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Abstract

Pearl millet was subjected to air plasma bubbling along with soaking to enhance HCI extractable iron by
reducing phytic acid content. The pearl millet was soaked for 11 h and 10 h followed by plasma bubbling
(1 and 2 h) at input voltage 180 V and 10 Iph flow rate. A 64.9% and 70.93% of reduction in phytic acid
was observed with treatments. The total iron content was reduced while HCI extractable iron content
improved by 68% and 59% with 1 h and 2 h exposure time. The significant changes (p< 0.05) in pearl
millet’s physical, nutritional, and techno-functional properties were noticed with plasma exposure. The
present study shows the potential of plasma exposure along with soaking for reducing phytic acid
content, improving free iron, and ameliorating techno-functional properties of pearl millet.
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1. Introduction

Pearl millet is one among the most cultivated grains and stands fourth among the world
tropical cereal grains (Sene et al. 2018) 3, Two predominant pearl millet producing areas are
Asia and Africa (Jukanti et al. 2016) ['%. Pearl millet is drought and heat tolerant crop which
can adapt to a various environmental conditions (Sene et al. 2018) B3 Pearl millet has
excellent nutritive value with high contents of fat, protein, and minerals in comparison with
other major cereals like wheat, rice, and maize. The pearl millet protein comprises lysine and
methionine (>40%), threonine (>30%) than maize protein (Krishnan and Meera 2018; Sene et
al. 2018) [ 2311t composed 4-39.71 mg/100 g of iron content based on the cultivar and grain
fractions (Krishnan and Meera 2018; Tripathi and Platel 2013) I** 31, Though it is rich in iron,
the bioaccessibility of iron in pearl millet is merely 0.39 mg/100 g, due to the presence of anti-
nutrient phytic acid (Tripathi and Platel 2013) 81, Thus, it is essential to decrease lessen the
phytic acid to improve the free and extractable iron, which possess high absorption in the body
(Krishnan and Meera 2018) (%1, The accumulation of phytic acid primarily occurs in the
aleurone layer of pearl millet (Jukanti et al. 2016) [%. It can bind with multivalent minerals
such as iron which aids in lowering their bioavailability (Kumari et al. 2015) [*31. Sp, it is
essential to explore the new techniques which enhance the phytic acid reduction and enhances
mineral availability.

Cold plasma is one of the nonthermal strategies picking up significance in these days
particularly in food applications. As a result of its exceptionally receptive and self-quenching
nature, the plasma responsive species have the possibility to address safety, nutrition and
quality issues of food (Perinban et al. 2019; Potluri et al. 2018) 125281, The atmospheric plasma
is primarily composed of oxygen (O, O*, Oz, O3) and nitrogen (N*, N> -, NO*) reactive
species (Ratish Ramanan et al. 2018) %], These active plasma species are capable of inducing
changes in morphology, composition and functionality of the product (Misra et al. 2018) 29,
At the point when the air plasma is bubbled into the water the reaction of plasma receptive
species with fluid medium electrolyzes the water particles. It then forms several plasma active
species including acids such as nitrous acid, nitric acid, hydrogen peroxide. This brings down
pH and elevates conductivity of the fluid medium which thusly improves the impact of plasma
species on the sample (Perinban et al. 2019; R. Zhou et al. 2018) [?5421,
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In the present work, plasma was given in combination with
soaking to improve its adequacy on the pearl millet. The
phytic acid, total and HCI extractable iron along with changes
in the physical, chemical, and techno-functional properties of
the pearl millet with treatments were analyzed.

2. Materials and Methods

2.1 Sample collection

Pearl millet was obtained from supermarket (Thanjavur,
Tamilnadu) was cleaned by setting them free from dust and
foreign materials. The fresh sieved pearl millet was filled in
polyethylene covers and stored at ambient temperature (30+2
Q).

2.2 Air plasma bubbling system

An indigenously developed plasma bubbling system of DBD
type (dielectric barrier discharge) was used for treating pearl
millet (Aparajhitha and Mahendran 2019) El. The atmospheric
air was employed as the input gas. The flow rate and voltage
of plasma were controlled by the voltage regulator. Pearl
millet was exposed to an input voltage of 180 V with an
airflow of 10 liters per hour for different exposure times. The
airflow rate and voltage used in the current study were
optimized already by Aparajhitha and Mahendran (2019) &1,

2.3 Sample preparation and treatments

The sample without any treatment was considered as control
(C). A 12 h soaking period was considered as standard pre-
treatment time for grains (Dipnaik and Bathere 2017) I, By
taking this in consideration the total treatment time was fixed
as 12 hours. The pearl millet was soaked for 11 h followed by
plasma bubbling for 1 h denoted as T1, and the sample soaked
for 10 h along with plasma bubbling (2 h) was indicated as
T2. The water was drained from the pearl millet grains was
dried at 60 °C for 30 min. The pearl millet samples were
analyzed for phytin, total iron, free iron, physicochemical and
techno-functional properties.

