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Abstract: Background: Gluten-free bakery foodstuffs are a challenge for technologists and nutritionists since alternative
ingredients used in their formulations have poor functional and nutritional properties. Objective: To prepare gluten-free Laddoo
using raw and popped amaranth, a grain with high quality nutrients and promising good sensory qualities and formulate the
best combinations. Method: Amaranth grains were washed, spread over filter paper sheet and dried completely. After drying,
the grains were ground in an electric grinder to fine powder and supplemented at 50 and 100 per cent level in the preparation of
Laddoos. The Laddoos prepared by using Bengal gram flour served as control. Result: The best formulation for Laddoo
included 100% popped amaranth grains and 30—40% raw amaranth flour which produced good sensory quality and higher in
nutrients like protein and minerals than with control /addoo. The best Laddoo recipe had 20% of raw amaranth flour and 100%
of whole-grain popped amaranth. The results of the study indicated that with the increase in incorporation level of amaranth
flour in Laddoo the amount of total dietary fibre, insoluble and soluble dietary fibre increased significantly. Conclusion: This
study concluded that content of macro-nutrients of the amaranth based products has advantages over the conventional gluten-
free ones, offering real gluten-free foodstuffs.
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the previous malabsorption in active CD, as well as the actual
low content of micronutrients into the alternative flours used
in gluten-free formulations [1]. Therefore, it is very
important to develop gluten-free food stuffs with high
nutritional quality ingredients. The best good news is that
amaranth is not taxonomically related to wheat, it is a
naturally gluten-free source for formulations directed to CD
patients [14].

Amaranthus belonging to the family Amaranthaceae,
comprises a series of wild, weedy and cultivated species and
found worldwide in almost all agricultural environments.
Amaranthus species have different centers of domestication
and origin, being widely distributed in North America,
Central America, and the South American Andes, where the
greatest genetic diversity is found [25]. Among all the species,
Amaranthus caudatus, Amaranthus hypochondriacus and
Amaranthus cruentus are mainly cultivated for their seeds [7]
and are considered as pseudocereals, with a high seed protein

1. Introduction

Celiac disease (CD) is an inflammatory disease of the
small intestine triggered by gluten proteins from wheat,
barley and rye. Its prevalence is 1:100-1:200 in any
population over the world [21] and CD patients must adhere
to a lifelong gluten-free diet. Therefore, gluten-free products
commercialization has grown at an annual rate of 28% in the
last years [12]. Gluten-free breads and cookies are principally
based on flour from rice or maize with low content and poor-
quality proteins plus additives to improve their viscoelastic
properties for baking.

Frequently CD patients, especially children in a strict
gluten-free diet, are undernourished because of the reduced
intake of energy which is largely taken from wheat-based
foodstuffs in a current western diet [28]. Additionally, they
suffer from calcium and other minerals deficiency because of
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content and a high lysine content [4, 13]. These Amaranthus
species are cultivated in different regions of South and
Central America, India, and Nepal [27, 22]. In India,
Amaranthus is chiefly grown in Himalayas from Kashmir to
Bhutan and some extent in the states of Gujarat, Maharashtra,
Karnataka and eastern parts of Uttar Pradesh and used as an
important ingredient in food [8, 9].

The amaranth grains can be toasted, popped, extruded or
milled into flour and can therefore be consumed as such or
included in other cereal products such as bread, cakes,
muffins, pancakes, cookies, dumplings, noodles and
crackers.[24]. The optimal nutritive composition of this seed
has made its use attractive as a blending food source to
improve the nutritional value of some cereal by-products. In
Mexico, the popped amaranth confection, ‘alegria’ is a
popular favorite among locals and tourists [15]. The flour or
flaked forms are combined with wheat or other flours to
make bread, cookies and other baked goods. Amaranth is
used to make up only 10-20% of the flour blend, but it can be
blended at 50-75% levels and still maintain functional
properties and flavour [28]. Coarsely ground amaranth is
used to make a tasty and nutritious porridge cooked by itself
or mixed with other grains and pseudo cereals such as oats,
wheat, milled flax seed. Thus, in this study, preparation of
Gluten-Free Laddoo by using raw and popped Amaranth
grains and their Sensory and Nutritional Qualities evaluation.

