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	ABSTRACT	
In	the	present	study	pearl	millet	(Pennisetum	glaucum)	PBH1625	variety	(whole	grain,	dehulled	grain,	and	dehulled	�lour)was	
subjected	to	cold	plasma	exposure	at	25kv	for	10	mins	and	30kv	for	10	mins.	Subsequently,	the	samples	were	packed	in	low-density	
polyethylene	(LDPE)	pouches	and	metalized	polypropylene	(MPP)	stored	for	90	days,	and	shelf	life	studies	were	conducted.	The	
results	revealed	that	cold	plasma	exposure	at	25kv	for	10	mins	outperformed	in	controlling	lipase	and	lipoxygenase	activity	at	30kv	
for	10	mins.	On	storage,	MPP	packaging	material	outperformed	LDPE	in	controlling	moisture,	acid	value,	free	fatty	acids,	peroxide	
value,	water	activity,	lipase,	and	lipoxygenase	activity	in	all	the	samples.	The	�indings	collectively	indicate	that	pearl	millet	whole	
grain,	dehulled	grain,	and	dehulled	�lour	exposed	to	cold	plasma	at	25kv	for	10	mins	followed	by	packing	in	MPP	have	better	shelf	life	
and	storability	up	to	90	days.

Keywords:	Cold	plasma	treatment,	Low	density	polyethylene	(LDPE),	Metalized	polypropylene	(MPP),	Lipase	activity,	Lipoxygenase	
activity.
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INTRODUCTION
Pearl millet is the main source of all the health advantages 
associated with millet. Growing predominantly in Asia and 
Africa, pearl millet (Pennisetum	 glaucum), a member of the 
Poaceae (grass family) family, 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 
succumb to poor soils (Dayakar et	al., 2004). After rice, wheat, 
maize, and sorghum, pearl millet is the �ifth 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. 
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. 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%), �iber 
(2.0%), and ash (2.1%) content(Jukanti et	al.,	2016).
Despite nutritional superiority, the utilization of pearl millet 
�lour is limited to a few speci�ic pockets and regions all around 
the world due to the poor keeping quality of the �lour and the 
development of off odor during storage. The poor keeping 
quality of pearl millet �lour is due to the oxidative/hydrolytic 
rancidity caused by enzymes like Lipase and Lipoxygenase(Rani 
et	al., 2018). 

The pearl millet has a 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-odors due to an increase in lipase and 
lipoxygenase enzymes, peroxidase value, and acid value. Hence, 
proper shelf-life-enhancing treatments are necessary for pearl 
millet to improve its keeping quality. So, the non-thermal 
treatment (Cold plasma) is applied applied to enhance the shelf 
life of the pearl millet (Rathore et	al.,	2016).
The cold plasma technique was originally applied to enhance 
the antimicrobial activity in surface engineering, the bio-
medical �ield, and polymer industries. Plasma is ionized gas 
containing reactive oxygen species (0, 0, 0, and OH), reactive 
nitrogen species (NO, NO and NO, J, UV, free radicals, and 
charged particles. Plasma is generated when electrical energy is 
applied to a gas present between two electrodes (Tavakoli et	al.,	
2022).
 The pearl millet has poor keeping quality due to high-fat content 
and it causes the development of off odors, off �lavors, and 
bitterness with increased oxidative/hydrolytic rancidity caused 
by enzymatic activity. There are several studies conducted on 
the shelf life enhancement of pearl millet. However, not many 
studies are available on the effect of non-thermal treatments on 
pearl millet storage. With an objective towards a better 
understanding of cold plasma treatment in enhancing the shelf 
life of pearl millet grain and �lour. A research was designed to 
study the effect of cold plasma treatment on the quality and 
storage of pearl millet grain and �lour.

2.	MATERIALS	AND	METHODS
2.1	Raw	materials:	The Pearl millet (PBH1625) was procured 
from the 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. 
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The schematic representation of the research study is given in 
Figure 2.1.

2.2	Preparation	of	sample	for	cold	plasma	treatment:	From 
a 50kg sample of pearl millet (PBH 1625) variety, a 
homogenized -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 were obtained 
which were used for pulverization. Whole grain, dehulled grain, 
and dehulled �lour of pearl millet (PBH 1625) variety were used 
for cold plasma treatments as shown in Figure 2.2.