2.4 Estimation of phytic acid content

The phytic acid content of samples was assessed using a
spectrophotometer by adopting Wheeler and Ferrel R (1971)
(41 method. The phytic acid in the pearl millet was extracted
by trichloroacetic acid and precipitated in the form of ferric
iron. Phytate phosphorous content in the pearl millet was
estimated from ferric iron content by presuming a 4:6 molar
ratio.

2.5 Total iron and free iron determination

Total iron in the pearl millet was extracted by wet-acid
digestion method using the mixture of nitric acid: perchloric
acid and estimated using the atomic absorption spectroscopy
(Kumar and Chauhan 1993) 4],

The acid extractable iron content was measured by extracting
iron in HCI of 0.03 N (similar to the concentration observed
in the human stomach). The extract was filtered with the
Whatman No. 42 filter paper and oven-dried at temperature of
100° C followed by wet digestion. Atomic absorption
spectroscopy was used to analyse free iron in the digested
sample (Sokrab et al. 2014) 331,

2.6 Estimation of physical properties

The color (L", a°, b") of the pearl millet sample were obtained
by Hunter lab colorimeter (Colourflex EZ model: 45/0 LAV).
The color intensity (AE) was estimated by substituting in the
below equation 1.
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AE = /(AL)? + (Aa)? + (Ab)? (1)

The bulk density of the pearl millet sample was estimated by
recording the weight of a known volume of the sample
according to Falade and Kolawole (2013) (8],

2.7 Analysis of chemical properties

The protein, fat, crude fiber, and ash of the pearl millet
treatments were analysed according to AOAC (2010) . The
moisture content was measured by moisture meter (Mettler
Toledo HES3, Greifensee, Switzerland). Carbohydrate content
was estimated by substituting in below equation 2.

100 - (Crude fat + crude fiber + crude protein + ash +
moisture) 2

The reducing sugar content was measured by employing
McCleary and McGeough (2015) I method.

2.8 Analysis of techno-functional properties

The pearl millet samples were milled into a fine powder to
particle size of 0.5 microns and used for analyzing techno-
functional properties. Water absorption, oil absorption, and
dispersibility were analyzed by adopting Ramashia et al.
(2017) 21 method. The water solubility and swelling capacity
of the pearl millet samples were analysed based on
Kusumayanti et al. (2015) ¢! procedure.

2.9 Statistical analysis

All the analysis was done in triplicate and the obtained data
was expressed as mean + S.D. Data analysis was performed
using SPSS (IBM statistical analysis, version 20.0). DMRT
(Duncan’s multiple range test) was used to determine
significant difference among the treatments using one-way
ANOVA (analysis of variance) test with a 5% significant
level.

3. Result and Discussion

3.1 Phytic acid content of the pearl millet samples

The content of phytic acid in the control was 369.37 mg/100
g. The variations in phytic acid content with soaking and
plasma bubbling was abridged in table 1. A 64.9% and
70.93% decrement in phytic acid was noticed in T1 and T2.
The reduction with soaking and plasma bubbling is due to
improvement of the phytase enzyme activity. The bubbling of
plasma into the sample results in rapid hydrolysis and faster
imbibition of water into millet resulting in enhanced phytase
activity. This leads to the elevation of the phytic acid
degradation to its derivative forms by breaking down the
bonds with minerals and thus improving their bioavailability.
This similar kind of increment in phytase enzyme activity was
observed by Sadhu et al. (2017) % in cold plasma exposed
mung beans.

