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1  | INTRODUC TION

Sweet potato (Ipomoea batatas L.) is an important crop and grown in 
the tropical region of the world. China is leading country in the pro-
duction of sweet potato and alone producing about 80 to 85%, fol-
lowed by other countries in Asia and then by Africa and Latin America 
(Centro Internacional de la Papa, 2009). It is referred to as “food se-
curity” or “famine relief” crop, particularly in developing countries 
(Grant, 2003) due to drought resistance and climate-resilient. It is 

a storehouse of energy and micronutrients such as vitamins and 
minerals. There are different varieties of sweet potato, based on the 
flesh color, such as orange-fleshed, purple-fleshed, and pale cream 
fleshed. The different colored varieties have health promoting nu-
trients, and their natural color is an excellent alternative to artificial 
colors and used as colorant in food and pharmaceutical industries 
(Truong & Avula, 2010). Sweet potato tubers are not only nutrition-
ally dense, but also gluten-free (GF) and suitable to produce prod-
ucts for gluten-sensitive people (Giri & Sakhale, 2019).
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Abstract
Cookies were formulated with orange-fleshed sweet potato (OFSP) flour, ama-
ranth flour (AF), and cassava starch powder (CSP) in the ratio of 0:50:50 (control), 
40:30:30 (T1), 50:25:25 (T2), 60:20:20 (T3), 70:15:15 (T4), 80:10:10 (T5), 90:05:05 (T6), 
and 100:0:0 (T7), respectively. The cookies were prepared and evaluated for phys-
icochemical, nutritional, and sensory characteristics. Significant decrease in water 
absorption, oil absorption, increase in spread ratio, spread factor, and hardness of 
gluten-free (GF) cookies with an increase in the incorporation of OFSP flour. The 
dough stability, consistency, and farinograph quality number were increase. The 
OFSP cookies were superior to control for bioactive components and antioxidant 
activity. The cookies containing 70% OFSP flour with 15% AF and CSP found organo-
leptically acceptable and safe for 90 days of storage period.

Practical applications
The orange-fleshed sweet potato tubers are rich in health benefit components such 
as β-carotene, phenolic acids, carbohydrates, fibers, thiamine, riboflavin, niacin, po-
tassium, zinc, calcium, iron, and vitamins A content. The potential of orange-fleshed 
sweet potato flour was utilized for the development of gluten-free (GF) cookies en-
riched in carotenoids content. The in-depth study of various functional, nutritional, 
and rheological properties of orange-fleshed sweet potato flour with amaranth flour 
and cassava starch powder represents its suitability for the preparation of functional 
GF cookies enriched in micronutrients. The additional benefits of combinations of 
these ingredients in GF cookies can be used for celiac patients, fasting purpose, and 
to combat the deficiency of vitamin A.

www.wileyonlinelibrary.com/journal/jfpp
mailto:﻿
https://orcid.org/0000-0002-2981-1152
mailto:﻿
https://orcid.org/0000-0002-5816-2286
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjfpp.15324&domain=pdf&date_stamp=2021-02-11


2 of 14  |     GIRI and SAKHALE

The orange-fleshed sweet potato (OFSP) tubers rich in health 
benefit components such as β-carotene, phenolic acids, carbohy-
drates, fibers, thiamine, riboflavin, niacin, potassium, zinc, calcium, 
iron, vitamins A and C, and high-quality protein (Grace et al., 2014). 
The potential of this variety was utilized for the preparation of differ-
ent value-added products to combat vitamin A deficiency. In many 
regions of the country, especially in Africa, where orange-fleshed 
sweet potato food products helped to reduce the incidence of vi-
tamin A deficiency (van Jaarsveld et al., 2005). Frances et al. (2017) 
formulated an improved and nutritious GF biscuit suitable for celiac 
disease using OFSP puree along with cowpea flour, cassava starch, 
and coconut milk. Biscuits with 80% cassava starch, 5% orange-
fleshed sweet potato puree, and 15% cowpea flour were most ac-
ceptable. This biscuit was rich in potassium and β-carotene. Celiac 
disease is a chronic disease that occurred in 1%–2% of the world’s 
population (Reilly & Green, 2012). The ingestion of gluten present 
in wheat, rye, and barley caused severe damage to microvillus of the 
small intestine and led to no absorption of micronutrients, which 
caused micronutrient deficiency in celiac patients. The remedy to 
prevent symptoms of celiac disease is to stick to a GF diet for life 
long time (Rubio-Tapia & Murray, 2010). Sweet potato tubers can be 
utilized to develop GF products like cookies for celiac disease (Giri 
et al., 2016).

Sweet potato tubers were mainly consumed for fasting pur-
poses in the northern part of India as a source of energy. Other 
ingredients, such as proso millet, sago, amaranth, and potato, were 
also used during fasting days (Rathod & Annapure, 2016). Among 
the other ingredients which are allowed to consume on fasting 
days, amaranth flour was selected for the present study because 
of its nutraceutical relevance. It is considered as a “super food” be-
cause it counts with high nutraceutical values such as: high-quality 
protein including several essential amino acids, unsaturated oils 
as omega-3 and omega-6, dietary fiber, squalene, tocopherols, 
phenolic compounds, flavonoids, phytates, vitamins, and minerals 
(Manuel et al., 2018). It is also a GF ingredient, suitable for prepa-
ration of GF products.

The snacks food items are in high demand by consumers due 
to their convenience and taste. Cookies are mostly liked as a snack 
food and could acts best vehicle for nutritional supplements.GF 
cookies were attempted by different researchers using nonwheat 
flours such as buckwheat flour, cassava flour, quinoa flour, etc. 
(Brito et  al.,  2015; Jisha & Padmaja,  2011; Mishra et  al.,  2015). 
Cookies suitable for person suffering from gluten sensitivity with 
additional health benefits are not much focused and there is need 
to develop GF cookies using ingredients having functional charac-
teristics. However, GF ingredients especially orange-fleshed sweet 
potato, amaranth flour, and cassava could also be consumed on 
fasting days in Northern India which will not only provide energy, 
but also micronutrients. In the present investigation, an attempt 
was made to develop functional GF cookies incorporated with 
OFSP flour suitable for celiac patients, fasting purpose as well as to 
combat vitamin A deficiency.

