emulsifier and hydrocol-
loid (SSL + CARR) showed the largest effect on G’ with the
most enhanced softening effect in composite biscuit dough
with addition of additives. The combined effect of SSL and
Carrageenan seemed to be most suitable option because it
involved the largest reduction in both moduli and, thus the
more pronounced positive effects in the dough firmness of
composite dough.

Similarly, the tand (G"/G') varied significantly for the
composite doughs when compared with control dough
Fig. lc. In most of the cases, the value of tand was lower
the control. It is noteworthy that the large increase of tand
values was observed with only SSL in whole range of
angular frequency. This fact was directly related to reduc-
tion in elastic properties and increase in viscous properties
which is promoted by SSL into control dough. Overall, the
additives modified the slope of tand with angular frequency
of control dough by increasing the elastic contribution at
high angular frequencies. Especially tand decreased in the
presence of GA+SSL and CARR+SSL with increasing
angular frequency.
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Quality characteristics of biscuits

Based on the data the combination of AF:PCF:PS
(50:25:25) was considered as optimum. Emulsifiers and
hydrocolloids were added in order to improve the quality
of biscuits (Table 3). Addition of all the additives increased
the spread ratio significantly (p <0.05). The biscuits were
denser than control biscuits. The most important improve-
ment observed was a significant decrease in the break-
ing strength of biscuits when GMS and SSL were added.
Emulsifiers are known to enhance the incorporation of air,
creating great numbers of air bubbles, aid in dispersing the
shortening in sufficiently small particles and produce the
maximum number of effective nucleating site [42]. GMS
with its lypophilic nature [43], was probably more efficient
in providing many nucleating sites. Addition of different
hydrocolloids also showed the similar effect as emulsifiers.
Rosell et al. [44] reported that hydrocolloids can improve
dough development and gas retention by increasing dough
viscosity. Gémez et al. [45] working on the role of hydr-
ocolloids in a cake system explained that this increase in
viscosity slows down the rate of gas diffusion and allows
its retention during the early stages of baking. Effect of
emulsifiers and hydrocolloids on the dough hardness was
also reflected in the breaking strength of their respective
biscuits.

Among the different hydrocolloids, no significant dif-
ference was found in L values of biscuit. Biscuits contain-
ing combination of emulsifiers and hydrocolloids showed
higher L value (53.52 and 52.15) respectively. The a val-
ues of biscuits were higher for SSL+CAR and SSL+GA
formulations compared to that of AF:PCF:PS (50:25:25);
the lowest a value was observed for the biscuit containing
HPMC. No considerable differences in yellowness were
found among the different samples. Among the composite
biscuits, in the presence of SSL +CAR there was a signifi-
cant difference in surface color.

Effect of emulsifiers and hydrocolloids on sensory char-
acteristics of composite biscuits is presented in Fig. 2b. The
results showed that the addition of GMS, SSL, HPMC, GA
and CARR improved the crumb characteristics of compos-
ite biscuits with reference to color, texture and mouth feel.
This is reflected in the increase in the overall quality score.
The above results showed that improvement brought about
by the addition of GA to the biscuits with combination of
SSL was highest.

Relationship between dough characteristics and biscuit
parameters

The relation between dough characteristics and biscuit
parameters of AF+PCF+PS+GA+SSL combination
is presented in Table 4 in the form of correlation matrix.
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Fig. 2 Sensory analysis of A
composite GF biscuits with and
without additives. WF wheat
flour, AF Amaranth flour, PCF
Puffed chickpea flour, CS Corn
starch, PS potato starch, HPMC
Hydroxypropyl methylcel-
lulose, GA Arabic gum, CARR
Carrageenan, GMS Glycerol
monosterate, SSL Sodium
stearoyl-2- lactylate

Sweet

Vanilla

Baked cereal

Baked cereal

It can be observed that some of the dough characteristics
have affected the biscuit quality. The spread ratio of the bis-
cuit, which is an important quality parameter, positively
correlated to rheological parameters i.e. storage modulus
(r=0.98) and damping factor (r=0.647) and negatively
correlated to loss modulus (r=-0.648). Density which
indicate the porosity of biscuits negatively correlated to
storage modulus (r=-0.209) and spread ratio (r=-0.04),
whereas it positively correlated to loss modulus and

