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Nutritional composition and popping characteristics of some selected
varieties of pearl millet (Pennisetum glaucum)

RITU KUMARI!, KARUNA SINGH?, S K JHA3, RASHMI SINGH#, S K SARKAR> and NEELAM BHATIA®

Amity Institute of Food Technology, Amity University, Noida, Uttar Pradesh 201 303

Received:13 April 2018; Accepted: 21 May 2018

ABSTRACT

A comparative study carried out on nutritional and popping qualities of 11 cultivars of pearl millet (Pennisetum
glaucum (L.) R. Br.) varieties have showed significant difference in popping yield, with highest mean popping yield
of 73.6 %. Final popped product obtained is crunchy and ready-to-eat with proximate composition comprising
11.1% protein, 6.49% fat, 3.49% crude fibers, 3.19% ash, 74.05% carbohydrate and 1.90% moisture. This paper also
highlights the significant reduction in phytic acid which comes down from 404.69 mg/100g in raw grains to 261.45
mg/100 g in popped grain. Based on popping characteristics and nutritional value five varieties, viz. CZP 9802, PC
443, PC 1201, PC 701 and PC 383 were found to have better popping and nutritional traits and can be exploited for
novel product development that will help in diversifying this nutri-grain use and will be beneficial for human health

and increase profits to farmers.
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Pearl millet [Pennisetum glaucum (L.) R. Br.] grains
are nutritionally comparable and even superior to other
major cereals with respect to energy, protein, vitamins and
minerals. Besides, they are a rich source of dietary fiber,
phyotochemical and micronutrients hence; they are termed
as “Nutri-cereals”. Pearl millet is a rich source of energy
(361 kcal/100 g) which is comparable with commonly
consumed cereals such as sorghum (349 kcal/100 g), wheat
(346 kcal/100 g), rice (345 kcal/100 g) and maize (325
kcal/100 g). Protein and fat contents of pearl millet varieties
vary from 8.0 to 14.0% and 6.0 to 10.0%, respectively
and protein digestibility ranges from 53.0 to 68.0% (Anita
2014). The amino acid profile of pearl millet is better than
that of sorghum and maize and is comparable to that of
wheat, barley, and rice (Hadimani et al. 1995, Abdalla
et al. 1998). Niacin content is comparatively higher in
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pearl millet (Pradeep et al. 2013). Pearl millet is rich in B
vitamins, potassium, phosphorus, magnesium, iron, zinc
copper and manganese. It is gluten free grain and is the only
grain that retains its alkaline properties after being cooked
which is ideal for people with wheat allergy (Chauhan et
al. 2015).

Pearl millet is highly nutritious, healthful and resourceful
grain that would be a worthy addition to anyone's diet but
the bioavailability is low due to the presence of certain anti
nutritional factors like phytic acid, polyphenol etc. It has
been suggested that various processing methods could reduce
the anti-nutritional factors and improve the nutritional quality
of pearl millet. The phytate level in plant material is found
to decrease during certain processing operations such as
milling, germination, fermentation, dry heating and popping
(Nambiar et al. 2002, Kadlag et al. 1995, Chautervedi and
Sarojini 1996). Popping of cereals has been practised since
hundreds of years. It is a type of starch cookery, where grains
are exposed to high temperature for short time. Popping of
millet grains invariably improves taste and flavor. It is one
of the easy and economic processing methods to prepare
ready-to-eat products. Popping essentially creates a crisp,
aerated product with desirable sensory qualities. During
popping the lipase enzyme gets denatured and hence shelf-
life of popped products is better than other kinds of millet
products. This is highly advantageous with respect to pearl
millet, as processed pearl millet has very low shelf-life. The
popping not only improves the shelf-life but also improves
the nutritional quality with respect to bioavailability of
nutrients (Pradeep et al. 2013, Mishra et al. 2014). Global
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trend toward the development of healthy snacks using
traditional crops may represent a strategy or value addition
of agric-products (Vanisha et al. 2011).

Popping quality and the nutritive value varies with
different pearl millet varieties. Hence the present study is
undertaken to determine the popping quality of the pearl
millet cultivars and to learn the relationship between the
popping quality and nutritional characteristics of different
pearl millet varieties.

MATERIALS AND METHODS

The 11 pearl millet varieties comprising local varieties,
popular and new hybrid lines were obtained from farms
of IARI, New Delhi; CCS HAU, Regional Station Bawal;
CAZRI, Jodhpur and some varieties locally grown by
farmers. The grains were cleaned thoroughly. About 100 g
each of pearl millet varieties were equilibrated to a moisture
content of 18% by adding water and tempered for 6 h in a
closed container. The tempered grains were popped by high
temperature and short time (HTST) treatment in a domestic
grain popper at 230+5 degree C (Pradeep ef al. 2013). The
design consisted of 3 trials each.