2  | MATERIAL S AND METHODS

2.1 | Materials

Orange-fleshed sweet potato (OFSP) tubers, amaranth flour (AF), 
cassava starch powder (CSP), refined sugar, vegetable fat, baking 
powder, vanilla essence, water, etc. The essential ingredients ex-
cept OFSP flour and CSP were procured from the local market of 
Aurangabad city.

2.2 | Preparation of OFSP flour and CSP

Orange-fleshed sweet potato tubers (Cv. Bhu Sona) of 3 months ma-
turity having moisture (69.93%), starch (20.03%), sugar (2.2%), fat 
(1.6%), fiber (2.29%), protein (0.4%), and carotenoid (8.89 mg/100 g) 
were obtained from ICAR-Central Tuber Crops Research Institute, 
Thiruvananthapuram, Kerala. The tubers were washed, peeled, sliced 
(5 mm thickness), and cabinet tray dried at 70–75°C for 8–10 hr fol-
lowed by pulverization in a hammer mill into fine flour with a particle 
size of 0.177 mm. The dry flour was packed and stored in airtight 
containers at room temperature till the end-use. The method de-
scribed by Giri et al. (2016) was employed for processing sweet po-
tato tubers to flour.

Cassava starch was extracted from cassava tubers (cv. Sree 
Pavitra) harvested at nine-month maturity from the experimental 
field of ICAR-CTCRI, Trivandrum. Tubers were peeled and crushed 
with plenty of water. The extract was filtered through a muslin cloth 
and kept at undisturbed conditions for 2 days, and the supernatant 
was discarded, and starch particles settled down were then dried at 
70–80°C and converted into powder (Krishnakumar & Sajeev, 2018).

The level of OFSP flour was optimized by mixing with AF and 
CSP at the level of 40% to 100%. The formulation for the prepara-
tion of OFSP GF cookies is given in Table 1.Gluten-free (GF) cookies 
prepared from 50% AF and CSP were treated as control.

2.3 | Preparation method of OFSP-incorporated 
GF cookies

The traditional creaming method was used for the preparation of GF 
cookies, and the process was standardized. The formulation used for 
the preparation of cookies as GF flour blend (100 g), refined sugar 
(30%), vegetable fat (40%), sodium bicarbonate (1%), vanilla essence 
(0.25  ml), and water added as per requirement for preparation of 
the dough.

Fat and sugar were creamed until light and fluffy. Flour was 
sieved with sodium bicarbonate. The cream was mixed with flour, 
and a sufficient quantity of water was added with vanilla essence 
to form dough. Then a sheet of dough was prepared to have thick-
ness of 0.5 cm, and the pieces were cut using a cookie cutter. The 
pieces were placed in the baking tray smeared with fat and baked 
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at 180–200°C for 15 min. Baked cookies cooled for sufficient time, 
packed in HDPE, and stored at room temperature for further analy-
sis (Kure et al., 1998).

2.4 | Functional properties

2.4.1 | Water absorption capacity (WAC)

The method described by Onwuka (2005) was used for the deter-
mination of WAC. Flour blends containing OFSP flour, AF, and CSP 
(1  g) was weighed into a 15  ml centrifuge tube and suspended in 
10 ml of water. It was shaken on a platform tube rocker for 1 min at 
room temperature. The sample was allowed to stand for 30 min and 
centrifuged at 1,200 rpm for 30 min. The volume of free water was 
read directly from the centrifuge tube.

2.4.2 | Oil absorption capacity (OAC)

The method of Onwuka (2005) was used for the determination of 
OAC by mixing flour blends (1  g) with 10  ml refined corn oil in a 
centrifuge tube and allowed to stand at room temperature for 1 hr. 
It was centrifuged at 1,500 rpm for 20 min. The volume of free oil 
was recorded and decanted. OAC was expressed as ml of oil bound 
by100 g dried flour.

2.4.3 | Bulk density (BD)

The BD of the flour blends was determined using the method de-
scribed by Onwuka (2005). About 10 g of the sample was weighed 
into a 50 ml graduated measuring cylinder. The sample was packed 
by gently tapping the cylinder on the bench top 10× from a height in 
ml. The volume of the sample was recorded.

2.4.4 | Foaming capacity and stability

Foaming capacity (FC) was determined according to the method 
described by Onwuka (2005). Flour blends (2 g) was weighed and 
added to 50 ml distilled water in a 100 ml measuring cylinder. The 
suspension was mixed and shaken adequately to foam, and the total 
volume after 30 s was recorded. The percentage increase in volume 
after 30 s is expressed as foaming capacity. The volume of foam was 
recorded 1 hr after whipping to determine foam stability as per the 
percent of initial foam volume.

2.4.5 | Emulsification capacity

Emulsification capacity (EC) was determined using the method as 
described by Kaushal et  al.  (2012). Flour blend sample (2  g) was 
blended with 25 ml distilled water at room temperature for the 30 s. 
After that, 10 ml of refined corn oil was added, and the blending con-
tinued for another 30 s before transferring into a centrifuging tube. 
Centrifugation was done at 1,500 rpm for 5 min. The volume of oil 
separated from the sample after centrifuging was read directly from 
the tube. Emulsification capacity was expressed as the amount of oil 
emulsified and held per gram of sample.

2.4.6 | Swelling capacity

The swelling capacity of flour blends was determined using a gradu-
ated cylinder of 100 ml filled with the sample to 10 ml mark. The dis-
tilled water was added to give a total volume of 50 ml. The top of the 
graduated cylinder was tightly covered and mixed by inverting the 
cylinder. After 2 min, inverted suspension left to stand for a further 
8 min, and the volume occupied by the sample was taken after the 
8th min (Okaka & Potter, 1977).