2.3	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 �lour of 
pearl millet, followed by packing in low-density polyethylene 
(LDPE) pouches and metalized polypropylene (MPP) for 
storage upto 90 days. The nutritional analysis, chemical 
composition, and enzymatic activity during storage were 
carried out at regular intervals i.e., 0, 30, 60, and 90 days 
(Tavakoli et	al.,	2022).

Figure2.1	 Schematic	 representation	 of	 research	 study	 Figure	 2.2	
Preparation	of	sample

2.4	Estimation	of	nutritional	and	shelf	life	parameters:	As 
per AOAC(2005)the moisture, Ash, and Crude �ibercontents of 
the samples were estimated.The fat content of the samples was 
determined using (AOAC) 1997). Protein was estimated by the 
Lowry method (Waterborg, 2009). The acid value was estimated 
according to FSSAI(2021). Free fatty acids were measured 
according to Pearson (1976). 

Peroxide value was estimated according to Sadasivam and 
Manickam(2018). Water activity was determined according to 
Abramovic et	 al.(2008). Determination of lipase activity was 
performed according to the method described by Padmaja et	
al.(2023). Lipoxygenase activity was estimated according to 
ulousToulouse et	al.(2018). The data was statistically evaluated 
by one-way analysis of variance procedure (ANOVA).