More reduction in phytin content was obtained with plasma-
treated air bubbling when compared with other techniques
like soaking (15 to 30%) microwave (33.4% to 35.5%),
ultrasound (18.2 to 30.7%), and high-pressure processing (36
to 45.5%) (Deng et al. 2015; Ertas 2013; Linsberger-Martin et
al. 2013; Olika et al. 2019; Sene et al. 2018) [+ 7. 18.22.33]

3.2 Total and free iron content

The alterations in the free and total iron content of the pearl
millet with given treatments are represented in Figure 1. Total
iron in control was obtained to be 39.92 mg/100 g of which
12.6% was in extractable form. The soaking and plasma
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exposure treatments reduced the total content to 28.71 and
28.09 mg/100g. The leaching of iron contents into the soaked
water leads to the reduction in total iron content among
treated samples. A similar decrement in total iron content
among soaked grains was reported in several studies (EIMaki
et al. 2007; Lestienne et al. 2005; Saharan et al. 2001) [6. 7. 301,
The extractability of iron was increased with soaking and
plasma bubbling treatments to 68% in T1 and 58% in T2.
Low extractability in control was due to the antinutrient
phytic acid (Kumari et al. 2015) %1, Reduction in contents of
phytic acid among the treated samples improved the free iron
content which enhances the iron bioavailability (Sadhu et al.
2017) 2°1. The decrement in the extractability of iron with
exposure time in T2 possibly due to leaching of the available
free iron into water or due to development of complexes with
other compounds.

m total iron

u free iron

Iron content (mg/100g)
N
[$)]

C ™ T2
Treatments
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The reactive species and free radicals in plasma increase the
ash content of the sample. Thirumdas et al. (2015) B¢ also
reported a similar result of ash content in plasma-treated
basmati rice. The reducing sugar percentage was improved
from control 1.02% to 4.72% and 4.07% in T1 and T2. The
improvement of reducing sugars with exposure time is due to
high energy plasma species which aids in depolymerization of
starch (Almeida et al. 2015; Sarangapani et al. 2016; Y. Zhou
et al. 2018) 4, The reduction was observed in T2 in contrast
with T1 is because of the discharge of simple sugars into the
soaked water (Urga and Gebretsa 1993) [39],

3.4 Effect of given treatments on physical properties
Alterations in the color and bulk density with the treatments
were given in Table 1. The changes in A E (colour intensity)
of the pearl millet were noticed with the plasma exposure.
The bubbling action of plasma results in leaching of pigments
into soaked water. The bulk density of the pearl millet was
reduced with the given treatment from 0.78 kg/ m® in C to
0.75 and 0.73 kg/ m®in T1 and T2. Bulk density of the sample
is negatively correlated with its moisture content (Handa et al.
2017) 1, Since the increment in moisture was discerned with
given treatments, the bulk density of samples was reduced.

Table 1: The effect of air plasma bubbling with soaking on phytic
acid and physico-chemical properties of pearl millet

Fig 1: The effect of air plasma bubbling in combination with soaking
on the total and free iron content of pearl millet. Vertical bars
represent the standard error of the obtained values.

Treatments: C-control, T1- 11 h soaked and 1 h air plasma
bubbling, T2- 10 h soaked and 2 h air plasma bubbling.

3.3 Changes in chemical properties

Variations in the nutritional properties of the pearl millet with
given treatments were mentioned in Table 1. The control C
has protein content of 11.09%, which decreased to 10.27%
initially in T1 and increased to 11.8% with treatment time T2.
Free radicals and reactive species in plasma increase the non-
protein nitrogen content resulting in an increment in protein.
A similar increment in protein was perceived by Thirumdas et
al. (2015) B¢ with exposure time in plasma-treated basmati
rice. No significant changes were noticed in crude fat content
with the given treatments. Whereas reduction in carbohydrate
content observed among treated samples from 69.44% in
control to 69.29 and 68.36% in T1 and T2 respectively. The
decrement possibly because of leaching of soluble
carbohydrates into the soaked water during plasma bubbling.
The leaching out of these soluble starches water leads to
penetration of soaked water into pearl millet samples (Pankaj
et al. 2018) 1. As an outcome, the moisture content was
improved with the treatment time in pearl millet from 10.09%
in control to 10.65% and 10.78% in T1 and T2 respectively.
Crude fiber content was observed as 2.09% in control. It was
improved by 2.58% at the initial stages of treatment in T1
whereas a reduction of 1.89% occurred with treatment time in
T2. The decrement with treatment time is due to the
degradation of fibrous structures by the action of highly
reactive plasma spices (Obadina et al. 2017; Vasishtha and
Srivastava 2013) 2% 401, Plasma exposure improved the ash
content from 1.55% in C to 1.20% and 1.25% in T1 and T2.