(1)

WAC =
(Amountofwateradded − Freewater) × Densityofwater

Weightof sample
× 100

(2)

OAC =
(Amountofoil added − Freeoil) × Densityof cornoil

Weightof sample
× 100

(3)BD (g∕ml) =
Weightof sample

Volumeof sampleafter tapping

(4)

Emulsificationcapacity =
Heightofemulsified layer × 100

Height of whole solution in centrifuge tube

Treatments
Orange-fleshed sweet 
potato (OFSP) flour (%)

Amaranth flour 
(AF) (%)

Cassava starch 
powder (CSP) (%)

Control 0 50 50

T1 40 30 30

T2 50 25 25

T3 60 20 20

T4 70 15 15

T5 80 10 10

T6 90 05 05

T7 100 0 0

TA B L E  1   Formulation of GF cookies 
incorporated with OFSP flour
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2.4.7 | Dispersibility

It was determined by the method described by Kulkarni et al. (1991). 
Sample (10 g) was suspended in 200 ml measuring cylinder, and dis-
tilled water was added to reach the 100 ml mark. The set-up was 
stirred vigorously and allowed to settle for 3 hr. The volume of set-
tled particles was recorded and subtracted from 100. The difference 
was reported as percentage dispersibility.

2.5 | Rheological characteristics

Rheological characteristics reflect the dough properties during 
the processing and quality of the final product. Rheological char-
acteristics of GF dough added with OFSP flour were determined 
using Brabender farinograph, extensograph, and amylograph (Make 
Brabender GMBH, Germany and Model T-150E) according to the 
method No. 54-21 as described in (AACC, 2000).

2.5.1 | Farinograph characteristics

The farinograph characteristics of GF dough-incorporated with 
OFSP were evaluated by weighing a flour blend of 300 g on a 14% 
moisture basis and placed into the corresponding farinograph mix-
ing bowl. Water from a burette was added to the flour and mixed to 
form dough. The mixing characteristics of dough were recorded in 
the form of farinograph curve on graph paper. The amount of water 
added (absorption) which affected the position of the curve on the 
graph paper. Less water increased dough consistency and moved the 
curve upward. The curve was centered on the 500 Brabender unit 
(BU) line ± 20 BU by adding the appropriate amount of water, and 
it ran until the curve leaves the 500 BU line. Dough characteristics 
such as water absorption (%), dough development time (min), dough 
stability (min), mixing tolerance index (MTI) (BU), time to break down 
(min), farinograph quality number, and consistency (BU) were inter-
preted from farinogram.

2.5.2 | Amylograph characteristics

It was determined using a sample of 65 g of flour blend to combine 
with 450 ml of distilled water and mixed to make slurry. The slurry 
was stirred when heated in the amylograph, beginning at 30°C and 
increased at a constant rate of 1.5°C per minute until the slurry 
reached 95°C. The resistance offered by the sample during stirring 
was recorded as a viscosity curve. The observations were recorded 
like the beginning of gelatinization (°C), gelatinization temperature 
(°C), and gelatinization maximum (AU).

2.6 | Physical properties

2.6.1 | Diameter (D) and thickness (T)

The diameter and thickness of GF cookies were calculated as per 
AACC (2000) methods. Diameter (D) and thickness (T) of GF cookies 
in terms of a millimeter (mm) were measured with the help of vernier 
caliper having at least count 0.01.

2.6.2 | Spread ratio (D/T)

Spread ratio of GF cookies was calculated as per AACC (2000)  
method. It was estimated as the ratio of diameter to thickness of 
cookies.

2.6.3 | Spread factor (%)

As per the AACC (2000) method, the spread ratio of the control sam-
ple was considered to be standard (100%) and the spread factor of 
other samples of cookies was determined in comparison with the 
standard value. It was expressed in terms of percentage.

2.6.4 | Texture

The hardness of GF cookies was measured using Instron Universal 
Texturometer (TMS-Pro, FTC, USA). A compression test was em-
ployed. The conditions employed were as follows: Pretest speed: 
1.0 mm/s, test speed: 3.0 mm/s, posttest speed: 10 mm/s distance: 
5 mm, and trigger force: Auto 50 g. The probe used for measurement 
of hardness was knife-edge with slotted insert (HDP/ BS). The maxi-
mum force required just to break the cookies is the hardness. It was 
expressed in terms of Newton (N).

2.7 | Nutritional composition

The proximate components of GF cookies-incorporated with OFSP 
flour such as percent moisture, protein, fat, ash, and crude fiber 
were determined according to the methods of AOAC (2011). Total 
carbohydrates were calculated by difference method, and total calo-
ries were calculated by multiplying protein, carbohydrates, and fat 
content by factors 4, 4, and 9, respectively (Gopalan et al., 2007). 
Minerals content including potassium, magnesium, copper, zinc, 
and iron were determined using atomic absorption spectroscopy, 
whereas phosphorus was spectrophotometrically determined ac-
cording to the method of Rangana (1979).

The energy value of samples was calculated by using following 
formula.

(5)
Dispersibility = 100 − Volumeof thesettledparticle
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2.8 | Bioactive components

2.8.1 | Total phenols

The total phenolic content of cookies sample was determined using 
Folin–Ciocalteu (FC) reagent as the method described by Singleton 
and Rossi (1965) with some modifications. Cookie sample (1 g) was 
kept overnight for extraction with 10 ml of 50% aqueous methanol. 
The mixture was centrifuged at 10,000 rpm for 15 min. The 0.5 ml 
of centrifuged supernatant was added to a test tube containing 5 ml 
FC reagent (10% aqueous solution) and 4  ml aq. Sodium carbon-
ate. The tubes were held for 15 min and measured an absorbance 
at 765 nm using a UV-Vis spectrophotometer (3,000 + model, Lab 
India). Results were then expressed as mg gallic acid equivalents 
(GAE)/100 g of sample.

2.8.2 | Total flavonoids

Total flavonoids content in sample was estimated using aluminum 
chloride colorimetric method (Rawat et al., 2011). Briefly, 0.5 ml of 
methanolic extract of the sample was diluted with 1.50 ml of distilled 
water, and 0.5 ml of aluminum chloride added along with 0.1 ml of 
1 M potassium acetate and 2.80 ml of distilled water. This mixture 
was incubated at room temperature for 30 min. The absorbance of 
the resulting reaction mixture was measured at 415 nm on a spec-
trophotometer using a UV-Vis spectrophotometer. Quantification 
of flavonoids was done based on the standard curve of quercetin 
prepared in methanol, and results were expressed in mg quercetin 
equivalent (QE) / 100 g of sample.