3.	RESULTS	AND	DISCUSSION
3.1	 Effect	 of	 cold	 plasma	 treatment	 on	 nutritional	
composition:	The proximate analysis such as moisture, ash, 
protein, fat, and crude �iber were done for control whole grain, 
dehulled grain, and dehulled �lour and cold plasma treated at 
30kv and 25kv for 10 minspearl millet whole grain, dehulled 
and dehulled �lour were packed in metalized polypropylene 
(MPP) and low-density polyethylene (LDPE) at ambient 
temperature and stored for 90 days.
The moisture content of. The moisture content lowered 
considerably (p<0.05) after cold plasma treatment for all 
samples, with major drop seen in whole grain (10.268-
14.068%), dehulled grain (10.771-13.990%) and �lour (10.891-
15.958%) samples treated for 10 min at 25kv packed in MPP 
than control whole grain (10.702-16.687%)was found to be 
lower than dehulled grain (11.282-17.129%) and �lour (11.751- 
18.071%)packed in MPP. The voltage, and treatment time had a 
signi�icant effect on moisture content. Because MPP packaging 
material will not come into contact with oxygen (air) easily, was 
primarily responsible for the lower increase in moisture during 
storage. Ajita and Jha (2017) concluded that the product's 
hygroscopic properties, the storage environment (temperature, 
relative relative humidity), and the type of packaging material 
all contributed to the increase in moisture content. The 
moisture content of control and cold plasma treated samples are 
summarized in Table 3.1.1.
The fat content of control whole grain (5.793-5.922%) was 
found to be higher than dehulled grain (5.103-5.283%) and 
�lour (5.067-5.200%) packed in MPP. The fat content lowered 
considerably (p<0.05) after cold plasma treatment for all 
samples, with a substantial decrease in whole grain (5.107-
5.340%), dehulled grain (4.533-5.030%), and �lour (4.393-
5.054%) samples treated for 10 min at 25kv packed in MPP. 
There was a signi�icant (p<0.05) decrease in fat content 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 fat content 
of control and cold plasma treated samples are summarized in 
Table 3.1.2. Lokeswariet	al. (2021) showed that during the �irst 
phase of the treatment, A1 (2.79/100 g) and B1 (3.15/100 g) 
showed lower lipid contents. The creation of complicated fat 
aggregates with other components was the cause of the 
decrease in the early phases of plasma therapy. An increase in 
treatment time and voltage for A2 (3.15/100 g), A3 (4.63/100 
g), B2 (3.50/100 g), and B3 (4.71/100 g) has resulted in a 
considerable improvement in the amount of fat extracted. Crude 
fats break down into their derivatives as a result of the 
treatment's increased fat content.
The ash content of control whole grain (1.899-1.996%) was 
found to be higher than dehulled grain (1.518-1.521%) and 
�lour (1.508-1.586%) packed in MPP. The ash content increased 
signi�icantly (p<0.05) after cold plasma treatment for all 
samples, with a substantial increase in whole grain (2.017-
2.020%), dehulled grain (1.578-1.628%), and �lour (1.594-
1.606%) samples treated for 10 min at 25kv packed in MPP.
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Chavan and Kachare (1994) said that the �irst decrease in acid 
levels in the thermally treated samples was caused by the 
thermal treatment's inhibition of lipase. During storage, the acid 
values of HHB 67 samples that were not heat treated increased 
rapidly from 0.23 to 1.00 g.100 g−1 of dry matter and from 0.19 
to 0.66 g.100 g−1 of dry matter signi�icantly. This is because 
enzymatic lipolysis has increased the amount of free fatty acids. 
The FFA of control whole grain (1.600-10.053%) was found to 
be lower than dehulled grain(1.214-13.392%) and �lour (1.197-
14.020%) packed in MPP. 
While, the FFA lowered considerably (p<0.05) after cold plasma 
treatment for all samples, with a major drop seen in whole grain 
(0.842-9.112%), dehulled grain(0.561-11.658%) and 
�lour(0.559-11.909%) samples treated for 10 min at 25kv 
packed in MPP. There was an increase in acid value in all the 
control and treated samples among both types of packaging. 
However, the increase was less observed in treated samples 
than in control samples. This is due to the high-fat content in 
whole grain than dehulled grain and �lour. Because, the acid 
value is increased due to an increase in moisture, water activity, 
and rancidity causing enzymes. Yadavet	 al., (2012) revealed 
that, in order of preference, the control samples, treated SBP 
samples, and SAP samples had a higher rate of increase in FFA. 
The development of a rancid odor was another indicator of 
elevated FFA levels. This odor was associated with auto-
oxidative degradation, and control samples began to smell after 
10 days of storage as a result of rising FFA levels, while SAP and 
SBP samples didn't begin to smell bad until 45 and 50 days after 
storage, respectively.
The peroxide value and water activity of control and cold plasma 
treated samples are summarized in Tables 3.2.1 and 3.2.2. The 
peroxide value of control whole grain (5.324-18.602 
meq/1000g) was found to be lower than dehulled grain(7.727-
2 1 . 7 2 3 m e q / 1 0 0 0 g ) a n d  � l o u r  ( 7 . 7 2 7 -
23.566meq/1000g)packed in MPP. The peroxide value lowered 
considerably (p<0.05) after cold plasma treatment for all 
samples, with a major drop seen in whole grain (3.100-
1 2 . 2 4 3 m e q / 1 0 0 0 g ) ,  d e h u l l e d  g r a i n ( 4 . 6 1 3 -
1 7 . 7 2 0 m e q / 1 0 0 0 g ) a n d  � l o u r  ( 4 . 7 2 6 -
18.701meq/1000g)samples treated for 10 min at 25kv packed 
in MPP. Because, peroxide value is increased due to an increase 
in moisture, water activity, hydrolytic and oxidative rancidity 
causing enzymes. Yadav et	 al.(2012) concluded that after 30 
days of storage, the peroxide value in the control �lour raised 
respectively (p>0.05) from 11.23 to 28.96 meq O2 kg-1fat. When 
the �lour was microwave-treated, its PV was 11.55 meq O2 kg-1 
fat after zero days. After 30 days of storage, it reached 2.48 meq 
O2 kg-1 fat and did not differ notably (p<0.05) from the control. 
While, the water activity of control whole grain (0.350-0.686a ) w

was found to be lower than dehulled grain(0.440-0.704a )and w

�lour(0.547-0.821a )packed in MPP. The water activity value w

lowered considerably (p<0.05) after cold plasma treatment for 
all samples, with a major drop seen in whole grain (0.173-
0.381a ), dehulled grain(0.193-0.394a ), and �lour(0.203-w w

0.411a )samples treated for 10 min at 25kv packed in MPP. w

There was an increase in water activity in all the control and 
treated samples among both types of packaging. However, the 
increase was less observed in treated samples than in control 
samples. Because, water activity increases with temperature, 
the free water content in food and little effect on an increase in 
moisture. Singhet	 al. (2020) explained that in metalized 
packaging, the water activity of morning cereal improved 
dramatically (P≤0.05) over a three-month storage period, from 
0.17 to 0.40 (an increase of roughly 42%). 