2. Materials and Method
2.1. Method for Preparation of Laddoo

Amaranth grains were procured in a single lot from the
Medicinal Aromatic and Underutilized Plants Section,
Department of Genetics and Plant Breeding, College of
Agriculture, Chaudhary Charan Singh Haryana Agricultural
University, Hisar. Commercially available whole wheat flour
and other ingredients used in Laddoo making was purchased
from the local supermarket. All the chemicals used in this
study are of analytical grade.

For cleaning, amaranth grains were washed, Sun dried for
one day and manually cleaned to remove stones, grit, chaff

and other impurities (Figure 1). After drying the grains were
oven dried at 60°C for 3 hours. The oven dried grains were
then milled in milling machine (Atta master). Number 2 sieve
(give slightly coarser flour) was used to obtain flour for
Laddoo development. The flour made was then sieved out
manually and some amount of fiber was lost in the sieved-out
material, there after the prepared sample was packed in air
tight containers and stored at room temperature until used in
Laddoo preparation.

Cleaning of grains manually
Washing of grains in muslin cloth
Sun drying of grains
Manually clean to remove stones,grit,chaff
Oven drying at 60°C for 3 hrs.(until become crispy)
Milling of grains in atta master (sieving with sieve no.2 for fine flour)
Collect the flour and pacl(ed in air tight container

Stored at room temperature until it is used

Figure 1. Flow diagram for preparation of amaranth flour.

Control

Type-II1I

Figure 2. Amaranth flour laddoo.

Table 1. The proportion of ingredients used for preparation of Laddoo.

S. No. Ingredients Control Type -1 Type --11 Type - 111
1. Wheat flour (g) 50 40 35 30
2. Bemgal gram flour (g) 50 40 35 30
3. Amaranth flour (g) 0 20 30 40
4. Ground sugar (g) 40 40 40 40
S. Ghee (g) 50 50 50 50

2.1.1. Amaranth Seed Flour Laddoo

Amaranth flour, wheat flour and Bengal gram flour were
sieved separately. The flours were roasted separately till light
brown. Roasted flours were mixed together and fried in ghee
for 2-3 minutes. Removed from fire and allowed to cool.
Ground sugar was added and mixed well. Laddoo were made
of even size (Figure 2).

2.1.2. Popped Amaranth Laddoo

Amaranth grains were popped. Water was brought to boil
in the vessel and jaggery was added and mixed by stirring.
Jaggery syrup of two thread consistency was made. When the
solution thickened after boiling, popped amaranth were
mixed in the jaggery syrup (Figure 3).
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Table 2. The proportion of ingredients used for preparation of Popped
Laddoo.

S. No. Ingredients Amount
1 Popped amaranth (g) 100
2 Jaggery (g) 150
3 Water (ml) 100

Control

Figure 3. Popped Amaranth Laddoo.

2.2. Sensory Evaluation of Developed Laddoo

All types of Laddoo with their controls were
organoleptically evaluated by a panel of ten semi-trained
judges from I. C College of Home Science, CCS Haryana

Agricultural University employing 9-Point Hedonic Scale [2].

Averages of scores for all sensory characteristics, viz., colour,
appearance, flavour, texture, taste were expressed in terms of
overall acceptability.

2.3. Nutritional Characteristics of Value Added Laddoo

All three types of Laddoos along with control chapatti,
were oven dried to a constant weight at 60°C, ground to a
fine powder in an electrical grinder and analyzed for various
nutrients. Proximate composition including moisture, protein,
fat, ash and crude fibre was determined by standard methods

Scores

Aroma

colour

Apperance

Texture

[3]. Total, soluble and insoluble dietary fibre constituents
were determined by the enzymatic method [11]. Total
minerals were determined [17].

2.4. Statistical Analysis

The data were statistically analysed in complete
randomized design for analysis of variance, mean, standards
deviation and critical difference according to the standard
method [23].