2.8.3 | Total carotenoids

Total carotenoids content of sample was determined by taking the 
ground sample (5 g) and homogenized with the extraction solvent 
(hexane: acetone: methanol  =  2:1:1). The centrifugation step was 
repeated until the supernatant became colorless at 10,000 rpm for 
10  min and collected the supernatant. The supernatant is pooled 
together and transferred into a separating funnel. Carotene was 
extracted by using the solvent hexane. The absorbance was meas-
ured at 450 nm with hexane as blank. An absorbance was scanned 
between 200 and 700  nm and also read the peak absorbance at 
450 nm (Giri & Sakhale, 2020). The total carotenoids were calculated 
using the formula:

2.9 | In vitro antioxidant activity

The in vitro antioxidant property of GF cookies was estimated ac-
cording to the standard method (Reddy et al., 2010). Determination 
of the antioxidant activity of the samples was carried out by 2,2- 
diphenyl-2-picryl-hydrazyl (DPPH) inhibition method. Sample (1  g) 
was added in 10 ml ethanol and kept overnight for extraction. The 
eluted extract was taken (0.2 ml), and to it, 1 ml of DPPH solution 
(80  µg/ml ethanol) was then added. The sample sets were centri-
fuged at 3,000 rpm for 15 min (Sigma laboratory centrifuge 3 K 18, 
Germany). In cuvette, 0.5 ml of centrifuged solution was taken, and 
1 ml of ethanol was added to it. Absorbance was measured at 517 nm 
separately for blank and samples with pure ethanol as reference 
using a UV-Vis spectrophotometer (Lab UV-Vis 3,000+, Lab India).

where, AB = OD for blank; AS = OD for sample.

2.10 | Microbial analysis

The shelf life of OFSP flour-incorporated GF cookies and control was 
determined by microbial analysis and expressed in days. Microbial 
qualities of cookies were evaluated by measuring the total plate 
count (TPC) (Yusufu et  al.,  2016). It was determined by dissolv-
ing cookie sample (1 g) powder in 10 ml sterile saline solution and 
homogenate for 1 min. The serial dilution was done by 1 ml of ho-
mogenate in 9 ml sterile saline, dispensed in test tubes, and 0.1 ml 
of the dilution (10−1, 10−2, and10−3) was spread on sterile Petri plates 
containing nutrient agar media. The numbers of microbial colonies 
produced on petri dish were measured using a digital colony counter. 
The visible colonies were counted and results expressed as cfu/g.

2.11 | Sensory evaluation

The GF cookies-incorporated with OFSP flour were evaluated by semi-
trained panels of 50 judges, using a 9 point hedonic scale system for 
various sensory quality attribute like color and appearance, taste, tex-
ture, flavor, and overall acceptability. Each panelist evaluated the sam-
ples as per the specified conditions of the evaluation process (Amerine 
et al., 2013). Samples were identified with three-digit code numbers 
and presented in a random sequence to panelists. The panelists were 
instructed to rinse their mouths with water after every sample.

2.12 | Statistical analysis

The data obtained from various experiments were statistically 
analyzed. Results were then expressed as means with standard 

(6)

Energyvalue (kcal/100g)= (%Carbohydrate×4)+(%Protein×4)

+ (%Fat×9)

(7)

Total carotenoids (mg∕100g) =
A50 × 0.386 × madeupoffinal volume inml

Freshweightof thesample taken

(8)%DPPHinhibition
(

AB − As ∕AB

)

× 100

(9)
CFU/g =

Noofcolonies (Mean) × Dilution factor

Volumeof sampleused (0.1ml)
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deviations of analysis performed in triplicate for each parameter 
and sensory characteristics (n = 50). A one-way analysis of variance 
(ANOVA) and Duncan’s test was used to establish the significance of 
differences among the mean values at the 0.05 level of significance. 
The statistical analyses were performed using SPSS 16.0 software 
(Steel et al., 1997).

3  | RESULTS AND DISCUSSION

3.1 | Functional characteristics

The OFSP flour- incorporated GF flour blends were subjected to 
evaluation of different functional properties, and these are pre-
sented in Table 2. The data revealed that water absorption capacity 
(WAC) of flour blends significantly (p ≤ .05) reduced with an increase 
in the level of OFSP flour and found highest in the control sample 
(200.17%). It could have been due to the higher amount of starch 
and protein in control, which includes cassava starch powder (starch) 
and amaranth flour (protein) as compared to flour blends with OFSP 
flour. Similar findings are reported by Adeleke and Odedeji (2010) 
that a decrease in WAC with an increase in sweet potato flour level 
in wheat flour blend as wheat flour is rich in protein as compared to 
sweet potato flour. Water absorption capacity measures the ability 
of the product to associates with water in the condition of water 
limiting (Singh, 2001).

Similar to WAC, the control sample had a higher percent oil ab-
sorption capacity (OAC) as compared to GF flour- incorporated with 
OFSP flour. It was decreased from 150.13% to 110.19%, with an in-
crease in the level of OFSP flour. The significant reduction in percent 
OAC of treatment incorporated with OFSP flour might be due to the 
reduction effect of OFSP on amaranth flour and cassava starch pow-
der, which showed higher OAC compared to sweet potato flour. The 
OAC also makes the flour suitable in facilitating enhancement in flavor 
and mouth feel when used in food preparation and depends on phys-
ical trapping of fat in the particles, and association of entrapped fat 
with a polar chain of protein is reported by Wang and Kinsella (1976).

Bulk density (BD) of GF flour blends with OFSP flour and con-
trol was found in the range of 0.64 to 0.72 g/ml. The increase in BD 
was observed in treatments with an increase in the level of OFSP 
flour due to higher BD of sweet potato flour as compared to control 
(AF and CSP). But, the opposite results are reported by Adeleke and 
Odedeji (2010) that decrease in BD of composite flour containing 
wheat flour and sweet potato flout. This contradictory result might 
be due to the use of GF ingredients for the present study. Generally, 
BD of flour depends on the particle size and density, which consid-
ered an important factor during the designing of packaging (Karuna 
et al., 1996).