While the protein content of the control whole grain (13.073-
13.080%) was found to be higher than dehulled grain (13.063-
13.068%) and �lour (13.063-13.067%) packed in MPP. The ash 
content increased signi�icantly (p<0.05) after cold plasma 
treatment for all samples, with a substantial increase in whole 
grain (13.083-13.087%), dehulled grain (13.074-13.083%), 
and �lour (13.058-13.068%) samples treated for 10 min at 25kv 
packed in MPP. There was a signi�icant (p<0.05) increase in ash 
content in treated samples than control samples. However, an 
increase in ash content with exposure time is possibly due to the 
action of plasma reactive species. The ash and protein content of 
control and cold plasma treated samples are summarized in Fig 
3.1.3. Thirumdas et	al. (2015) revealed that ash concentration 
decreases as a result of mineral components leaching into the 
soaking water during treatment. While T1 and T2 showed a 
drop in ash content of 16.7% and 14.1%, respectively, there was 
a 19% decrease in ash content in C2 and crude protein increased 
in T1 by 16.3% and T2 by 17.3%, respectively. On the other hand, 
a 1.8% increase in the soaked sample was observed in contrast 
to control C1. Initial stages of plasma processed air bubbling 
treated samples have reduced ash content because of signi�icant 
mineral leaching. On the other hand, a rise in ash and protein 
content overexposure time may be brought on by plasma 
reactive species.
The crude �iber content of control and cold plasma treated 
samples are summarized in Fig 3.1.4. The crude �iber of control 
whole grain (2.918-2.942%) was found to be higher than 
dehulled grain (2.455-2.531%) and �lour (2.334-2.454%) 
packed in MPP. The crude �iber decreased signi�icantly (p<0.05) 
after cold plasma treatment for all samples, with a substantial 
decrease in whole grain (2.658-2.732%), dehulled grain (2.245-
2.279%), and �lour (2.236-2.248%) samples treated for 10 min 
at 30kv packed in MPP. There was a signi�icant (p<0.05) 
decrease in crude �iber content in treated samples than control 
samples. Reduction in crude �iber in samples treated with 
plasma, potentially as a result of highly active plasma species 
breaking down complex �ibrous structures produced during 
treatment. Popescu et	al. (2011) said that the plasma-processed 
air bubbling treatment increased the crude �iber content, 
whereas soaking increased it in contrast with C1. According to 
earlier research, reactive species created during treatment may 
contribute to the breakdown of �ibrous structures.

3.2	 Effect	 of	 cold	 plasma	 treatment	 on	 chemical	
composition:	Shelf life studies of millets are a critical facet of 
food preservation and safety to be considered for storage. The 
shelf life analysis such as acid value, free fatty acids, peroxide 
value, and water activity was done for control whole grain, 
dehulled grain, and control dehulled �lour and cold plasma 
treated pearl millet whole grain, dehulled and dehulled �lour 
were packed in metalized polypropylene (MPP) and low-
density polyethylene (LDPE) at ambient temperature and 
stored for 90 days.
The acid value and FFA of control and cold plasma-treated 
samples are summarized in Tables 3.2.1 and 3.2.2. The acid 
value of control whole grain (3.180-20.538mg KOH/100g) was 
f o u n d  t o  b e  l o w e r  t h a n  d e h u l l e d  g r a i n ( 2 . 4 1 5 -
23.820mgKOH/100g) and �lour (2.381-25.291mgKOH/100g) 
packed in MPP. The acid value lowered considerably (p<0.05) 
after cold plasma treatment for all samples, with a major drop 
seen in whole grain (1.675-18.151mgKOH/100g), dehulled 
grain(1.116-23.162mgKOH/100g)and � lour (1 .113-
23.651mgKOH/100g)samples treated for 10 min at 25kv 
packed in MPP. 
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grain (8.135-28.426%), dehulled grain(7.524-30.112%), and 
�lour(7.497-33.628%)samples treated for 10 min at 25kv 
packed in MPP. There was an increase in lipase and lipoxygenase 
activity in all the control and treated samples among both types 
of packaging. However, the increase was less observed in treated 
samples than in control samples. Vinuthaet	al. (2022) examined 
how these heat treatments affected the hydrolytic and oxidative 
rancidity processes in �lour that had been kept. When 
hydrothermal (HTh) and thermal near-infrared radiation 
(thNIR) treated �lour was compared to the individual 
treatments, there was a signi�icant drop in the enzyme activity 
of lipase (47.8%), lipoxygenase (84.8%), peroxidase (98.1%) 
and polyphenol oxidase (100%). After 90 days of storage, �lour 
treated with HT-HTh-thNIR showed a decrease in free fatty acid 
and peroxide concentrations of 67.84% and 66.4%, respectively.