1000-kernel weight: 1000-grain weight was determined
by using method given by Waseem (2012). Weight of 1000
sorted grains measured on electronic balance and was
expressed in g.

Popping yield: Popping yield was determined as per
the method given by Malleshi and Desikchar (1981).

Popping yield (%) = Welght of popped grain (g) 100
Weight of (popped x unpopped)
grains (g)

Puffing index: 1t is the ratio of the bulk density of the
raw material and the bulk density of the product. Higher
puffing index indicates higher volume of the product. The
puffing index indicates higher volume of the product. The
puffing index was calculated using the method of Hoke et
al. (2007).

. Bulk density of raw grain
Puffing index = - — x 100
Bulk density of popped grain

Expansion ratio: Expansion ratio is the ratio of size
of popped grain to the size of raw grain. The expansion
ratio was determined according to the method of Hoke et
al. (2007).

) . Breadth of popped grain
Expansion ratio = - x 100
Breadth of raw grain

The sensory quality of popped grains was evaluated by
score card method and 9-point Hedonic scale as described
by Obatolu ef al. (2006). The 11 varieties were subjected
to organoleptic evaluation by a semi-trained 12 member
panel.

The nutritional content (protein, fat, crude fiber, ash)
of the raw and popped grains were evaluated as suggested
by AOAC (2000). The carbohydrate content was calculated
by the difference method. The phytic acid was estimated by
the method suggested by Sadasivam and Manickam (1991).
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Table 1 Popping characteristics of pearl millet variety

Variety 1000 kernel Popping Puffing Size of popped
weight (g) yield (%) index grain (mm)
PC 1201 12.97 70.00 9.29 4.86
PC 383 10.04 68.00 7.15 6.47
HHB 203 10.37 58.00 8.02 6.03
Proagro 9.87 58.00 7.74 4.34
9444
Rasi 1827 8.75 44.00 5.27 5.41
Pioneer 10.90 43.00 591 5.62
86M74
HHB 67 10.65 71.00 9.19 6.00
PC 443 7.83 74.00 8.04 6.11
CZP 9802 6.84 85.00 7.91 5.30
PC 701 12.23 60.00 7.35 6.69
Pioneer 9.92 45.00 6.62 5.11
86M86
RESULTS AND DISCUSSION

The 11 varieties of pearl millets were popped and
variation in physical popping quality was measured in terms
of thousand-kernel weight, popping yield and expansion
volume of grain during popping. The results are presented
in Table 1.

The pearl millet varieties showed wide variation in
thousand-kernel weight with range of 6.75 g to 12.97 g
(Table 1). The weight was higher of pearl millet variety PC
1201 as compared to Rasi 1827. This indicated that grains
of pearl millet variety PC 1201 was larger and sound than
other varieties. Wide variations in thousand kernel weight
had also been reported by Haldmani et al. (1995), Badu et
al. (2002) and Varsha (2003).

After popping some grains popped, whereas few
remained unpopped as shown in Fig 1, the important
popping characteristics like popping yield, puffing index
and expansion ratio were determined.

Popping yield
The popping percent ranged from 43.0% (Pioneer
86M74) to 85.0% (CZP 9802). The maximum popping

Fig 1 Popped and unpopped cultivar of pearl millet
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yield was found in CZP 9802 of 85% followed by PC 443
(74%), HHB 67 (71%), PC 1201 (70%) and PC 383 (68%).
Hence the composites CZP 9802, PC 443 and hybrid HHB
67 were identified as best genotypes for popping. Chauhan
et al. (2015) also found PC 443 as a genotype for ready to
eat popped up snacks. They also reported that if optimum
processing conditions are provided popping yield can be
increased from 30 to 64%.

Puffing Index
Higher the puffing index, higher is the volume of the
popped grains. Puffing index ranged from 5.27 to 9.29.

Expansion ratio

It indicates the increase in size of the raw grain after
popping. Higher size of the product is more desirable. The
size of popped grain of different pearl millet varieties varied
from 2.00 to 5.09 mm (width as major dimension). It was
found that there was 58.67% increase in the width of grain
after popping and it was higher in composite variety Pusa
1201 and lower in hybrid Proagro 9444. The expansion
ratio of different cultivars varied from 9.30 to 7.46, similar
findings had also been reported by Chauhan et al. (2015).