The foaming capacity (FC) of OFSP flour-incorporated GF flour 
blends, and control was found in the range of 12.47 to 22.31%. The 
value of percent FC was observed significantly decreased with an 
increase in the level of OFSP flour. A control sample was recorded 
with the highest FC as compared to flour blends with OFSP flour. It 
might be due to the higher protein content of amaranth flour present 
in higher quantity in control, which resulted in higher foaming capac-
ity. These results are in agreement with Adeleke and Odedeji (2010). 
Protein forms the air bubbles as foam in dispersion by lowering the 
surface tension of water and air interface (Kaushal et al., 2012). A 
similar trend of foaming capacity was observed in percent foam-
ing stability (FS). Flour blends with a higher level of OFSP flour ob-
served with a significant decrease in percent FS. Control recorded 
with higher (28.57%) FS than other GF flour blends. The reduction in 
percent FS might be due to low foaming properties of sweet potato 
flour due to the low solubility of their proteins and their resistance 
to surface denaturation (Kinsella, 1979).

Emulsion capacity (EC) of flour blends with OFSP was observed 
higher than control. The increase in the level of OFSP flour leads to 
an increase in EC. The higher EC of sweet potato flour is responsi-
ble for higher EC of flour blends as compared to control. The higher 
EC of sweet potato flour (25.40%), which was higher than wheat 
flour, is reported by Adeleke and Odedeji (2010), and these are in 
agreement with present findings. Emulsion properties play a signifi-
cant role in the food system where the proteins can bind fat batter; 
dough and salad dressing are reported by Sathe and Salunkhe (1981). 

TA B L E  2   Functional characteristics of OFSP flour-incorporated GF flour blends

Treatments
Water absorption 
capacity (5)

Oil absorption 
capacity (%)

Bulk density 
(g/ml)

Foaming 
capacity (%)

Foaming 
stability (%)

Emulsification 
capacity (%)

Swelling 
capacity (ml)

Control 200.17 ± 0.01a 150.13 ± 0.01a 0.64 ± 0.01f 22.31 ± 0.06a 28.57 ± 0.01a 43.53 ± 0.01h 34.23 ± 0.01b

T1 180.21 ± 0.01b 148.23 ± 0.01b 0.68 ± 0.01d 21.89 ± 0.01b 25.85 ± 0.01b 47.93 ± 0.06g 36.17 ± 0.01a

T2 175.16 ± 0.02c 142.15 ± 0.01c 0.69 ± 0.01c 17.53 ± 0.06c 23.35 ± 0.04c 50.13 ± 0.06f 32.18 ± 0.01c

T3 170.23 ± 0.01d 135.17 ± 0.01d 0.70 ± 0.01b 19.03 ± 0.06d 22.53 ± 0.06d 51.33 ± 0.01e 30.21 ± 0.01d

T4 167.31 ± 0.01e 128.23 ± 0.01e 0.71 ± 0.01a 18.42 ± 0.01e 20.29 ± 0.01e 52.91 ± 0.01d 28.22 ± 0.01f

T5 160.93 ± 0.01f 122.18 ± 0.29f 0.72 ± 0.01a 15.03 ± 0.06f 19.89 ± 0.06f 53.84 ± 0.01c 26.29 ± 0.01g

T6 156.13 ± 0.01h 115.57 ± 0.01g 0.72 ± 0.01a 13.74 ± 0.05g 19.00 ± 0.05g 54.63 ± 0.06b 25.10 ± 0.01h

T7 160.23 ± 0.01g 110.19 ± 0.02h 0.66 ± 0.01e 12.47 ± 0.05h 18.19 ± 0.01h 55.43 ± 0.01a 29.33 ± 0.01e

Note: Treatment details OFSP : AF : CSP; Control – 0:50:50, T1 ‒ 40:30:30, T2 – 50:25:25, T3 – 60:20:20, T4 – 70:15:15, T5 – 80:10:10, T6 – 90:05:05, 
T7 – 100:0:0. Values are expressed as mean ± SD of three independent determinations. Values in column followed by the same letter are not 
significantly different at p ≤ .05 as measured by Duncan’s test.
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Swelling capacity (SC) of flour blends with OFSP ranged from 25.10 
to 36.17 ml. SC was found significantly decreased with an increase in 
the level of OFSP in blends. The swelling capacity of flours depends 
on the size of particles, types of variety, and types of processing 
methods or unit operations.

3.2 | Rheological characteristics

3.2.1 | Farinograph characteristics

The effect of different levels of OFSP flour in GF flour blend on fa-
rinograph characteristics of dough was determined. Data pertaining 
to the farinograph characteristics are presented in Table 3.

It was revealed that the addition of OFSP flour to the GF flour 
blend had a marginal effect on the water absorption. Water absorp-
tion decreased with an increase in the addition of OFSP flour. The 
decreased in water absorption capacity of dough might be due to 
the reduction in the quantity of CSP and AF, which was replaced by 
OFSP flour. Therefore, it was found that the increase in the incorpo-
ration of OFSP linearly decreases the water absorption capacity of 
dough. These results were expected due to structural modification 
in dough and incorporation of OFSP, which allows less water absorp-
tion as compared to control (blend of CSP and AF). The combining 
effect of the high water absorption capacity of AF and CSP reduced 
the water absorption value with the incorporation of OFSP flour. It 
was pointed that there were many hydroxyl groups in fiber struc-
tures, which caused water absorption to increase with producing 
hydrogen bonds are reported by Adeyeye and Aye (1998).

The dough development time and dough stability were found to 
increase with the increased addition of OFSP flour in blends. The 
development time in GF dough-incorporated with OFSP flour was 
found with respect to 40% OFSP (2.2 min), 50% OFSP (3 min), 60% 
OFSP (14.3 min), 70% OFSP (17.7 min), 80% OFSP (20 min), 90% OFSP 
(20 min), and 100% OFSP (14.4 min) in comparison with the control 
dough (2.2 min). The effect of gluten on dough properties, such as 
consistency and strength, were determined using farinograph is also 

assessed by Taghinia et al.  (2016). The dough is developed due to 
complex interactions among flour constituents during the mixing op-
eration. The process of dough development begins with the addition 
of water and commencement of mixing operation, and further sticky 
characteristics of dough disappear, and a nonsticky mass is devel-
oped at peak consistency of the dough is revealed by Khatkar (2004).