CONCLUSION
Despite having excellent nutritious qualities, pearl millet isn't 
utilized much because of its short shelf life. Both nutritional and 
shelf life parameters have changed signi�icantly (p < 0.05) in the 
cold plasma. On the other hand, it signi�icantly affects lipase and 
lipoxygenase activities. As a result of the cold plasma 
treatment's plasma reactive species. In particular, cold plasma 
packed in MPP at 25 kV for 10 minutes demonstrated superior 
control over shelf life characteristics compared to 30 kV for 10 
minutes in MPP. Lipase and lipoxygenase inhibition rises with 
exposure duration. In whole grain, dehulled grain, and �lour, the 
nutritional indices such as moisture and fat increased 
dramatically, while ash, protein, and crude �iber did not vary 
signi�icantly. After being stored for 90 days, the whole grain, 
dehulled grain, and �lour of pearl millet all had signi�icant 
changes in their shelf life characteristics, including controlled 
acid value, free fatty acids, peroxide value, water activity, lipase, 
and lipoxygenase activity ranges. It has been determined that 
treating pearl millet with cold plasma can extend its shelf life by 
up to ninety days. The food industry views cold plasma 
technology as a promising technology due to its low cost, 
�lexibility in large-scale system application, environmentally 
benign feed gases, and effective processing. This novel non-
thermal technique can be applied by the whole grain processing 
sectors to improve the features, applications, and quality of new 
food products.

As a result, for the course of the 90-day storage period, the water 
activity of the RTE-BC kept in the Metalized Pouch remained 
within the allowed range (>0.5).

3.3	Effect	of	cold	plasma	treatment	on	enzymatic	activity	
during	 storage:	 The lipase and lipoxygenase enzymes are 
responsible for the rancidity of pearl millet grain and �lour 
during storage. Because, Pearl millet has a high-fat content, 
lipase and lipoxygenase activity increase with an increase in 
moisture, acid value, free fatty acids, and peroxide. The 
enzymatic analysis was done for control whole grain, dehulled 
grain, and control dehulled �lour, and cold plasma treated pearl 
millet whole grain, dehulled and dehulled �lour were packed in 
metalized polypropylene (MPP), and low-density polyethylene 
(LDPE) at ambient temperature and stored for 90 days.
 The lipase and lipoxygenase activity of control and cold plasma-
treated samples are summarized in Tables 3.3.1 and 3.3.2. The 
lipase activity of control whole grain (37.650-49.163Meq/ml) 
was found to be lower than dehulled grain(28.244-
52.339Meq/ml)and �lour (27.455-54.823Meq/ml)packed in 
MPP. The lipase activity lowered respectively (p<0.05) after cold 
plasma treatment for all samples, with a signi�icant decrease in 
whole grain (17.352-44.020Meq/ml), dehulled grain(14.190-
47.309Meq/ml)and �lour(12.581-48.728Meq/ml)samples 
treated for 10 min at 25kv packed in MPP. Bhargav et	al. (2021) 
indicated to decrease in lipolysis in pearl millet genotypes with 
different seed coat colors like purple, white, and black by 
deactivating lipases. Microwaves produce uniform heating of 
the grain and a 26% reduction in lipases in dhanshakti and 4% 
in WGI-100. The purple Pusa Purple 1 cultivar demonstrated a 
23% increase in lipase activity when microwaved. In 
dhanshakti, decortication resulted in a 6% reduction in lipase 
activity and nutritional loss. In dhanshakti, vacuum packaging 
raised lipase activity by 35%, whereas in WGI-100, it increased 
by 20%. The purple variant displayed a 20% drop in lipase 
activity. Out of the three types that are not treated, Pusa Purple 1 
is the best.
 While the lipoxygenase activity of control whole grain(17.147-
33.980%) was found to be lower than dehulled grain(15.941-
38.941%)and �lour (15.732-42.979%)packed in MPP. The 
lipase activity lowered respectively (p<0.05) after cold plasma 
treatment for all samples, with a signi�icant decrease in whole 