3. Results

3.1. Sensory Characteristics of Developed Amaranth Flour
Laddoo

In the figure 4 showed that sensory scores of Laddoo
prepared without the use of amaranth flour (control) were
7.50, 7.70, 7.70, 7.50, 7.60 and 7.60 for colour, appearance,
aroma, texture, taste, and overall acceptability, respectively,
which were in the category of ‘liked very much °. The scores
for sensory characteristics like colour, appearance, aroma,
texture, taste, and overall acceptability of Laddoo prepared
from 20% amaranth flour (Type-I) were 7.90, 7.70, 7.70, 7.70,
7.80 and 7.76, respectively. In Type Il Laddoo the scores for
colour and aroma, appearance and overall acceptability,
texture and taste were similar i.e 7.70, 7.60 and 7.50,
respectively. Type 1 and Type II Laddoo were ‘liked very
much’ by the panel of judges. The scores of sensory
characteristics of Type-IIl Laddoo prepared from 40%
amaranth flour showed that they fell in the category of ‘liked
moderately’.

u Control
HTypel
w Type ll

W Type lll

Ovarall
acceptability

Taste

Figure 4. Mean scores of sensory characteristics of Laddoo.

3.2. Sensory Characteristics of Developed Popped
Amaranth Laddoo

Figure 5 indicated that control Laddoo and popped Laddoo
were organoleptically acceptable in terms of all the sensory
characteristics and fell in the category of ‘liked very much’.
In control Laddoo the mean scores of sensory characteristics

for appearance and aroma were same i.e. 7.70 for taste and
overall acceptability were 7.60 and for colour and texture
were 7.50. The scores of sensory characteristics i.e. colour,
appearance, aroma, texture, taste and overall acceptability
were 7.70, 7.60, 7.50, 7.50, 7.50 and 7.86 respectively, in
popped Laddoo. 1t was observed that sensory scores of
control as well as popped Laddoo fell in the category of
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‘liked very much’.
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Figure 5. Mean scores of sensory characteristics of Popped Laddoo.

3.3. Nutritional Evaluation of Developed Value Added
Amaranth Flour Laddoo

3.3.1. Proximate Composition

The moisture content of Type I, Type II and Type III as
well as control Laddoo was almost similar i.e. 2.00, 1.92,
1.80 and 1.90, respectively. The protein content in control
Laddoo was 17.76 per cent which significantly decreased to
16.86%, 14.30% and 13.20% in Type I, Type II and Type
III Laddoo, respectively. This difference might be attributed

to less amount of protein in amaranth as compared to
bengal gram flour. The fat content of control Laddoo was
27.50% whereas the fat content of Laddoo incorporated
with 20%, 30% and 40% amaranth flour was 31.46, 32.80
and 35.46%. The crude fibre contents in control Laddoo
was 1.30% which significantly increased to 2.13, 2.86 and
3.96% in Type I, Type II and Type III Laddoo, respectively.
The control Laddoo contained 2.07% ash whereas Type-I
Laddoo contained 2.27%, Type-II Laddoo 2.48% and Type-
III Laddoo 2.78% (table 3).

Table 3. Proximate composition of Laddoo (% dry weight basis).

Types of Laddoo Moisture Crude protein Fat Crude fibre Ash
Control (WF:BGF::50:50) 1.90+0.31 17.76+0.36 27.50+0.17 1.30+0.11 2.07+0.07
Type I (WF:BGF: AF::40:40:20) 2.00+0.18 16.86+0.17 31.46+0.17 2.13+0.08 2.27+0.06
Type I (WF:BGF: AF::35:35:30) 1.92+0.13 14.30+0.05 32.80+0.11 2.86+0.08 2.48+0.05
Type III (WF:BGF: AF::30:30:40) 1.80+0.86 13.20+0.05 35.46+0.17 3.96+0.08 2.78+0.04
CD (P=0.05) 0.75 0.66 0.50 0.35 0.17

Values are mean+SE of three independent determinations
WF=Wheat Flour BGF=Bengal Gram Flour

3.3.2. Dietary Fibre

Total dietary fibre content of control Laddoo was 12.56%
and that of Type I, II and III Laddoo were 19.45, 24.41 and
26.86%, respectively. The total dietary fibre content of all
three types of Laddoos differed significantly from each other
as well as from control Laddoo. Similar trend was observed
in insoluble and soluble dietary fibre content of control and
amaranth flour incorporated Laddoo. With the increase of

incorporation level of amaranth flour in Laddoo, the amount
of total dietary fibre, insoluble and soluble dietary fibre
increased significantly. The insoluble and soluble dietary
fibre contents of control Laddoo were 8.79% and 3.76%,
respectively, which increased to 15.03% and 11.83%,
respectively, with the incorporation of 40% amaranth flour
(table 4).