The sharp increase in dough stability with the increasing level of 
OFSP flour in the GF flour blends was attributed to the strengthen-
ing of the dough structure. It was found higher (20.5 min) for dough 
with OFSP flour as compared to control. The contradictory findings 
are reported by Amal (2015), change in dough stability time in wheat-
sweet potato flour blends. The present findings might be due to the 
addition of OFSP flour in dough containing cassava starch powder 
which has high elasticity as compared to OFSP flour. GF dough with 
OFSP flour showed maximum stability as compared to control. The 
higher stable dough could be utilized for the preparation of GF cook-
ies, which would be having characteristics similar to wheat cookies. 
The stability value of dough is an indication of the flour strength is 
noted by Bloksma and Bushuk (1988).

The maximum tolerance index (MTI) to knead GF dough found 
decreased. The tolerance index of control found highest (250BU) 
and decreased linearly (22BU) with an increase in the level of OFSP 
flour. Similar results were published in wheat breads fortified with 
sweet potato flour (Amal, 2015). The higher content of fiber in OFSP 
flour has been responsible for the change in the rheological proper-
ties of GF dough in the present study.

Farinograph quality number of GF dough increased with an in-
crease in the level of OFSP flour in the blend. It was increased from 
23FU (control) to 210FU (T6). It indicates poor flour quality of control 
as compared to GF flour with OFSP. The incorporation of OFSP flour 
to GF flour blends had increased the farinograph quality number. Thus, 
there was an improvement in the flour quality. This positive effect of 
OFSP flour helps to justifies its incorporation in GF flour blends. Similar 
findings are reported by Amal (2015). Consistency of GF flour blends 
was found in the range of 160 BU to 931 BU. Control treatments re-
corded with higher consistency due to the presence of CSP. The value 
of consistency decreased with an increase in the incorporation of 

TA B L E  3   Effect of incorporation of OFSP flour on Farinograph characteristics of GF dough

Treatments
Water 
absorption** (%)

Dough 
development 
time (min)

Dough 
stability (min)

Tolerance 
Index (BU)

Time to 
breakdown (min)

Farinograph 
quality number

Consistency 
(BU)

Control 70.8 ± 0.01a 2.2 ± 0.01e 2 ± 0.02f 250 ± 0.01a 2.3 ± 0.01f 23 ± 0.02h 931 ± 0.01a

T1 61.1 ± 0.01b 2.2 ± 0.01e 1 ± 0.01g 151 ± 0.03b 2.5 ± 0.01f 25 ± 0.01g 342 ± 0.01c

T2 59.7 ± 0.02c 3.0 ± 0.02d 3.5 ± 0.03e 124 ± 0.01c 3.1 ± 0.03e 31 ± 0.01f 289 ± 0.02d

T3 58.8 ± 0.02d 14.3 ± 0.01c 13.6 ± 0.01d 96 ± 0.01d 14.2 ± 0.01d 142 ± 0.01e 369 ± 0.02b

T4 57.1 ± 0.01e 17.7 ± 0.03b 17.8 ± 0.01c 73 ± 0.02e 17.9 ± 0.01c 179 ± 0.02c 253 ± 0.01e

T5 55 ± 0.01g 20 ± 0.01a 19.7 ± 0.01b 51 ± 0.02f 20 ± 0.02b 200 ± 0.02b 248 ± 0.01f

T6 52 ± 0.03h 20 ± 0.01a 20.5 ± 0.01a 34 ± 0.01g 21 ± 0.01a 210 ± 0.01a 235 ± 0.03g

T7 56.5 ± 0.01f 14.4 ± 0.02c 17.1 ± 0.03c 22 ± 0.01h 14.7 ± 0.02d 147 ± 0.03d 160 ± 0.01h

Note: Treatment; OFSP : AF : CSP; Control – 0:50:50, T1 – 40:30:30, T2 – 50:25:25, T3 – 60:20:20, T4 – 70:15:15, T5 – 80:10:10, T6 – 90:05:05, T7 – 
100:0:0. Each value is the average of three determinations. **Corrected for 500 BU.
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OFSP in GF flour blends, and it might be due to the fiber content of 
OFSP flour. The consistency of dough reduced from 931 BU to 160 BU.

3.2.2 | Amylograph characteristics

Brabender amylograph was used to determine the beginning of ge-
latinization, gelatinization temperature, and gelatinization maximum. 
The observations for amylograph characteristics of GF dough were 
showed significant differences among all treatments. The effect of 
different levels of OFSP on amylograph characteristics of dough is 
presented in Table 4. In control treatment (AF and CSP) showed, the 
maximum gelatinization value was very high (843 AU), and the addi-
tion of OFSP reduced it from 843 to 93 AU.

The amylographic characteristics such as beginning of gelatini-
zation, gelatinization temperature, and gelatinization maximum were 
observed decreased with increase in the level of OFSP flour. However, 
the temperature for the start of gelatinization was found higher (64.4 
to 69.5°C) for OFSP-incorporated flour as compared to control (63°C). 
The highest value of gelatinization temperature was found 89°C for 
dough with 10% OFSP (T1) and lowest (68.7°C) for dough with 90% 
OFSP (T6). The higher gelatinization temperatures were observed in 
the dough with 40% OFSP (T1) and 50% OFSP (T2) as compared to 
control. It might be due to an increase in OFSP, increased the fiber 
content, which affects the gelatinization of starch. Wu et al.  (2009) 
studied the effect of the addition of sweet potato paste on amylo-
graphic characteristics of dough. It also reported, starch gelatinization 
caused the breakdown of the intermolecular bonds of starch mole-
cules in presence of water and heat, resulting in exposure of hydrogen 
bonds (the hydroxyl hydrogen and oxygen) resulting more absorption 
of water. The gelatinization temperatures of starch depend upon the 
amount of water present during gelatinization.

3.3 | Physical properties

The effect of incorporation of OFSP flour in GF cookies was sub-
jected to measurement of physical properties viz. thickness (mm), 

diameter (mm), spread ratio, spread factor (%), and hardness (N) 
(Table 5).

