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Effect Of Hydrothermal And NonThermal Treatments On
Nutritional And Functional Properties Of Pearl Millet Grain And

Flour

ABSTRACT

Aim: To investigate theeffect of hydrothermal and non-thermal treatments on functional and
nutritional properties of pearl millet grain and flour. Storage of produced grains and flour is one
of the most crucial parts. Therefore, the development of innovative methods is required for the
storage of millets, particularly pearl millet. This study concentrated on appropriate shelf life
improving methods to raise the quality of its preservation. Consequently, to extend the pearl
millet's shelf life, hydrothermal treatments as parboiling. and non-thermal treatments like cold

plasma and gamma radiation were used.
Study Design:Experimental design

Methodology:Pearl millet (Pennisetum glaucum) PBH1625 variety (whole grain, dehulled grain
and dehulled flour) was subjected to hydrothermal (parboiling) and non-thermal treatments (cold
plasma and gamma radiation). Subsequently the samples were packed in low density
polyethylene. (LDPE) pouches and metalized polypropylene (MPP) stored for 90 days and
analyzed: for functional parameters viz. water absorption capacity, oil absorption capacity,
foaming capacity and. emulsifying capacity. Nutritional properties like moisture, fat, ash, protein
and crude fiber.

Results: It was found thatmoisture content increases in all the control and treated samples among
both type of packaging and the lowest was observed in whole grain exposed to gamma radiation
at 0.75 kGy (10.263-12.223 %) packed in MPP. The lowest Fat content ranges was observed in
gamma radiated (0.75 kGy) whole grain (5.153-5.304 %) packed in MPP. Highest ash content
was seen in the gamma radiated (1.0 kGy) whole grain (2.004-2.017 %)packed in LDPE.



Similarly, highest protein content was noticed in gamma radiated (0.75 kGy) whole grain range
(13.187-13.213 %) packed in MPP. Crude fiber content drastically reduced in treated samples
than control samples and highest was seen in the gamma radiated (0.75 kGy) whole grain (2.571-
2.645 %) packed in LDPE. During storage there was no significant increase in fat, ash, protein
and crude fiber contents. The highest WAC was noticed in parboiled dehulled grain (1.322-1.511
g/g) packed in LDPE. Highest FC was seen in parboiled whole grain (14.790-14.903 %) packed
in LDPE. The highest EC was observed in the cold plasma treated (25kv for .10 mins) whole
grain (45.720-45.916 %) packed in LDPE. The highest OAC was noticed in the cold plasma
treated (30kv for 10 mins) whole grain (1.377-1.446 g/g) packed in LDPE.

Key words: Parboiling method, Cold plasma treatment, Gamma radiation, Low density
polyethylene (LDPE), Metalized polypropylene (MPP).

1. INTRODUCTION

Millets have many health benefits and among all of them the major one is pearl millet. The
Poaceae family includes the versatile cereal crop known as pearl millet (Pennisetum glaucum) is a
traditional and nutrient-dense crop (Jukanti et al., 2016). It is resistant to insects, diseases high
temperatures and droughts and does:not readily suecumb to poor soils (Dayakar et al., 2004). After
rice, wheat, maize, and sorghum, pearl millet is the fifth most important cereal crop planted
worldwide. It is grown in dry and semi-arid locations (Ojediran et al., 2010). In terms of cultivated
area, it is the most important variety of millet and helps ensure food security in arid regions of Asia
and Africa(Dikkala et al., 2018).

India is the world's largest producer of pearl millet, with 9.8 million hectares of land, accounting
for more than 95% of the crop(Rani et al., 2018). Because of this, 46% of the grain produced from
pearl millet is consumed by humans and the remaining is utilized for feed and fodder (Basavaraj et
al., 2010). It has higher carbohydrate (67.5%), protein (14.0%), fat (5.7%), fiber (2.0%) and ash
(2.1%) content (Jukanti et al., 2016;Dayakar et al., 2004).

Despite nutritional superiority, the utilization of pearl millet flour is limited to few specific
pockets and regions all-round the world due to the poor keeping quality of the flour and development
of off odour during storage. The poor keeping quality of pearl millet flour is due to the oxidative /
hydrolytic rancidity (Rani et al., 2018). The pearl millet has high fat content when compared with



other millets. Whole grain when stored for 3 months and dehulled grain on storage for 2 months,
leads to the development of off-odours. Hence, proper shelf life enhancing treatments are necessary
for pearl millet to improve its keeping quality(Jukanti et al., 2016).

Parboiling (hydrothermal treatment) also is one of the technological treatments including hot
water soaking, steaming and drying before dehulling. This is the major important operation with the
potential to improve dehulling efficiency as well as the nutritional quality of the finished
product(Sene et al., 2018). Cold plasma technology represents diverse applications such as surface
decontamination, pest control, improvement of enzymatic action, antioxidant properties and
alteration of functional properties of grains(Tavakovli et al., 2022). Food .irradiation is a physical
means of food processing that involves exposing the pre-packaged or bulk foodstuffs to gamma rays,
X-rays or electron beams. Irradiation protects foods by reducing parasites, food-borne pathogens and
spoilage microorganisms, and eliminating pests and insects (Dikkala et al., 2018).

Bora (2013) reported that the impact of parboiling on millets nutritional value and decortication
of selected millets. The in vitro protein digestibility was decreased by 13-16% by parboiling. The
nutritional composition and in vitro protein digestibility of the couscous (pasta) and millet porridge
were mostly influenced by the type of millet and the product itself. Parboiling altered the products
nutritional composition and in vitro protein digestibility and increased the yield of decorticated
millets. However, the variety of millet and the parboiling conditions used may affect the product’s

nutritional composition.

Cold plasma_technigue has a wide range of uses including surface cleaning, insect control,
enhancing enzyme activity, modifying the functional characteristics of grains and antioxidant
qualities.-Cold plasma has several advantages over its comparable gas including greater electron
temperatures (macroscopic temperature), lower power requirements and the ability to manufacture
plasma at 30-60°C in atmospheric or reduced pressure (vacuum). Additionally, cold plasma lacks a
local thermodynamic equilibrium(Tavakovli et al., 2022).

Food irradiation is a physical food processing method that entails subjecting bulk or pre-
packaged goods to ionizing radiations such as gamma rays, X-rays or electron beams. This radiation
originates from the radioactive isotopes Cs-137 and Co-60. Food technologists and manufactures
that use ionizing radiation in culinary applications. Foods are protected from spoiling microbes,



parasites and food-borne pathogens by means of radiation, which also helps to extend the shelf life
and safety of various foods and get rid of pests and insects (Dikkala et al., 2018).