Table 4. Dietary fibre content of Laddoo (% dry weight basis).

Product Dietary fibre

Types of Laddoo Total dietary fibre Insoluble dietary fibre Soluble dietary fibre
Control (WF:BGF::50:50) 12.56+0.16 8.79+0.02 3.76+0.14

Type I (WF:BGF: AF::40:40:20) 19.45+0.63 13.58+0.54 5.86+0.12

Type 11 (WF:BGF: AF::35:35:30) 24.41+0.15 14.61+0.01 9.80+0.17

Type 11T (WE:BGF: AF::30:30:40) 26.86+0.19 15.03+0.00 11.83+0.20

CD (P=0.05) 1.16 0.89 0.54

Values are mean+SE of three independent determinations
WF=Wheat Flour BGF=Bengal Gram Flour AF=Amaranth Flour
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3.3.3. Total and Available Minerals

The results on mineral content of Laddoos are presented in
Table 5. Total calcium content of control Laddoo was 157.79
mg/100g and that of Type-I, 1I, and Type-Ill Laddoo were
189.10, 203.47 and 217.48 mg/100g, respectively. The zinc
content of control Laddoo was 2.43mg/100g. A significant
increase in zinc content to 2.85, 3.04 and 3.18 mg/100g in
Type I, Type II and Type Il Laddoo was observed,
respectively, after incorporation of amaranth flour to wheat
flour and bengal gram flour Laddoo.

The iron content of control Laddoo was 7.75 mg/100g

which increased to 7.95mg/100g after 20% incorporation of
amaranth flour, to 8.20mg/100 after 30% incorporation and
9.64 mg/100g after 40% incorporation of amaranth flour. All
the three types of Laddoo differed significantly among
themselves as well as from control Laddoo for their iron
content. The potassium content of wheat flour and bengal gram
flour Laddoo (control) was 356.08 mg/100g which
subsequently increased to 410.16, 445.33 and 481.00 mg/100g
after incorporation of 20%, 30% and 40% amaranth flour,
respectively.

Table 5. Total mineral content of Laddoo (mg/100g, dry weight basis).

Products Total minerals

Laddoo Calcium Zinc Iron Potassium
Control (WF:BGF::50:50) 157.79+2.67 2.43%0.01 7.75+£0.04 356.08+7.33
Type I (WF:BGF: AF::40:40:20) 189.10+1.6 2.85+0.02 7.95+0.01 410.16+4.98
Type II (WF:BGF: AF::35:35:30) 203.47+1.97 3.04+0.02 8.20+0.01 445.33+5.12
Type I (WE:BGE: AF::30:30:40) 217.48+2.73 3.18+0.01 9.64+0.04 481.00+5.55
CD (P=0.05) 7.09 0.04 0.15 18.09

Values are mean+SE of three independent determinations
WF=Wheat Flour AF=Amaranth Flour BGF=Bengal Gram Flour.

Table 6. Available calcium and iron content of Laddoo (mg/100g, dry weight
basis).

Product Available mineral
Laddoo Ava%lable f\vailable
calcium iron
Control (WF:BGF::50:50) 37.64+0.49 1.22+0.11
Type I (WF:BGF: AF::40:40:20) 47.35+0.28 1.28+0.03
Type I (WF:BGF: AF::35:35:30) 49.50+0.57 1.29+0.04
Type 1II (WE:BGEF: AF::30:30:40) 53.39+0.41 1.41+0.02
CD (P=0.05) 1.46 0.16

Values are mean+SE of three independent determinations
WF=Wheat Flour AF=Amaranth Flour BGF=Bengal Gram Flour

Table 7. Nutritional composition of Popped Laddoo.