Table	3.1.1	Moisture	content	of	control	and	treated	pearl	millet	grain	and	�lour	during	shelf	life	study

Note:	Values	are	expressed	as	mean	±	standard	deviation	of	three	determinations	Means	within	the	same	column		followed	by	a	common	letter	do	not	differ	signi�icantly	at	
(p	≤	0.05).
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Table3.1.2	Fat	content	of	control	and	treated	pearl	millet	grain	and	�lour	during	shelf	life	study

Note:	Values	are	expressed	as	mean	±	standard	deviation	of	three	determinations	Means	within	the	same	column	followed	by	a	common	letter	do	not	differ	signi�icantly	at	
(p	≤	0.05)

Figure	3.1.3Ash	and	protein	content	of	control	and	treated	pearl	millet	grain	and	�lour	during	shelf	life	study
Figure	3.1.3	Crude	�iber	of	control	and	treated	pearl	millet	grain	and	�lour	during	shelf	life	study

Table	3.2.1	Acid	value	of	control	and	treated	pearl	millet	grain	and	�lour	during	shelf	life	study

Note:	Values	are	expressed	as	mean	±	standard	deviation	of	three	determinations	Means	within	the	same	column	followed	by	a	common	letter	do	not	differ	signi�icantly	at	
(p	≤	0.05).

Table	3.2.2	Free	fatty	acids	of	control	and	treated	pearl	millet	grain	and	�lour	during	shelf	life	study

Note:	Values	are	expressed	as	mean	±	standard	deviation	of	three	determinations	Means	within	the	same	column	followed	by	a	common	letter	do	not	differ	signi�icantly	at	
(p	≤	0.05).



	©	2024	AATCC	Review.	All Rights Reserved. 159.

C.	J.	Gnananethri	et	al.,	/	AATCC	Review	(2024)

Table	3.2.3	Peroxide	value	of	control	and	treated	pearl	millet	grain	and	�lour	during	shelf	life	study

Note:	Values	are	expressed	as	mean	±	standard	deviation	of	three	determinations	Means	within	the	same	column	followed	by	a	common	letter	do	not	differ	signi�icantly	at	
(p	≤	0.05).

Table	3.2.4	Water	activity	of	control	and	treated	pearl	millet	grain	and	�lour	during	shelf	life	study

Note:	Values	are	expressed	as	mean	±	standard	deviation	of	three	determinations	Means	within	the	same	column	followed	by	a	common	letter	do	not	differ	signi�icantly	at	
(p	≤	0.05).

Table	4.19	Lipase	activity	of	control	and	treated	pearl	millet	grain	and	�lour	during	shelf	life	study

Note:	Values	are	expressed	as	mean	±	standard	deviation	of	three	determinations	Means	within	the	same	column	followed	by	a	common	letter	do	not	differ	signi�icantly	at	
(p	≤	0.05).
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Table	4.20	Lipoxygenase	activity	of	control	and	treated	pearl	millet	grain	and	�lour	during	shelf	life	study

Note:	Values	are	expressed	as	mean	±	standard	deviation	of	three	determinations	Means	within	the	same	column	followed	by	a	common	letter	do	not	differ	signi�icantly	at	
(p	≤	0.05).

CWG-Control whole grain; CDG-Control dehulled grain; CDF-
Control dehulled �lour; 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 
�lour 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 
�lour at 25kv for 10min; LDPE-Low density polyethylene; MPP-
Metalized polypropylene.
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