2. MATERIALS AND METHODS

2.1 Raw materials

The Pearl millet (PBH1625) was procured from Regional Agricultural Research Station
(RARS), Palem, Nagarkurnool district and packaging materials i.e., low density. polyethylene
(LDPE) and metalized polypropylene (MPP) from commercial outlets in Hyderabad, Telangana
State, India.

2.2 Preparationof sample for treatments

From a 50kg sample of pearl millet (PBH 1625) variety, a homogenised sub sample of 3 kgs (2
sets) was subjected to dehulling and pulverizing. After dehulling 3kgs of pearl millet grains, 1.5 kgs of
dehulled pearl millet grains was obtained which were used for pulverization. Whole grain, dehulled
grain and dehulled flour of pearl millet (PBH 1625) variety was used for parboiling, cold plasma and

[ Procurement of raw materials ]

Pearl millet (PBH1625)
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gamma radiation treatments as shown in Figure 1.
Figure 1 Preparation of sample

2.3 Parboiling process



There are three major steps in the parboiling process namely soaking, steaming and drying
which are described below (Sene et al., 2018).

1. Soaking: Soaking is a slow process which involves diffusion of water into the grain. (Clegg et al.
1991). 500 g of whole grains and dehulled pearl millet grains were initially soaked in 750 ml of
water using a kettle for 4 hours with increasing temperatures of 60-70°C. After soaking, the grains

were cooled to room temperature in covered kettle.
2. Steaming: Steaming was done using an autoclave at 100°C (14.698 Ibf/in2) for 15 mins.

3.Drying: Drying lowers the moisture content of the grains for safe storage and milling of the grains.
A safe storage level for cereals and millets would be 10-12% moisture (Young et al. 1991). There
are different methods of drying: air-drying, sun-drying and oven-drying. Dried for 3 days in air
drying.

2.4 Cold plasma treatment and storage of pearl millet

The cold plasma exposures (25 kv for 10 mins and 30 kv for 10 mins) were given to whole
grain, dehulled grain and dehulled flour of pearl millet, followed by packing in low density
polyethylene (LDPE) pouches and metalized polypropylene (MPP) for storage upto 90 days. The
nutritional analysis during storage were carried out at regular intervals i.e., 0, 30, 60 and 90 days
(Tavakovli et al., 2022).

2.5 Gamma radiation and storage of pearl millet

The gamma radiation exposures (0.75 kGy for 1 hour, 19 minutes and 12 seconds and 1.0
kGy for 1 hour, 46 minutes and 10 seconds) were given to whole grain, dehulled grain and dehulled
flour of pearl'millet followed by packing in low density polyethylene (LDPE) pouches and metalized
polypropylene (MPP) for storage upto 90 days. The nutritional analysis were carried out at regular
intervals i.e., 0 and 90 days (Dikkala et al., 2018).

2.6 Estimationof nutritional parameters

As per AOAC (2005)the moisture,Ash and Crude fiber contents of the samples was
estimated. Fat content of the samples was determined using AOAC(1997). Protein was estimated by
Lowry method (Waterborg, 2009).



2.7 Estimation of functional properties

Water absorption capacity and oil absorption capacity was determined using Dwivedi et
al.(2023). Foaming capacity was estimated using Booma and Prakash (1990).Emulsification

capacity was estimated by Soo et al. (2021).
3. RESULTS AND DISCUSSION

3.1 Nutritional composition of control and treated pearl millet grain and flour during storage

The proximate analysis such as moisture, ash, protein, fat, crude fiber of control whole grain, dehulled grain
and control dehulled flour and parboiled, cold plasma and gamma radiation treated pearl millet whole grain,

dehulled and dehulled flour were reported.

Control whole grain, dehulled grain and control dehulled flour and parboiled, cold plasma and gamma
radiation treated pearl millet whole grain, dehulled grain and dehulled flourwere packed in metalized polypropylene

(MPP) and low density polyethylene (LDPE) at ambient temperature and stored for 90 days.
311 Moisture content during storage

Themoisturecontentofcontroland treated whole grain, dehulled grain and dehulled flour
packed in metalized polypropylene (MPP) and low density polyethylene (LDPE) wereanalysed at the
intervals of 0, 30, 60 and 90.days and shown in figure 2 and Table 1.

The whole grain exposed to gamma radiation at 0.75 kGy packed in MPP had a lower
moisture content range (10.263-12.223 %) than gamma radiated (0.75 kGy) dehulled grain (10.093-
13.142 %) and dehulled flour (10.154-13.938 %) packed in MPP. Similarly gamma radiated (0.75
kGy) whole grainpacked in LDPE had a lower moisture content range (10.263-13.767 %) than
gamma radiated (0.75 kGy) dehulled grain (10.093-14.557 %) and dehulled flour (10.154-14.951 %)
packed in LDPE duringthe90days storageperiod.Gamma radiation was more effective than
parboiling and cold plasma in controlling moisture content during storage. So, gamma radiation
could be a non-thermal technology that aids at ensuring the shelf life of the pearl millet grains and

flour during storage.

There was an increase in moisture content in all the control and treated samples among both

type of packaging. But the increase was less observed in treated samples than control samples. But
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when compared among treated samples, the samples exposed to gamma radiation at 0.75 kGy
packed in MPP and LDPE showed less increase in moisture content than other treated samples. The
radiolysis of water caused by radiation may be the cause of the reduction in moisture content after
irradiation. So, when observed in packaging material on storage MPP outperformed than LDPE in
controlling moisture content ranges in samples. MPP packaging material will not come into contact
with oxygen (air) easily and hence could be primarily responsible for the lower increase in moisture
content during storage.

Malaet al. (2019) found that prior to radiation, the beginning moisture content was. 10.60 percent. During
the first month of storage, the moisture percentage of the irradiation foxtail millets ranged from 10.48 to 10.34
percent, while the control group had the maximum moisture content (10.50%). After six months of storage, the
control group's maximum moisture content was 9.83%, while treatment T8's. least ‘was 9.68%, which was
statistically comparable to treatment T7's 9.70% and treatment T6's9.71%.