The data on the thickness of all the cookies were found in the 
range of 6.43 to 9.63 mm. It was observed that the increase in the 
level of addition of OFSP flour resulted to a significant increase in 
the thickness of GF cookies from 6.43 to 9.63 mm. However, an in-
verse trend was observed in the diameter of GF cookies. Control 
treatment reported with a higher (46.83  mm) diameter and lower 
(44.03  mm) in 100% OFSP flour (T7) cookies. GF cookies showed 
a significant (p ≤  .05) decrease in diameter with an increase in the 
level of OFSP flour. A similar trend is also reported by Jemziya and 
Mahendran (2017); Giri and Sakhale (2019); Giri et al. (2016) in sweet 
potato flour-based GF cookies with rice, cassava, and sorghum flour. 
The spread ratio was calculated by dividing diameter to thickness. It 
revealed from the results that the spread ratio of cookies decreased 
significantly (p ≤ .05) with an increase in the level of OFSP flour in GF 
cookies. It might be due to a decrease in diameter and an increase in 
the thickness of GF cookies. Reduction in the spread ratio of cook-
ies due to the incorporation of sweet potato flour is investigated 
by Jemziya and Mahendran (2017); Giri and Sakhale (2019); Giri 
et al. (2016). The highest (7.28) spread ratio was found in control and 
the lowest (4.57) in 100% OFSP (T7) cookies. Similar to the spread 
ratio, the percent spread factor was also found to decrease signifi-
cantly to 62.53%. Similar trends are reported by Saeed et al. (2012).

The hardness of GF cookies with OFSP flour was observed in the 
range of 5.49 to 19.82 N. Textural properties of GF cookies was mea-
sured in terms of hardness and found significantly (p ≤ .05) increased 
with increase in the level of OFSP flour in GF cookies. Sweet potato 
flour fortified cookies were harder than unfortified one is reported 
by Herawati et al. (2015); Giri and Sakhale (2019); Giri et al. (2016).

3.4 | Nutritional characteristics

3.4.1 | Proximate composition

The proximate composition of OFSP flour-incorporated GF cookies 
were analyzed and found with respect to moisture (3.53 to 5.33%), 

Treatments
Beginning of 
gelatinization (°C)

Gelatinization 
temperature (°C)

Gelatinization 
maximum (AU)

Control 63 ± 0.05e 77.6 ± 0.03c 843 ± 0.05a

T1 69.5 ± 0.05a 89 ± 0.03a 170 ± 0.05b

T2 68.4 ± 0.03b 87.9 ± 0.02b 162 ± 0.03d

T3 66.5 ± 0.02c 76.9 ± 0.05d 126 ± 0.03g

T4 63.1 ± 0.05e 70 ± 0.03f 93 ± 0.03h

T5 61.3 ± 0.05f 69.1 ± 0.05g 144 ± 0.05e

T6 59.4 ± 0.03g 68.7 ± 0.05h 140 ± 0.05f

T7 64.4 ± 0.03d 72.6 ± 0.05e 167 ± 0.05c

Note: Treatment details are OFSP : AF : CSP; Control – 0:50:50, T1 – 40:30:30, T2 – 50:25:25, T3– 
60:20:20, T4– 70:15:15, T5 – 80:10:10, T6 – 90:05:05, T7 – 100:0:0. Each value is the average of 
three determinations.

TA B L E  4   Effect of incorporation of 
OFSP flour on amylograph characteristics 
of GF dough
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fat (16.85 to 21.73%), protein (6.34 to 8.92%), ash (1.56 to 3.16%), 
crude fiber (2.30 to 3.60%), carbohydrate (61.95 to 64.71%), and en-
ergy value (435.88 to 479.08 kcal/100 g) and presented in Table 6. 
The moisture, ash, crude fiber, and carbohydrate content of GF 
cookies were found significantly increased whereas, fat, protein, 
and calorie content found decreased with an increase in the level of 
incorporation of OFSP flour in GF cookies. Srivastava et al.  (2012) 
observed that moisture content of biscuits increased with increased 
concentration of sweet potato flour, whereas Dako et al. (2016) re-
ported the negligible or no fat in sweet potato flour. Control treat-
ment recorded with higher (8.92%) protein content, and it might be 
due to the presence of amaranth flour, which had higher protein as 
compared to sweet potato flour. Reduction in protein and increase 
in ash and fiber content of sweet potato flour-based GF cookies are 
also reported by Giri et al. (2016); Giri and Sakhale (2019). The higher 
fiber content in sweet potato flour-incorporated GF bread, consid-
ered as functional cookies suitable for constipation and cardiovascu-
lar diseases (Dako et al., 2016).

The increased level of sweet potato flour, a significant increase 
in carbohydrate content were observed, and it might be due to 
the presence of higher carbohydrate in sweet potato flour. A sig-
nificant reduction in the calorie content of cookies was recorded 
with an increased level of OFSP flour. It could have been due to 
the higher fiber and lower fat content of OFSP, which indirectly 
lowered the calorie content. Similar research findings are noted 
by Giri et al. (2016).

3.4.2 | Minerals content

The minerals content of GF cookies were analyzed and the re-
sults with respects to potassium (K, 135.53 to 597.43  mg/100  g), 
phosphorus (P, 1.23 to 2.12  mg/100  g), magnesium (Mg, 1.23 to 
2.12 mg/100 g), copper (Cu, 0.57 to 0.86 mg/100 g), zinc (Zn, 0.33 to 
4.26 mg/10 g), and iron (Fe, 18.07 to 29.04 mg/100 g) are presented 
in Table 6.

It was analyzed that the mineral content of GF cookies except 
phosphorus was significantly increased with an increase in the level 
of incorporation of OFSP flour. The phosphorus content of OFSP 
cookies found lower as compared to control and it might be due to 
the lower content of phosphorus in sweet potato. The present find-
ings were also in agreement with results reported on the increase in 
K, Mg, Cu, Zn, and Fe on the incorporation of OFSP in GF cookies by 
Giri et al. (2016).

3.5 | Bioactive components and in vitro 
antioxidant activity

The bioactive components of OFSP flour-incorporated GF cookies 
were subjected to evaluation of total phenols, total flavonoids, and 
total carotenoids and in vitro antioxidant activity in terms of percent 
DPPH inhibition (Table 7).TA
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Data presented in Table  6 revealed that a significant variation 
(p ≤ .05) among the total phenols and flavonoids content of GF cook-
ies were observed. The increased levels of OFSP flour in GF cookies 
significantly increase the total phenols and flavonoids content from 
3.47 (control) to 13.07 mg GAE/100 g and 16.15 (control) to 79.94 mg 
QE/100 g, respectively. Sweet potato is a rich source of phenolics is 
reported by Islam et al. (2002).These results are in agreement with 
the findings reported by Hue et al. (2012).