Brown

Surface

== control
AF:PCF (50:50)
== AF:PCF (50:25)

Dry

=¢=control
AF:PCF:CS (50:25:25)
=== AF:PCF:PS (50:25:25)

Dry

=== Control

Surface character ~@—AF-PCF-PS +GMS
== AF:PCF:PS +SSL

Firmness . \p-pcF:ps +HPMC

== AFPCF:PS +CARR

o~ AF:PCF:PS + GA

Crispness
=t AF:PCF:PS
+SSL+CARR
Crumbliness -=AFPCF.PS
+SSL+GA

Dry

damping factor. Texture which contributes to biscuit quality
to a greater extent negatively correlated to storage modu-
lus and spread ratio and positively correlated to loss modu-
lus, damping factor and density of biscuits. Overall qual-
ity of the biscuits positively correlated to storage modulus,
damping factor, spread ratio density and texture, whereas
the same negatively correlated to loss modulus. The study
infers that results obtained from textural and geometri-
cal measurements of biscuit were in accordance with the
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rheological properties of biscuit dough. Hadnadev et al.
[46] have revealed that rheological properties of cookie
dough determine the quality of final product. Accordingly,
a firm, non-sticky dough results in firm and thin round
cookies, whereas soft, sticky dough yields soft and thick
oval cookies. Wani et al. [47] also reported that less exten-
sible cookie dough resulted in harder cookies.

Nutritional characterization of biscuits

The wheat flour biscuits and composite GF flour biscuits
from AF:PCF:PS+SSL+GA were selected to carry out
the analysis for assessing the nutritional quality parameters
(Table 5). There was significant increase in the protein con-
tent from 8.25 to 12.5 g/100 g. The fat content of the com-
posite GF biscuit was marginally higher than the control
biscuits. The IVSD increased from 28.86 to 30.76 g/100 g.
Measurement of easily digestible starch content, slowly
digestible starch content and resistant starch content predict
the rate and extent of starch digestion in the human small
intestine [48]. The IVSD and rapidly digestible glucose
content values are useful in predicting glycaemic response
to carbohydrates [49]. There was also a significant increase
in the IVPD values from 56.2 g/100 g to 60.5 g/100 g.
These results indicate that composite GF biscuits prepared
from non-gluten flours have better nutritional profile when
compared to wheat flour biscuits containing gluten. ELISA
method confirms that the amount of gluten present in the
final product was within the permissible limits (<20 ppm).

Conclusion

The present study was an attempt to prepare composite glu-
ten free biscuits, where in non-gluten flours namely ama-
ranth and puffed chick pea flours were used. Potato starch
incorporation improved the quality of biscuits. Combina-
tion of gum Arabic and sodium stearoyl lactylate resulted
in significant improvement in the overall acceptability of

Table 5 Nutritional quality parameters of biscuits

Parameters (%) Biscuits
Control Composite

Moisture 3.49+0.02 4.51+0.02
Fat content 16.3+0.01 18.8+0.01
Protein content 8.25+0.03 12.50+0.04
IVSD 28.86+0.02 30.76+0.03
IVPD 56.30+0.03 60.50+0.03
Gluten (ppm) 90.0+0.02 2.00+0.01

Values are means + standard deviation of three replicates

IVSD in vitro starch digestibility, /VPD in vitro protein digestibility

@ Springer

the biscuits. The textural and geometrical measurements of
biscuit were in accordance with the rheological properties
of biscuit dough. Composite gluten free biscuits can be pre-
pared from non-gluten flours (amaranth and puffed chick-
pea) by incorporation of starches (potato starch), along
with gums and emulsifiers. These biscuits were rich in pro-
tein and had better in vitro protein and starch digestibility.
The biscuits thus prepared had very low gluten and can be
termed as gluten free biscuits. These biscuits can thus be
beneficial for patients suffering from celiac disease and for
public in general as it is rich in high protein.
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