Moisture content % during storage

PERCENTAGE (%)

MPP LDPE | LDPE : LDPE

30th day 60th day ‘ 90th day

Moisture content % during storage

TREATMENTS

25CDDG

m1.0GRDG m1.0GRDF m0.75GRWG m0.75GRDG m 0.75GRDF

Figure 2 Moisture content during storage



PDG 12.260°+0.10 | 12.260%0.10 | 16.236%0.01 18.888%+0.01 18.241°+0.08 | 20.126°+0.09 | 19.648%+0.07 | 21.601%+0.07
30CDWG 10.346"+0.10 | 10.3467+0.10 | 10.607°+0.06 10.982%+0.06 12.903"+0.07 | 14.920%+0.06 | 13.910"+0.04 | 15.946™+0.05
30CDDG 10.947°+0.05 | 10.947°+0.05 | 11.101°+0.07 11.610%+0.05 13.370+0.04 | 15.242+0.10 | 14.591°+0.10 | 16.484%+0.09
30CDDF 11.054%+0.04 | 11.054%+0.04 | 11.1537+0.08 12.133%0.07 13.975+0.02 | 15.912°+0.03 | 14.988+0.01 | 16.9917+0.004
25CDWG 10.2687+0.05 | 10.2687+0.05 | 10.641%+0.04 | 11.002%+0.03 12.015+0.04 | 13.975+0.01 | 13.012'+0.03 | 14.068+0.09
25CDDG 10.7717+0.07 | 10.7717+0.07 | 10.843"+0.08 11.104'+0.07 12.370%0.11 | 14.719"+0.12 | 13.990"+0.005 | 15.430'+0.10
25CDDF 10.891°9+0.08 | 10.891°%+0.08 | 10.981"+0.03 | 11.343"+0.08 12.969"+0.01 | 14.946%+0.03 | 14.001"+0.01 | 15.958"+0.05
1.0GRWG 10.6607+0.20 | 10.6609+0.20 | 10.7937+0.17 10.977%+0.08 12.026+0.03 | 14.027+0.06 | 13.014+0.04 | 14.191+0.16
1.0GRDG 10.7007'+0.35 | 10.700™+0.35 | 10.867"+0.02 10.963%+0.03 12.363+0.10 | 14.272'+0.10 | 13.954"+0.05 | 15.490+0.09
1.0GRDF 10.457"+0.11 | 10.457"+0.11 | 10.989™+0.03 | 11.245+0.09 | 12.990"+0.008 | 14.985%0.006 | 14.012"+0.03 | 15.959"0.05
0.75GRWG 10.2637+0.29 | 10.263'+0.29 | 10.499+0.01 | 11.048%+0.005 | 11.009+0.01 | 12.561+0.11 | 12.223+0.20 | 13.767™+0.06
0.75GRDG 10.093+0.29 | 10.093'+0.29 | 10.7947+0.05 11.098'+0.04 11.98U+0.05 | 13.021+0.05 | 13.142'+0.12 | 14.557°+0.06
0.75GRDF 10.154+0.05 | 10.154'+0.05 | 10.9389+0.07 | 11.439"+0.10 12.271'+0.09 | 13.069°+0.06 | 13.938"+0.03 | 14.951)+0.05
Mean 10.822 10.822 11.874 12.537 13.597 15.318 14.993 16.495
S Eofmean 0.082 0.082 0.246 0.322 0.274 0.291 0.300 0.309
cD 0.270 0.270 0.177 0.132 0.121 0448 0.149 0.143
CV% 1.504 1504 0.901 0.632 0.538 0582 0.598 0.524

Table.1 Moisture content of control and treated pearl millet grain'and flour during shelf

3.1.2 Fatcontent during storage

life study

The Fat contentofcontroland treated whole grain, dehulled grain and dehulled flour packed in
metalized polypropylene (MPP) and low density polyethylene (LDPE) wereanalysed at the intervals
of 0, 30, 60, 90 days and shown in figure 3 and Table.2.

The whole grain exposed to gamma radiation at 0.75 kGy packed in MPP had a higher fat
content range (5.153-5.304%) than dehulled grain (4.407-5.025%) and dehulled flour (4.610-
4.973%) exposed to gamma radiation at 0.75 kGy packed in MPP. Similarly,whole grainexposed to
gamma radiation at 0.75 KGy packed in LDPE had a higher fat content range (5.153-5.686%) than
dehulled grain (4.407-5.329%) and dehulled flour (4.610-5.352%) exposed to gamma radiation at
0.75 kGy packed in LDPE duringthe90days storageperiod.Gamma radiation was more effective than
parboiling and cold plasma in controlling moisture content during storage. During storage there was

no significant increase in fat content was seen, which is very good observation.

The decrease in fat content can be seen in dehulled grains than whole grains due to
decortication, the germ layer i.e., which contains high amount of fat in pearl millet is removed. The
fat content reduced in treated samples than control samples. A decrease in lipid content was seen in
the early stages of treatment because complex fat aggregates with other components were forming
during the early phases of the plasma treatment. The radiolytic breakdown of fat may be the cause of

decline in fat. Due to fat's increased sensitivity to radiation, radiolytic lipid breakdown occurs both
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Fat content % during storage

MPP MPP LDPE MPP LDPE MPP LDPE
Oth day 30th day 60th day 90th day
Fat content % during storage
Treatments
mCWG m CDG CDF PWG mPDG m 30CDWG
m30CDDG m30CDDF m25CDWG m25CDDG  m25CDDF  m 1.0GRWG
1.0GRDG 1.0GRDF 0.75GRWG m 0.75GRDG m 0.75GRDF

during and after radiation exposure. So, when observed in packaging material on storage MPP

outperformed than LDPE in controlling fat content ranges.in samples.

Malaet al. (2019) found that the irradiation dehusked foxtail millets had an initial fat level of

4.38%. Following the first month of storage, the fat content varied among 4.20 to 4.11 percent, with

the maximum percentage being 4.26 percent (T0).in the control group. Following 6 months of

storage, the highest fat content ‘in the control group was 3.48 percent, while Treatment T8 had a

minimum percentage of 3.34 percent, which was statistically comparable to treatments T7 (3.35

percent) and T6 (3.37 percent).