From the popping charterstics of different pearl millet
varieties it was found that five varieties namely, CZP 9802,
PC 443, HHB 67, PC 701 and PC 383 of pearl millet have
maximum popping yield/percentage (i.e. 85% for CZP 9802),
good puffing index and popping size, hence considered best
in terms of popping characteristics.

Sensory quality

The varieties HHB 67, CZP 9802, PC 1201, PC 443 and
PC 701 liked the most among the eleven varieties (Table
2). The HHB 203 and Proagro 9444 varieties were also
liked moderately for colour, flavor, appearance, softness,
texture and taste.

[Undian Journal of Agricultural Sciences 88 (8)

Nutrition evaluation of raw and popped grain

The proximate composition of raw and popped grain of
selected pearl millet varieties were determined and shown
in Table 3.There were increase in the fat, crude fiber, ash
and carbohydrate contents of the popped grain of all the
varieties as compared to unpopped grains, it was due to
increased concentration of these nutrients as the moisture
was lost during popping.

The fat content varied from 7.98 to 5.52% and 5.74 to
4.02% in the popped and unpopped grains of pearl millet
respectively. The popped grain showed higher fat content.
The carbohydrate content varied from 77.18 to 70.73% and
70.77 to 67.90% in the popped and unpopped grains, here
the popped grains also showed higher carbohydrate content.
Similarly the crude fiber and ash content varied from 4.13
to 2.87%; 2.19 to1.25%; 4.25 to 2.03 and 1.92 to 0.86% in
popped and unpopped grains respectively and were higher
in popped grains; it was due to increased concentration of
these nutrients as the moisture was lost during popping. The
hybrid HHB 67 registered maximum ash per cent (4.25%)
in the popped grains.

Regarding the quality traits (Table 3), the crude protein
content of normal grains varied from 13.22% to 11.14%
whereas, popped grains registered 12.53 to 10.02% and the
interaction was also found to be significant. The highest
crude protein content in the popped product was observed
in PC 383 (12.53%). Among all the varieties, crude protein
content of the popped grains was slightly lower than raw
grains. Similar findings were reported by Nithya et al.
(2007) who reported loss of crude protein in the heat treated
grains which could be due to denaturation and degradation
of protein.

Anti nutrient
Among the anti nutrients the phytic acid content of
popped varieties was ranged from 435.50 to 207.7 mg/100

Table 2 Sensory evaluation of 11 pearl millet varieties

Variety Color Flavor Softness Texture Taste Appearance  Overall acceptability
PC 1201 7.1 8.0 8.1 8.0 8.0 8.1 8.1
PC 383 7.1 8.0 8.0 8.0 8.0 8.0 8.1
HHB 203 6.6 7.4 7.4 7.5 7.6 7.6 7.5
Proagro 9444 6.10 7.1 6.6 6.6 6.8 7.0 7.1
Rasi 1827 6.06 6.8 6.5 6.4 6.5 6.6 6.8
Pioneer 86M74 7.1 7.8 7.8 7.6 7.8 7.8 7.8
HHB 67 6.9 7.6 7.5 7.4 7.2 7.0 7.1
PC 443 6.6 7.5 7.6 7.6 7.6 7.6 7.6
CZP 9802 7.1 7.6 7.8 7.4 7.6 7.6 7.6
PC 701 6.9 7.6 7.6 8.0 7.8 8.0 8.1
Pioneer 86M86 6.6 6.8 7.0 7.2 6.8 7.0 7.4
SEM 0.013 0.020 0.020 0.043 0.029 0.029 0.004
CD (P=0.05) 0.199 0.241 0.241 0.353 0.288 0.290 0.117

The values are in 3 replications.
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Table 3 Proximate compositions of raw and popped varieties of pearl millet

CD
(P=0.0 5)

Pioneer Mean
86M86
10.50+£0.25 9.86+0.06

PC 701

Pioneer HHB 67 PC 443 CZP 9802
86M74

9.34+0.06

1.81£0.05

11.45+0.05
10.05+0.04

HHB 203 Proagro Rasi 1827
9444
11.12+0.06
1.88+0.06
11.74+0.06

PC 383

PC 1201

Variety

0.228

10.21

10.40+0.92
1.89+0.03

10.21+0.14  8.74+0.23

10.35+0.10 10.75+0.08
1.83+0.03

10.5+0.08

1.97+0.03
13.14+0.39
12.53+0.27

10.06+0.17

Moisture (%)

87

1.