Total carotenoids content was found a range of 2.81 to 
7.48 mg/100 g. A control sample was not detected with total carot-
enoids due to the absence of OFSP flour. The increase in total carot-
enoids was reported with an increase in the level of OFSP flour in 
GF cookies. Mitra (2012) reported that OFSP having the potential to 
combat vitamin A deficiency. Sweet potato is found abundant in bio-
active components that help to fight diseases and could be used as 
functional ingredients for the development of functional food prod-
ucts. Total carotenoids were found absent in control, and GF cookies 
with OFSP flour could be beneficial to combat vitamin A deficiency 
due to the presence of carotenoids.

The in vitro antioxidant activity (%) of GF cookies was found in-
creased from 36.53% (control) to 82.47% (100% OFSP) with an in-
crease in the level of incorporation of OFSP flour in GF cookies. It 
might be due to the higher radical scavenging activity of OFSP. Chan 
et al. (2012) reported the higher DPPH scavenging activity of OFSP.

3.6 | Sensory evaluation

The GF cookies-incorporated with OFSP flour were subjected to 
sensory assessment using a 9-point Hedonic scale and presented in 
Table  8. The score exhibited for color and appearance was found 
higher in GF cookies prepared from OFSP flour-incorporated up to 
70%. The score for color and appearance of GF cookies were signifi-
cantly reduced above the level of incorporation of 70% OFSP flour 
in GF cookies. The score for texture was observed higher for control 
as compared to OFSP flour added GF cookies. It might be due to the 

increase in the hardness of cookies with OFSP flour. The textural 
score for GF cookies with 40% (T1) and 50% OFSP flour (T2) were 
nonsignificantly different whereas, the score found reduced when 
the level of OFSP flour increased above 70%. GF cookies with 70% 
OFSP flour (T4) received a higher score for taste and decreased sig-
nificantly when the level of OFSP flour increased above 70%, which 
might be due to typical flavor component and caramelization of free 
sugar present in OFSP flour during baking. The GF cookie incor-
porated with 70% OFSP flour recorded with an overall acceptabil-
ity score of 9.00, which was significantly superior to others. Singh 
et al.  (2008) reported that OFSP at the rate of 40% was sensorial 
acceptable in the development of cookies.

3.7 | Shelf life and microbial quality

The microbial quality of GF cookie added with 70% OFSP flour and 
control sample was analyzed to determine the shelf life of the cook-
ies. The microbial qualities were assessed at the interval of every 
30  days during the storage period. The data about the microbial 
count in terms of total plate count (TPC) are presented in Table 9. 
The total plate count of freshly prepared cookies with 70% incorpo-
ration of OFSP flour and control were not found.

It was observed that the increase in the storage period of cook-
ies resulted in a gradual increase in the microbial growth in terms of 
total plate count. The TPC of cookies with 70% OFSP flour and control 
was observed on 30th day (1.3 × 103 and 1.1 × 103 cfu/g) followed 
by on 60th day (2.2 × 103 and 1.8 × 103 cfu/g) and the highest value 
(4.2 × 103 and3.5 × 103 cfu/g) was observed on 90th day of storage 
respectively. It was noted that the microbial growth of GF cookies with 
70% OFSP flour was found at par with the microbial growth of con-
trol. The total plate count of cookies with 70% OFSP flour was slightly 
higher as compared to control, and it might be due to higher moisture 
content of OFSP flour-incorporated cookies as compared to control. 
It meant that the incorporation of OFSP in GF cookies did not affect 
the microbial quality and found suitable for consumption until 90 days.

Treatments

In vitro 
antioxidant 
activity (%)

Total phenols 
(mg GAE/100 g)

Total flavonoids 
(mg QE/100 g)

Total 
carotenoids 
(mg/100 g)

Control 36.53 ± 0.06h 3.47 ± 0h 16.15 ± 0h Not detected

T1 40.97 ± 0.01g 5.20 ± 0g 31.60 ± 0g 2.81 ± 0.01g

T2 47.95 ± 0.01f 6.50 ± 0f 39.50 ± 0f 3.75 ± 0.01f

T3 53.93 ± 0.01e 7.80 ± 0e 47.40 ± 0e 4.49 ± 0.01e

T4 62.53 ± 0.06d 9.10 ± 0d 55.50 ± 0d 5.25 ± 0.06d

T5 70.26 ± 0.01c 10.23 ± 0c 63.25 ± 0c 6.0 ± 0.05c

T6 77.97 ± 0.01b 11.56 ± 0b 70.82 ± 0.01b 6.71 ± 0.02b

T7 82.47 ± 0.01a 13.07 ± 0a 79.94 ± 0.01a 7.48 ± 0.02a

Note: Treatment details OFSP flour: AF: CSP; Control – 0:50:50,T1 – 40:30:30, T2 – 50:25:25, T3 
– 60:20:20, T4 – 70:15:15, T5 – 80:10:10, T6 – 90:05:05, T7 – 100:0:0. Values are expressed as 
mean ± SD of three independent determinations. Values in column followed by the same letter are 
not significantly different at p ≤ .05 as measured by Duncan's test.

TA B L E  7   Effect of OFSP flour on 
bioactive components and in vitro 
antioxidant activity of GF cookies
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The increase in the number of TPC could be due to favorable 
conditions available for the growth of microorganisms during stor-
age. A similar trend of microbial growth is also reported by Nirmala 
(2016). The microbial loads of GF cookies were analyzed and were 
found that the total plate count less than 105 cfu/g. It was observed 
that the microbial count was found still within the acceptable limit, 
as reported in the FSSAI is 105 cfu/g. These results are in conformity 
with Wani et al. (2015).

4  | CONCLUSIONS

The orange-fleshed sweet potato flour could be successfully uti-
lized along with amaranth flour and cassava starch powder for 
the development of GF cookies suitable for celiac patients and 
also can be consumed during fasting days. The higher content 
of fiber, minerals, bioactive components, especially carotenoids 
content, could be added advantages for developed OFSP flour-
incorporated GF cookies. Based on organoleptic parameters, 
the combination of 70% orange-fleshed sweet potato flour, 15% 
amaranth flour, and 15% cassava starch powder was found most 
acceptable for making GF cookies without changing their overall 
quality parameters.
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