Figure 3. Fat content during storage

Treatments Fatcontent%duringstorage
0™ day 30" day 60" day 90" day
MPP LDPE MPP LDPE MPP LDPE MPP LDPE
CWG 5.793%+0.19 5.793%+0.19 5.840°+0.15 5.887°+0.10 5.840°+0.13 5.894%+0.10 5.922°+0.09 5.929°+0.08
CDG 5.103°+0.10 5.103°+0.10 5.137°+0.10 | 5.197°+0.12 5.137°°+0.09 5.283°+0.13 5.283+0.10 5.413+0.14
CDF 5.067°0.10 5.067°+0.10 5.080°®+0.09 | 5.130%+0.06 | 5.080°°+0.08 | 5.197°°+0.04 | 5.200%+0.07 | 5.320%+0.05
PWG 5.027°+0.04 5.027°+0.04 5.570°+0.27 | 5.745%+0.20 | 5.570°+0.27 5.0615+0.17 5.721°+0.26 | 5.836P+0.14
PDG 4.340°+0.14 4.340°+0.14 | 5.033¥+0.05 | 5.012'+0.01 | 5.033°®+0.06 | 5.019+0.01 | 5.105°+0.12 | 5.026'+0.01
30CDWG 5.210°+0.02 5.210°+0.02 5.430°+0.09 | 5.623°+0.26 | 5.430°+0.09 5.716°+0.23 5.661°+0.12 | 5.806P+0.19
30CDDG 4.737°40.05 4.737°40.05 5.053°®+0.04 | 5.034%+0.02 | 5.053°+0.08 | 5.063+0.03 | 5.063°+0.13 | 5.080+0.04
30CDDF 4.600°°+0.23 | 4.600°°+0.23 | 4.930°°+0.22 | 5.068%+0.08 | 4.930°9+0.11 | 5.077°+0.05 | 5.040%0.07 5.1147+0.05
25CDWG 5.107°+0.04 5.107°+0.04 5.160°+0.04 | 5.450%+0.06 | 5.167+0.02 5.594°+0.10 | 5.340°+0.04 | 5.627%0.11
25CDDG 4533%9+0.05 | 4.533%9+0.05 | 5.008%+0.01 | 5.078%+0.04 | 5.008%+0.02 | 5.119%+0.10 | 5.030+0.03 | 5.164+0.16
25CDDF 4.39319+0.15 4.3937+0.15 | 5.033°%+0.03 | 5.147°+0.04 | 5.033°%+0.04 5.278°+0.02 5.054+0.04 | 5.350%0.05
1.0GRWG 5.203°+0.02 5.203°+0.02 5.220°+0.05 5.447%+0.09 5.220°+0.10 5.665°+0.08 5.472°+0.10 | 5.763%+0.08
1.0GRDG 4.673+0.18 4.673+0.18 5.014%+0.04 | 5.034+0.03 | 5.014%+0.04 5.046%+0.04 5.035'+0.05 5.048™+0.04




1.0GRDF 45731009 | 4.573°%+0.09 | 4.803%+0.06 | 5.157°+0.05 | 4.803%0.04 5.254°+0.09 | 4.983+0.001 | 5.317%+0.12
0.75GRWG 5.153°+0.06 5.153°+0.06 5.157°+0.06 | 5.453%+0.09 | 5.157+0.07 5.586°+0.09 5.304+0.06 | 5.686™+0.10
0.75GRDG 4.407°9+0.06 | 4.407°9+0.06 | 4.920°°+0.09 | 5.110+0.07 | 4.920°°+0.06 | 5.241°+0.05 | 5.02540.06 | 5.329%+0.05
0.75GRDF 4.610°+0.14 4.610°+0.14 48607+0.09 | 5.137+0.06 | 4.860™+0.05 5.244°+0.06 | 4.973'+0.02 5.352%+0.05
Mean 4.858 4.858 5.132 5.276 5.198 5.314 5.247 5.421
S Eofmean 0.055 0.055 0.038 0.039 0.039 0.039 0.041 0.042
cD 0.199 0.199 0.187 0.175 0.187 0.152 0.159 0.169
CV% 2.464 2.464 2.199 1.994 2.199 1.726 1.830 1.875

Table 2 Fat content of control and treated pearl millet grain and flour during shelf life

study
3.1.3 Ash content during storage

The ash content of control and treated whole grain, dehulled grain‘and dehulled flour
packed in metalized polypropylene (MPP) and low density polyethylene (LDPE) were analysed
at 0 and 90 days and shown in figure 3 and Table 3.

The whole grain exposed to gamma radiation (1.0 kGy) packed in MPP had a higher ash
content range (2.004-2.009%) than dehulled grain (1.570-1.972%) and dehulled flour (1.501-
1.534%)exposed to gamma radiation (1.0 kGy)packed in MPP. Similarly, whole grainexposed to
gamma radiation (1.0 kGy) packed in LDPE had a higher ash content range (2.004-2.017%) than
dehulled grain (1.570-2.036%) and dehulled flour (1.501-1.543%) exposed to gamma radiation
(1.0 kGy) packed in LDPE duringthe90days storageperiod. Gamma radiation was more effective
than parboiling and cold plasma in controlling loss of ash content during storage. There was no
significant (p<0.05) increase in ash content in treated samples and control samples packed in
both MPP and LDPE during storage.
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Table 3 Ash content of control and treated pearl millet grain and flour during shelf

life study



0™ day 90" day

MPP LDPE MPP LDPE
CWG 1.899°+0.09 | 1.899°+0.09 | 1.996°+0.008 2.011%+0.01
CDG 1.518%+0.02 | 1.518%+0.02 1.521°%+0.04 1.5917%+0.09
CDF 1.508+0.08 | 1.508"+0.08 | 1.586°%+0.01 | 1.625™+0.04
PWG 2.001%0.01 | 2.001%+0.01 1.953%+0.05 1.987°+0.09
PDG 1.542°+0.1 15429401 | 1.592°9+0.02 | 1.613%+0.01
30CDWG 1.963%+0.05 | 1.963®+0.05 | 2.000°+0.02 2.000%+0.01
30CDDG 1534%+0.05 | 1.534%+0.05 | 1.557°°+0.07 | 1.565°°+0.06
30CDDF 1546°+0.08 | 1.546+0.08 | 1.535%+0.06 | 1.573°9+0.07
25CDWG 2.017°40.01 | 2.017%+0.01 2.020+0.02 2.029°+0.01
25CDDG 1.578%+0.07 | 1.578%+0.07 1.628+0.04 1.638°+0.05
25CDDF 1.594°%0.01 | 1.594°+0.01 1.606°+0.02 | 1.617"+0.01
1.0GRWG 2.004°+0.01 | 2.004+0.01 2.009°+0.01 2.017°+0.01
1.0GRDG 1570°+0.04 | 1570°+0.04 | 1.972°+0.06 2.036%+0.05
1.0GRDF 1501%+0.03 | 1.501%0.03 1.534%+0.04 1.543%+0,05
0.75GRWG 2.010%0.01 | 2.010°+0.01 | 2.007°+0.005 | 2.022°+0.006
0.75GRDG 15239+0.04 | 1.523+0.04 | 1.540°°+0.03 | 1.549%%0.03
0.75GRDF 1.505°+0.03 | 1.505°+0.03 1.522°+0.03 1534%+0.03

Mean 1.694 1.694 1.740 1761

S Eofmean 0.031 0.031 0.030 0.030

cD 0.091 0.091 0.068 0.084

CV% 3.229 3.229 2.349 2.881

314 Protein content during
storage

The protein content of control and treated whole grain, dehulled grain and dehulled flour
packed in metalized polypropylene (MPP) and low density polyethylene (LDPE) were analysed at 0
and 90 days and shown in figure 4 and Table.4.