12.01

1.87+ 0.04

11.14+0.09 11.67+ 0.06

1.85+0.08

1.84+0.04

13.22+0.22 12.14+0.45

1.87+0.06
12.04+0.11

1.98+0.05
12.24+0.07
11.03+0.08
4.49+0.09

5.85+0.06

1.96+0.01

Protein (%) (Raw 11.62+0.10

(Raw popped)

0.152

12.60+0.20
11.91£0.15

11.194+0.04
10.02+0.05
4.02+0.06
6.43+0.16

11.14

4.96

10.18+0.15

11.11+0.29
5.26x0.17
7.98+0.17

11.61+0.26

10.75+0.06
5.01+0.01
5.62+0.11

11.334+0.05
4.73£0.11
5.52+0.16

popped)

0.268

5.22+0.10
5.99+0.08

4.8+0.27
5.96+0.05
2.19+0.17
4.13£0.09

5.74+0.06  5.19+0.13
7.98+0.15

7.79+£0.15

4.98+0.06
6.22+0.14

5.10+0.44
6.12+0.33

Fat (%) (Raw
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6.49

popped)

0.111

1.84
3.49
69.55

1.68+0.03
70.73+0.11 72.324+0.67 73.60+0.18 72.41+0.48 76.10+0.17 74.05

2.87+0.06

1.84+0.05
Carbohydrate (%) 70.82+0.74 67.90+0.38 69.76+0.19 70.77+0.15 70.52+0.04 70.77+0.10 67.66+0.18 68.64+0.25 68.25+0.97 69.80+0.32 70.16+0.11

3.75+0.05

1.95+0.16
3.19+0.20

1.99+0.16  1.89+0.08  1.81+0.06  1.90+0.03  1.87+£0.06  1.25+0.18
3.17£0.08  3.67+0.07  3.79+0.06  3.67+0.04 3.33+0.10

3.83+0.08

1.91+£0.04
3.00+0.15

Crude fiber (%)

(Raw popped)

0.504

77.18+0.24 71.63+£0.75 76.36+0.09 75.01+0.12 74.26+0.13 75.01+0.21

0.86+0.08
2.01+0.08

(Raw popped)

0.171

1.49
3.19

1.4140.07
2.99+0.08

1.27+0.08  1.59+0.03  1.62+0.03  1.59+0.07 1.92+0.06 1.69+0.09  1.23+0.04 1.67+0.07
3.24+0.04  3.67+0.05 3.24+0.06 4.25+0.13 3.95+0.47 3.22+0.04  3.87+0.05

2.40+0.06

1.50+0.06
2.24+0.23

Ash (%) (Raw

popped)

Table 4 Level of phytic acid in raw and popped varieties of
pearl millet

Variety Phytic acid (mg/100 g)

Raw grain Popped grain
PC 443 516.37 373.82
PC 383 370.00 223.04
PC 701 356.02 209.12
PC 1201 382.11 309.13
CZP 9802 342.14 207.70
HHB 67 405.32 235.30
HHB 203 603.33 435.50
Pioneer 86M74 358.34 221.32
Proagro 9444 366.23 231.06
Rasi 1827 362.44 216.04
Pioneer 86M86 389.30 214.04
Mean 404.69 261.45
t value raw versus popped 17.34

The statistical difference at P<.0001.

g and for unpopped varieties of pearl millet ranged from
516.37 to 342.14 mg/100g. It was observed that there was
significant (P<.0001) reduction in phytic acid content of
popped pearl millet, which may be attributed to the heat
treatment. There was 54.78% difference of phytic acid
level observed in between raw and popped grains of pearl
millet cultivars. The present data was comparable to the
concentration that had been reported by Chauhan et al.
(2015).

Conclusion

The pearl millet can be suitability processed to increase
its popularity. Popping is simple economic technique to
develop RTE and shelf stable products. In the present study
the eleven varieties of pearl millet were evaluated for their
popping characteristics and nutrient content. Five varieties
namely, CZP 9802, PC 443, HHB 67, PC 701 and PC 383
were found with the highest popping yield and popping index
indicates their potential for popping. Product’s proximate
composition estimated is: 11.1% protein, 6.71 % fat, 3.05 %
crude fibers, 1.90 % ash, 73.42% carbohydrate and 1.90%
moisture. The information generated from the present study
will be very useful in increasing the knowledge bank of the
edible varieties, selecting the appropriate ones and exploring
nutri- crops for developing more cost effective and healthier
RTE products. Thus, pearl millet has considerable scope to
be utilized as ready to eat popped up snacks. Also, it has
good nutritional quality which will help in developing low
cost dietary formulations. Owing to its potential role as
high energy food for poor, diabetic people as well as people
allergic to gluten, its potentiality for health and nutritional
security needs to be explored.
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