Parameter Mean+SE
Proximate composition (%)

Moisture 6.20+0.35
Crude Protein 18.42+0.20
Fat 2.70+0.05
Ash 2.08+0.03
Crude Fibre 5.50+0.15
Dietary fibre (%)

Total dietary fibre 17.85+0.05
Soluble dietary fibre 8.05+0.05
Insoluble dietary fibre 9.80+0.11
Total minerals (mg/100g)

Calcium 255.81+1.84
Zinc 5.88+0.01
Iron 14.34+0.08
Potassium 392.834+4.98
Available minerals (mg/100g)

Calcium 68.56+0.48
Iron 5.28+0.02

Values are mean * SE of three independent determinations.

3.3.4. Nutritional Evaluation of Developed Amaranth
Popped Laddoo

The available calcium content in control Laddoo was
37.64 mg/100g (Table 6). A significant increase in available
calcium content to 47.35, 49.50 and 53.39 mg/100g in Type I,
Type II and Type Il Laddoo was observed, respectively, after
incorporation of 20%, 30% and 40% amaranth flour to wheat
flour and bengal gram flour. The available iron content of
control Laddoo was 1.22mg/100g, which increased up to
1.41 mg/100g with incorporation of 40% amaranth flour
(Type III). Type I and Type Il Laddoo contained 1.28 and
1.29 mg/100g of available iron, respectively.

The results on proximate composition of popped laddo are
presented in Table 7. Moisture content of popped Laddoo
was 6.20 per cent. The results revealed that the crude protein,
fat, ash and crude fibre were 18.42, 2.70, 2.08 and 5.50%,
respectively. Total insoluble and soluble dietary fibre content
in popped Laddoo were 17.85, 8.05 and 9.80%, respectively.
Data on total calcium, zinc, iron and potassium content of
popped Laddoo are also depicted in Table 7. The values of
these minerals were 255.81, 5.88, 14.34 and 392.83 mg/100g
respectively. In popped Laddoo the available calcium and
iron were 68.56 and 5.28 mg/100g, respectively.

4. Discussion

In present study Laddoo were prepared by incorporating
either popped amaranth grain or amaranth flour at various
acceptable levels. On the basis of sensory characteristics, it
was observed that Laddoo prepared from 20% and 30%
amaranth flour were ‘liked very much’ by the judges
whereas Laddoo prepared from 40% amaranth flour were
‘liked moderately’. Laddoo prepared with incorporation
level of 20% amaranth seeds and 10% watermelon seeds
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scored highest (on nine point Hedonic Scale) with regard to
colour and appearance, body and texture, taste and flavour
and overall acceptability.

With the addition of amaranth flour at 20, 30 and 40%
level to control Laddoo the content of crude protein
decreased significantly (16.86, 14.30 and 13.20%),
respectively which may be ascribed to less amount of protein
present in amaranth flour as compared to bengal gram flour.
Jain and Grewal (2015) found that value added ready to eat
snacks prepared with incorporation of amaranth flour (raw
and roasted) contained significantly higher protein, fat, ash
and fibre content as compared to control. It was due to higher
nutritional composition of amaranth. Jagreuzi et al. (2010)
reported that amaranth snacks contained higher protein, fat
and fibre content than maize snacks. Sudha and Leelavati,
(2012) showed that protein content of pasta improved from
9.56 to 16.57% by using 10% amaranth seed flour. The
protein content of amaranth products was two to three times
higher than those of other products formulated with rice
and/or maize flours and other starch sources (Zohu et al.
2002). Blending of amaranth grain flours to cereal flours
improved the protein quality of the product (Hansen et al.
2005). The use of 40% whole amaranth flour in the
formulation of bread provided significant higher amounts of
dietary fiber, proteins [26] and lipids showing increases of
2.1,2.0 and 1.1 g/100 g d.m., respectively [20].

The results of the study indicated that with the increase in
incorporation level of amaranth flour in various products the
amount of total dietary fibre, insoluble and soluble dietary
fibre increased significantly. The insoluble and soluble
dietary fibre contents of control Laddoo were 8.79% and
3.76%, which increased to 15.03% and 11.83%, respectively,
with the incorporation of 40% amaranth flour. Substitution of
bread wheat flour for whole meal amaranth flour up to a level
of 30% significantly improved protein and dietary fibre
contents, reaching an increase of 23 and 50% with regard to
control sample, respectively [18]. Incorporation of 10%
amaranth resulted in an increase of 18 times the amount of
dietary fibre compared to the control [16]. Amaranth flour
cookies had higher amount of total dietary fibre, followed by
wheat flour cookies and raw amaranth flour cookies,
respectively [8]. This was due to the higher total dietary fibre
content in germinated amaranth flour.