The gamma radiated (0.75 kGy) whole grain packed in MPP had a higher protein content
range (13.187-13.213%) than gamma radiated (0.75 kGy) dehulled grain (13.157-13.173%) and
dehulled flour (13.147-13.153%) packed in MPP. Similarly gamma radiated (0.75 kGy)whole
grainpacked in LDPE had a higher protein content range (13.173-13.213%) than gamma radiated
(0.75 kGy) dehulled grain (13.147-13.173%) and dehulled flour (13.143-13.153%) packed in LDPE
duringthe90days. storageperiod. There was not much change in the protein content in pearl millet
grains as well as flour, indicating that treatment with gamma radiation or cold plasma or parboiling
did not alter .the protein content in a significant way, which is a good indication that treatment can
enhance shelf life but doesn't significantly alter the nutrients. There was no significant (p<0.05)
change in protein content in treated samples and control samples packed in both MPP and LDPE
during storage.

Mala et al. (2019) explained that after irradiation, the crude protein content of foxtail millet
ranged from 12.04 to 11.93 percent, in comparison to 12.08 percent in the control after the first
month of storage. The initial crude protein level of foxtail millets was determined to be 12.23



percent. Following six months of storage, the highest amount of crude protein was 11.35 percent and
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the minimum for treatment T8 was 11.20 percent, which was statistically comparable to treatments

T7 (11.21 percent) and T6 (11.23 percent).

Figure 5

during

Treatments Protein content%duringstorage
0™ day 90" day
MPP LDPE MPP LDPE

CWG 13.073%0.005. | 13.073%£0.005 | 13.080+0.01 | 13.053%"+0.005
CDG 13,063%0.005 | 13.063%0.005 | 13.068"+0.005 | 13.043"+0.005
CDFE 13.063%+0.005 | 13.063%0.005 | 13.067"+0.005 | 13.043"+0.005
PWG 18.303°+0:005 | 13.303%+0.005 | 13.123%0.005 13.097%+0.01
PDG 13:263"+0.005 | 13.263°+0.005 | 13.133%+0.005 | 13.083°+0.005
30CDWG 13.083"+0.005 | 13.083+0.005 | 13.073%"+0.005 | 13.063%+0.005
30CDDG 13.073%0.005 | 13.073%0.005 | 13.0739+0.005 | 13.053%'+0.005
30CDDF 13.067%+£0.005 | 13.0679£0.005 | 13.057"+0.005 | 13.053%"+0.005
25CDWG 13.087'+0.005 | 13.087+0.005 | 13.083™+0.005 | 13.073%+0.005
25CDDG 13.083"+0.005 | 13.083+0.005 | 13.074"+0.005 | 13.053%+0.005
25CDDF 13.068%+0.005 | 13.068%0.005 | 13.058"+0.005 13.053%+0.01
1.0GRWG 13.203°+0.005 | 13.203°%0.005 | 13.177°+0.005 | 13.157°+0.005
1.0GRDG 13.183%+0.005 | 13.183%0.005 | 13.167°+0.005 13.157°+0.005
1.0GRDF 13.163°+0.005 | 13.163°+0.005 | 13.053'+0.005 13.170°+0.01
0.75GRWG 13.213°+0.005 | 13.213°%0.005 | 13.187°+0.005 | 13.173%+0.005
0.75GRDG 13.173%0.005 | 13.173%0.005 | 13.157™+0.005 | 13.147°°+0.005
0.75GRDF 13.153°+0.005 | 13.153°%0.005 | 13.147°+0.005 | 13.143°+0.005

Mean 13.136 13.136 13.104 13.094

S Eofmean 0.010 0.010 0.006 0.007

cD 0.010 0.010 0.010 0.011

0.044 0.044 0.047 0.052

C.V%

Protein content

storage



3.15 Crude fiber content during storage

Table .4 Protein content of control and treated pearl millet grain and flour during
shelf life study

The crude fiber of control and treated whole grain, dehulled grain and dehulled flour packed
in metalized polypropylene (MPP) and low density polyethylene (LDPE) were analysed at 0 and 90
days and shown in figure 6 and Table.5.

The whole grain exposed to gamma radiation (0.75 kGy) packed in MPP had a higher crude
fiber content range (2.571-2.635 %) than dehulled grain (2.182-2.260 %) and.dehulled flour (2.067-
2.133 %) exposed to gamma radiation (0.75 kGy) packed in MPP..Similarly, whole grainexposed to
gamma radiation (0.75 kGy) packed in LDPE had a higher crude fiber content range (2.571-2.645
%) than dehulled grain (2.182-2.273 %) and dehulled. flour (2.067-2.145 %) exposed to gamma
radiation (0.75 kGy) packed in LDPE duringthe90days storageperiod. There was no significant
(p<0.05) increase in crude fiber content in treated samples and control samples packed in both MPP
and LDPE during storage. Gamma radiation was more effective than parboiling and cold plasma in
terms of nutritional profile indicating a non-thermal technology that aids at ensuring the shelf life of
the pearl millet grains and flour during storage: During storage there was no significant increase in
fat, ash, protein and crude fiber contents which is a very impressive observation and it can be
mentioned that by giving parboiling, cold plasma and gamma radiation treatments helps in
improving the shelf life, but not changing the nutritional composition to a vast extent.

Shindumeet al. (2019) presented that there was a statistically significant variation in the
amount of crude fiber.at p < 0.05 compared to the parental lines and the corresponding mutant
derivatives. In general, lower crude fiber content was seen in the mutant lines compared to the
parental lines, and this could have resulted from the other nearby incremental influence of

composition'and crude fiber percentage was found that 2.51-4.7%.

Mala et al. (2019) concluded that after foxtail millets were exposed to radiation, the initial
crude fiber content was discovered to be 6.05 percent. After the first month of storage, the dehusked
foxtail millets had a crude fiber content ranging from 5.88 to 5.77 percent, while the control group



Crude fiber content % during storage
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had the highest percentage at 5.92 percent. After six months of storage, the control's maximum fiber
content was 5.19 percent, whereas the lowest was 5.03 percent.in treatment T8.

Treatments Crude fiber content%duringstorage
. 0 day . 90" day
Figure 6 Ggpde fiper coptentduripg stoage [ ope
CWG 2.918%+0.05 2.918%+0.05 2.942%+0.05 2.950°+0.03
CDG 2.455%+0.06 2.455%+0.06 2.531%+0.05 2.521%%+0.07 .
Table 5 Crude CDF 2.334%'+0,08 | 2.334%+0.08 | 2.454°°+0.05 2.444%'+0.05 fiber content of
PWG 2.436°°+0.08 .| 2.436°°+0.08 | 2.538™%+0.09 2.585°+0.17
control and PDG 2.085%0.10 2.085%0.10 2.132°+0.12 2.183"+0.08 treated pearl
il . 30CDWG 2.658°+0.05 2.658°+0.05 2.732°+0.06 2.738°+0.06 d fi duri
millet grain 30CDDG 2245794009 | 2.2457+009 | 2.279°+010 | 2.292%+0.10 ana riour auring
. 30CDDF 2.236°9+0.06 | 2.236°+0.06 2.248%+0.07 2.2599'+0.07
shelf life study [>scows 2:406°F+0.36 | 2.406°°+0.36 | 2.556°°£0.29 | 2.608+0.21
25CDDG 2.1419+0.13 2.141+0.13 2.2221+0.17 2.2649+0.11
25CDDF 2.177+0.07 2.177+0.07 2.25979+0.10 2.292+0.06
1.0GRWG 2.490°°+0.11 | 2.490°°+0.11 2.505+0.11 2.526%+0.10
1.0GRDG 2.341%0.09 | 2.341%+0.09 | 2.365%+0.07 2.383+0.06
1.0GRDF 2.300%'+0.07 | 2.300%+0.07 | 2.376%“'+0.03 2.384°+0.03
0.75GRWG 2.571%40.10 2.571%40.10 2.635%+0.08 2.645%+0.09
0.75GRDG 2.182"+0.08 2.182"+0.08 2.260°%+0.11 2.273"9+0.11
0.75GRDF 2.067%+0.06 2.067°+0.06 2.133%0.10 2.145"+0.10
Mean 2.355 2.355 2.421 2.440
S Eofmean 0.033 0.033 0.033 0.032
cD 0.203 0.203 0.197 0.173
CV% 5.201 5.201 4.901 4.261

3.2 Functionalpropertiesof control and treated pearl millet grain and flour during storage

The functional properties was done for control whole grain, dehulled grain and control

dehulled flour and parboiled, cold plasma and gamma radiated whole grain, dehulled and dehulled



flour of pearl millet were packed in metalizedpolypropylene (MPP) and low density polyethylene
(LDPE) at ambient temperature
and stored for 90

| Treatments | Water absorption capacity(WAC) g/gduringstorage

| days.

3.2.1Water absorption capacity (WAC) during storage

The water absorption capacityof control and treated whole grain, dehulled grain and dehulled
flour packed in metalized polypropylene (MPP) and low density polyethylene (LDPE) were analysed
at 0 and 90 days and shown in figure 6 and Table 1.

The parboiled dehulled grain packed in MPP had a higher water absorption capacityrange
(1.322-1.44649/9) than parboiled whole grain (1.263-1.359g/g) packed in. MPP. Similarly parboiled
dehulled grainpacked in LDPE had a higher water absorption capacityrange (1.322-1.511g/g) than
parboiled whole grain (1.263-1.4599/g) packed in LDPE. duringthe90days storageperiod. Parboiling
was more effective than cold plasma and gamma radiation in improving water absorption capacity
during storage. There was no significant (p<0.05).increase in water absorption capacity in treated

samples and control samples packed in both MPP and LDPE during storage.

Water absorption capacity(WAC) g/g during storage
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Figure 7Water absorption capacity during storage



0™ day 90" day
Table.6 MPP LDPE MPP LDPE Water
CWG 1.191%+0.01 1.191%+0.01 [ 1.385™%+0.007 | 1.447%+0.01
absorption CDG 1.201%+0.001 1.201%+0.001 1.401°+0.008 | 1.479°+0.009 Capacity
CDF 1.206°+0.003 1.206°+0.003 1.399;&0.01 1.492%+0.005
PWG 1.263°+0.008 1.263°+0.008 1.359%+0.02 1.459%+0.01
of control and PDG 1.322°+0.004 1.322°+0.004 1.446°+0.01 1.511%+0.01 treated
: : 30CDWG 1.186°9+0.002 | 1.186°+0.002 | 1.370°+0.009 | 1.428%+0.01
pearl millet grain 30CDDG 1.189°9+0.005 | 1.189°%+0.005 | 1.389°+0.01 1.462°+0.01 and
. 30CDDF 1.192%+0.003 | 1.192%+0.003 | 1.383"+0.009 | 1.475™+0.007 .
flour durlng shelf 25CDWG 1.184"+0.001 1.184"+0.001 1.283+0.01 1.328"+0.01 life
25CDDG 1.190%9+0.003 | 1.190%%+0.003 1.2579+0.01 1.342"+0.01
Study 25CDDF 1.207°+0.005 1.207°+0.005 1.331°%0.03 | 1.426%+0.006
1.0GRWG 1.193%+0.01 1.193%+0.01 1.261%+0.02 1.303'+0.01
1.0GRDG 1.196°®+0.006 | 1.196°*+0.006 1.293+0.02 1:411%+0.01
1.0GRDF 1.188°%+0.003 | 1.188°+0.003 1.259%+0.01 1.367°+0.01
0.75GRWG 1.179%+0.003 1.179%+0.003 1.279+0.02 1.376%+0.01
0.75GRDG 1.191%+0.002 | 1.191%+0.002 1.284'9+0.01 1.384%+0.008
0.75GRDF 1.188%9+0.004 | 1.188°9+0.004 | 1.285%+0.007 1.:312+0.01
Mean 1.203 1.203 1.333 1411
S Eofmean 0.005 0.005 0.008 0.009
cD 0.012 0.012 0.030 0.022
CV% 0.581 0.581 1.373 0.925

3.2.2 Oil absorption capacity (OAC) during storage

The oil absorption capacityof control and treated whole grain, dehulled grain and dehulled
flour packed‘in metalized polypropylene (MPP) and low density polyethylene (LDPE) were analysed
at 0 and 90 days and shown in figure 7 and Table.2.

The whole grain treated with cold plasma at 30kv for 10 mins packed in MPP had a higher
oil absorption capacity(1.377g/g) than dehulled flour treated with cold plasma (1.373g/g) and
dehulled grain(1.364g/g)at 30kv for 10 mins packed in MPP. Similarly, dehulled flour treated with
cold plasma at 30kv for 10 mins packed in LDPE had a higher oil absorption capacity range (1.373-
1.463g/g) than cold plasma treated dehulled grain (1.364-1.459g/g)and whole grain (1.377-1.4469/g)
at 30kv for 10 mins packed in LDPE duringthe90days storageperiod. Cold plasma was more
effective than parboiling and gamma radiation in improving oil absorption capacity during storage.



There was no significant (p<0.05) increase in oil absorption capacity in treated samples and control

samples packed in both MPP and LDPE during storage.