Other minerals like iron, zinc and potassium also increased
significantly in all products after incorporation of amaranth
flour/grains. Significant improvement in available calcium
and available iron content were also observed with the
incorporation of amaranth flour/grains. The iron content of
amaranth and Montina breads was 45% and 26% higher,
respectively, than the iron content in the commercial product
[6]. Whole amaranth flour used in bread formulation
increased the mineral content, particularly that of iron
content in bread samples up to 1.6- (29.94 pg/g) and 2.3-
(43.88 pg/g) fold when using 20% and 40% whole amaranth
flour, respectively, compared to controls. These results
indicate that incorporation of amaranth flour during bread
making could be a useful strategy improving their nutritional

value [20]. By substituting the wheat or maize flour with
amaranth, the protein content and quality as well as the iron,
zinc and calcium content of the snacks were improved [19].
The incorporation of 10% amaranth in formulation of cheese
bread increased triple the amount of iron compared to the
control [16] It was established that zinc, calcium and iron
contents of bread increased as amount of amaranth
substitution increased [10]. The multigrain cookies fortified
with the amaranth grains indicated very good nutritional
properties and mineral content and hence can be considered
healthy for consumption [5].

5. Conclusion

The nutritional composition of Laddoos revealed that the
crude protein content was 17.76% in control Laddoo. With
the addition of amaranth flour at 20, 30 and 40% level to
control Laddoo the content of crude protein decreased
significantly (16.86, 14.30 and 13.20%), respectively. The
fat content of control Laddoo was 35.46%. After
incorporation of amaranth flour upto 40% to control
Laddoo, the fat content decreased from 32.80% (control) to
27.50%. The ash content of Laddoos increased from 2.07%
(control) to 2.78% (40% incorporation of amaranth). Total
dietary fibre insoluble dietary fibre and soluble dietary fibre
content increased significantly after incorporation of
amaranth flour to control Laddoo. Calcium, zinc, iron and
potassium contents increased significantly in all the
amaranth flour incorporated Laddoos as compared to their
respective controls. Type I Laddoo had 189.10mgCa/100g,
2.85mgZn/100g, 7.95mgFe/100g and 410.15 mgK/100g.
Type II Laddoo had calcium 203.47 mg/100g, zinc
3.04mg/100g, iron 8.20 mg/100 and potassium
445.33mg/100g. Type Ul Laddoo contained calcium
217.48mg/100g, zinc 3.18mg/100g, iron 9.64mg/100g and
potassium 410.15 mg/100g. Available calcium and iron
contents also increased in all the Laddoo (Type 1 47.35 and
1.28; Type II 49.50 and 1.29; Type III 53.39 and
1.41mg/100g, respectively) as compared to their respective
controls (37.64 and 1.22mg/100g). Results of nutrient
evaluation of popped Laddoo revealed 6.25% moisture,
18.42% crude protein, 2.70% fat, 2.08% ash and 5.50%
crude fibre. Popped Laddoo had 17.85% total dietary fibre,
255.81 mg/100g calcium, 5.88 mg/100g zinc, 14.34
mg/100g iron and 392.83 mg/100g potassium content. In
popped Laddoo available calcium and iron contents were
68.56 and 5.28 mg/100g. Sensory evaluation of products
showed that amaranth could be incorporated up to 40% in
Laddoo. From the present study it is concluded that that
amaranth can be utilized in preparation of various
traditional and snack products to enhance their nutritive
value. The study demonstrated that grain amaranth has
potential to contribute to the alleviation of dietary
nutritional deficiencies. The development and utilization of
the gluten free on one hand will promote value addition of
the products and on the other hand will provide low cost
nutritious alternatives specially in poor developing
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countries for combating malnutrition among children and
vulnerable sections of the society. The content of macro-
nutrients of the amaranth based products has advantages
over the conventional gluten-free ones, offering real gluten-
free foodstuffs.

6. Recommendation

In this study we were found value added Laddoo showed
increased in nutrient content so in future this types value
added Laddoo contributed nutrient rich snack items.
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