Oil absorption capacity(OAC) g/g during storage
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Figure 80il ¢ absorption
capacity | Treatments | . . . il a§§sorption capacity(OAC) g/gduringstorage during storage
0™ day 90" day
LDPE MPP LDPE
1.388%+0.01 1.388%+0.01 1.388%+0.01 1.455%+0.03
1.379%+0.05 1.379%+0.05 1.379%+0.03 1.469°+0.02
@, " 1.386%0.004 1.386°+0.004 1.386°+0.02 1.472°+0.03
1.361%%+0 03 1.361%%+0 03 1.3617%7+0.02 1.428%°+0.03
1.318%9"+0.03 1.318%9+0.03 1.318%9"+0.06 1.355%0.02
Y 1.377%°+0.01 1.377%°+0.01 1.377%°+0.01 1.446™+0.03
. A 1.364%%+0.01 1.364%%+0.01 1.3647%+0.03 1.459%+0.02
@ 1.373%+0.01 1.373%+0.01 1.373%+0.02 1.463%+0.03
N . | 25CDWG 132801001 | 13280001 | 1.328+0.007 | 1.421°%40.003
Y " | 25cDDG 1.324%%+0.005 | 1.324%%0,005 | 1.324%9+0.005 | 1.424™%0.007
bcdef, bcdef, beder b,
“wo | 25CDDF 1.340ab°d2¢0.002 1.340ab°d2¢0.002 1.34(1;:&01 1.455?1a +0.02
1.0GRWG 1.331°%0+0 01 1.331%®0+0 01 | 1.331°®0+0.006 | 1.380%+0.001
1.0GRDG 1.313™+0.005 1.313™+0.005 1.313'+0.03 1.354°+0.05
1.0GRDF 1.279"+0.01 1.279"+0.01 1.279"+0.01 1.372°40.02
0.75GRWG 1.287%+0.006 1.287%+0.006 1.287%+0.03 1.391°%+0.002
0.75GRDG 1.325%19"+0.01 1.325%19"+0 01 1.325%9"+0 05 1.380%+0.01
0.75GRDF 1.3657%+0.009 | 1.365%°®+0.009 1.365°°%+0.03 | 1.424"+0.006
Mean 1.210 1.210 1.343 1.420




0.003 0.003 0.005 0.006

S.Eofmean
c.D 0.050 0.050 0.050 0.045
C.\V% 2.241 2.241 2.241 1.923

Table 7 Oil absorption capacity of control and treated pearl millet grain and flour

during shelf life study

3.2.3 Foaming capacity (FC) during storage

The foaming capacityof control and treated whole grain, dehulled grain and dehulled flour
packed in metalized polypropylene (MPP) and low density polyethylene (LDPE) were analysed at 0
and 90 days and shown in figure 9 and Table 3.

The parboiled whole grain packed in MPP had a higher foaming capacityrange (14.790-
14.892%) than parboiled dehulled grain (14.857-14.856%) packed in MPP. Similarly parboiled
whole grainpacked in LDPE had a higher foaming capacityrange (14.790-14.903%) than parboiled
dehulled grain (14.857-14.864%) packed in LDPE duringthe90days storageperiod. Parboiling was
more effective than cold plasma and gamma radiation in improving foaming capacity during storage.
There was no significant (p<0.05) increase in foaming capacity in treated samples and control

samples packed in both MPP and LDPE during storage.



Table 8 Foaming capacity of control and treated pearl millet grain and flour during
shelf life study

Foaming capacity (FC) % during storage
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Treatments Foaming capacity (FC) %duringstorage
0™ day 90" day
MPP LDPE MPP LDPE
CWG 11.600'+0.34 11.600+0.34 | 12.015"+0.01 | 12.058+0.03
CDG 12.033'+0.40 12.033'+0.40 12.374%0.14 | 12.389"+0.13
CDF 12.733"+0.20 | 12.733"+0.20 | 12.886'+0.18 | 12.893%+0.18
PWG 14.790°+0.07 | 14.790%+0.07 | 14.892°+0.07 | 14.903%+0.07
PDG 14.857°+0.09 | 14.857°+0.09 | 14.856°+0.06 | 14.864°+0.06
30CDWG 13.567°+0.09 | 13.567°+0.09 | 13.458°+0.37 | 13.523%+0.42
30CDDG 14.520%+0.44 | 14.520™+0.44 | 14.255°+0.05 | 14.367°+0.03
30CDDF 14.543%+0.46 | 14.543™+0.46 | 14.811%+0.10 | 14.903%+0.07
25CDWG 13.570+0.06 | 13.570°:0.06 | 13.670%+0.05 | 13.704°t0.03
25CDDG 13.923%+0.07 | 13.923%+0.07 [ 13.922°+0.11 | 13.935%+0.11
25CDDF 14.500%+0.50 | 14.590®+0.50 | 14.876%+0.07 | 14.906%+0.07
1.0GRWG 13.4379+0.09 | 13.4379+0.09 | 13.512°+0.08 | 13.589%+0.06
1.0GRDG 13.003%+0.27 | 13.003"+0.27 | 13.527°+0.40 | 13.377°+0.09
1.0GRDF 14.110°°+0.14 | 14.110°°+0.14 | 14.153"+0.16 | 14.229°+0.13
0.75GRWG 13.470%+0.12 | 13.470™+0.12 | 13.607°:0.07 .| 13.607°+0.07
0.75GRDG 13.637%+0.42 | 13.637%'+0.42 | 13.056'+0.11 13.137'+0.08
0.75GRDF 14.027°%+0.10 | 14.027°°*+0.10 | 14.074%°+0.06. | 14.149%+0.06
Mean 13.649 13.649 13.761 13.796
S Eofmean 0.138 0.138 0.119 0.120 o
oD 0524 0524 0274 0227 3.2.4Emulsifying
capacity (EC) L_cv% 234 (i i %2 | during storage

The emulsifying capacityof control and. treated whole grain, dehulled grain and dehulled
flour packed in metalized polypropylene (MPP) and low density polyethylene (LDPE) were analysed
at 0 and 90 days and shown in figure 10.

The cold plasma. treated (25kv for 10 mins) whole grain packed in MPP had a higher
emulsifying capacity range (45.720-45.875%) than cold plasma treated (25kv for 10 mins) dehulled
grain (44.777-44.840%) and dehulled flour (44.077-44.093%) packed in MPP. Similarly cold plasma
treated (25kv for.10 mins) whole grain packed in LDPE had a higher emulsifying capacity range
(45.720-45.916%) than cold plasma treated (25kv for 10 mins) dehulled grain (44.777-44.936%) and
dehulled flour (44.077-44.120%) packed in LDPE duringthe90days storageperiod. There was no
significant (p<0.05) increase in foaming capacity in treated samples and control samples packed in
both MPP and LDPE during storage.

Parboiling was more effective than cold plasma and gamma radiation in terms of water
absorption capacity and foaming capacity indicating that parboiling could be better low cost
treatment. During storage there was no significant increase in water absorption capacity and foaming
capacity. Therefore, Cold plasma was more effective than parboiling and gamma radiation with

regard to oil absorption capacity and emulsifying capacity indicating that novel non-thermal



technology that aids in improving the functional properties, which are essential for value addition of
products. During storage there is no significant increase in oil absorption capacity and emulsifying

capacity.

Sarkaret al. (2023) indicated that theimpact of cold plasma treatment on nutritional,
antinutritional, functional, thermal, rheological and structural properties of pearl millet flour.Pearl
millet grains was exposed to 30 kV for 20 minutes had the highest WAC (1.62 g/g), which was
considerably (p < 0.05) greater than the control (1.32 g/g). The rise in WAC is linked to species that
produce plasma, such as ions and radicals, based on how much starch particles break down by CP
treatment to enhance flour's hydrophilicity. The increasing the voltage and duration resulted in an
increase in the OAC of both the control and CP-treated PMF. The control sample's OAC was 1.11
g/g, and it reached its maximum of 1.31 g/g at 30 kV-20 min. The increase in OAC may be due to
the addition of non-polar amino acids and protein structures.

Sarkar et al. (2023) reported that the impact of cold plasma treatment on nutritional,
antinutritional, functional, thermal, rheological and structural properties of pearl millet flour. Pearl
millet grains was exposed to 30 kV for 20 minutes had the highest EC and FC in treated than control
(86.58 and 10.67%). The formation of clumps among amino acid chains as a result of chain

oxidation and the rise in EC and FC are induced by the exposure of hydrophobic protein groups,

Emulsifying capacity (EC) % during storage
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which also increases surface hydrophobicity.

Figure 10Emulsifyingcapacity during storage

Table 9 Treatments Errlulsifying capacity (EC) %duringstgrage EmUISIfymg
tl tl
capacity of control oy Sy and treated
. ) CWG 45.437°+0.12 | 45.437°+0.12 | 45.736®+0.17 | 45.846™°+0.17
pearl millet grain  [cpe 44387°40.03 | 44387°+003 | 44.92040.11 | 44.972%:0.06 and flour
. . CDF 44.127%+0.32 | 44.127%+0.32 | 44.080%+0.20 | 44.178"+0.33
during shelf life PWG 454772023 | 45.477°+0.23 | 45621%+0.17 | 45.668°°+0.11 study
PDG 43.420'+0.27 43.420'+0.27 | 43.499°+0.12 | 43.609"+0.06
30CDWG 45.493°+0.17 | 45.493°+0.17 | 45536°+0.08 | 45.633%+0.04
30CDDG 447274031 | 44.727°+0.31 | 44.835°+0.14 | 44.936°+0.04
30CDDF 43.997°+0.16 | 43.997°+0.16 | 44.023%+0.14 | '44.047°+0.12
25CDWG 45720°+0.25 | 45.720°+0.25 | 45.875°+0.08" | 45916%0.05
25CDDG 44.777°+0.26 | 44.777°+0.26 | 44.840°+018 | 44.936°+0.05
25CDDF 44.077%+0.24 | 44.077%+0.24 | 44.093°+0.24 | 44.120%+0.22
1.0GRWG 45.387°+0.20 | 45.387°+0.20 | 45487°+0.11 |, 45.555+0.06
1.0GRDG 44.190%+0.26 | 44.190%+0.26 | 44.272°+023 | 44.354'+0.13
1.0GRDF 44.033%+0.21 | 44.033%®+0.21 |  44.033%+0.26 |-.44.115%+0.20
0.75GRWG 45.693%+0.07 | 45.693%+0.07.,| 45.809°+0.06 | 45872%+0.02
0.75GRDG 44.633+0.27 | 44.633"°+027 | 44.837°+0.07 | 44.893°+0.02
0.75GRDF 44.013%+0.18 | 44.013%®+0.18 | 44.076°+0.13 | 44.103%+0.12
Mean 44.681 44.681 44.798 44.867
S Eofmean 0.103 0.103 0.107 0.106
cD 0.384 0.384 0.271 0.230
CV% 0518 0518 0.365 0.309

Note:Values are expressed as mean:'+ standard deviation of three determinations Means within the
same column followed by a common letter do not differ significantly at (p < 0.05).

CWG-Contral whole grain; CDG-Control dehulled grain; CDF-Control dehulled flour; 30CDWG-
Cold plasma treated whole grain at 30kv for 10min; 30CDDG-Cold plasma treated dehulled grain at
30kv for 10min; 30CDDF-Cold plasma treated dehulled flour at 30kv for 10min; 25CDWG-Cold
plasma treated whole grain at 25kv for 10min; 25CDDG-Cold plasma treated dehulled grain at 25kv
for 10min; 25CDDF-Cold plasma treated dehulled flour at 25kv for 10min; LDPE-Low density
polyethylene; MPP-Metalized polypropylene.

4. CONCLUSION

In the present study the effect of hydrothermal and non-thermal treatments on functional and
nutritional properties of pearl millet grain and flour was studied. The findings indicated the moisture
content increases in all the control and treated samples among both type of packaging and the lowest
was observed in whole grain exposed to gamma radiation at 0.75 kGy (10.263-12.223 %) packed in



MPP. The lowest Fat content ranges was observed in gamma radiated (0.75 kGy) whole grain
(5.153-5.304 %) packed in MPP. Highest ash content was seen in the gamma radiated (1.0 kGy)
whole grain (2.004-2.017 %) packed in LDPE. Similarly, highest protein content was noticed in
gamma radiated (0.75 kGy) whole grain range (13.187-13.213 %) packed in MPP. Crude fiber
content drastically reduced in treated samples than control samples and highest was seen in the
gamma radiated (0.75 kGy) whole grain (2.571-2.645 %) packed in LDPE. During.storage there was

no significant increase in fat, ash, protein and crude fiber contents.

The highest WAC was noticed in parboiled dehulled grain (1.322-1.511 g/g) packed in
LDPE. The highest FC was seen in parboiled whole grain (14.790-14.903 %) packed in LDPE.
Highest EC was observed in the cold plasma treated (25kv for 10 mins) whole grain (45.720-45.916
%) packed in LDPE. The highest OAC was noticed in the cold plasma treated (30kv for 10 mins)
whole grain (1.377-1.446 g/g) packed in LDPE. During storage there was no significant increase in
functional properties such as water absorption capacity (WAC), foaming capacity (FC) and
emulsifying capacity (EC).

In conclusion, for pearl millet. whole grain and dehulled grain, hydrothermal treatment
(parboiling) outperformed than other two treatments and for dehulled flour, gamma radiation
treatment at 0.75 kGy outperformed other two treatments. However, gamma radiation at 0.75 kGy
better than other non-thermal treatment (cold plasma). MPP better than LDPE when it came to
packing materials. This.could be becausee MPP packaging materials are less likely to readily come
into contact with oxygen (air) and are therefore primarily responsible for the reduced increase in

moisture during storage.
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