Parameters C T1 T2
Phvtic aci 369.37 + b a
ytic acid (mg/100 g) 17.19°¢ 115.35+13.43°| 95.65 + 10.3

Protein (%) 11.09+0.00% 10.75+0.062 11.82+0.07¢

Fat (%) 5.72+0.062| 5.51+0.172 5.87+0.17%"
Carbohydrate (%) [69.44+0.10% 69.29+0.07° 68.36+0.082
Moisture (%) 10.09+0.024 10.65+0.12° 10.78+0.02¢
Crude fiber (%) 2.09+0.06°| 2.58+0.03¢ 1.89+0.032
Ash (%) 1.55+0.02¢| 1.20+0.002 1.25+0.00°
Reducing sugars (%) |1.02+0.01%| 4.72+0.06° 4.07+0.06P
AE - 2.34+0.112 1.99+0.06°

Bulk density (kg/ m3) |0.78+0.00°| 0.75+0.00° 0.73+0.012

The data mentioned above were expressed in mean + standard
deviations of triplicate samples (on a dry weight basis).
Different superscript letters in each row differ significantly
from each other (p< 0.05), as evaluated by Duncan’s multiple
range test. Treatments: C-control, T1- 11 h soaked and 1 h air
plasma bubbling, T2- 10 h soaked and 2 h air plasma
bubbling.

3.5 Effect of given treatments on techno-functional
properties

The variations in techno-functional properties with soaking
and plasma bubbling are represented in Table 2. Alterations in
the starch and protein structure of sample reflects on its water
and oil absorption (Kajihausa et al. 2014) [ Given
treatments improved the water absorption and oil absorption
of the samples in T1 and T2 by 29% and 37% in comparison
with control. Plasma treatment improves the number of active
sites by inducing cross-linkages in starch and also alters
protein’s secondary structure leading to increment in water
absorption and an oil absorption of the sample (Pal et al.
2016; Thirumdas et al. 2017) 1. The swelling capacity of
treated pearl millet increased by 8% in T1, whereas plasma
exposure time reduced swelling capacity by 13% in T2. The
loosening or damage of the structural compounds due to
plasma active species causes a decrement in T2. Similar
results were obtained by Sarangapani et al. (2017) B2 in
plasma-treated parboiled rice. The solubility of treated
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samples enhanced by 18 and 28% in T1 and T2 in contrast
with C. These changes were identified due to the damage of
complex structures to soluble components like amylose and
amylopectin by the action of plasma reactive species (Kim et
al. 2019; Sarangapani et al. 2016) *4, Particle size of the flour
impacts the dispersibility of the sample. Since the soaking
combined with plasma exposure resulted in more reduction of
particle size (Silveira et al. 2019) 34, dispersibility of pearl
millet increased by 77 and 79% in comparison with control.

Table 2: The effect of air plasma bubbling in combination with
soaking on techno-functional properties of pearl millet

Parameters C T1 T2
Water absorption (ml/g) | 1.11+0.02% | 1.4440.02° | 1.53+0.02°
Oil absorption (ml/g) 1.06+0.00% | 1.28+0.00° |1.41+0.02°
Swelling capacity (g/g) | 0.23+0.00° | 0.25+0.01P | 0.20+0.022
Solubility (9/9) 1.81+1.53* | 2.15+1.31° |2.32+1.51°
Dispersibility (%) 72.16+0.28? | 77.83+0.76P | 79.5+0.50°

The data mentioned above were expressed in mean * standard
deviations of triplicate samples (on a dry weight basis).
Different superscript letters in each row differ significantly
from each other (p< 0.05), as evaluated by Duncan’s multiple
range test.

Treatments: C-control, T1- 11 h soaked and 1 h air plasma
bubbling, T2- 10 h soaked and 2 h air plasma bubbling.

4. Conclusion

The air plasma bubbling along with soaking is an effective
technique in reducing the phytic acid by improving free iron
content. A higher reduction (70.93%) of phytic acid content
was noticed at 2 hr bubbling with 10 h soaking and greater
HCI extractable iron content (68%) was noticed at 1 h
bubbling with 11 h soaking. The significant variations (p <
0.05) were observed in color, bulk density, carbohydrate,
reducing sugars, protein, ash, moisture, fiber, water and oil
absorption, swelling capacity, solubility, and dispersibility of
treated pearl millet. In conclusion, plasma bubbling under
optimized conditions can improve the bioavailability of the
minerals by reducing the anti-nutrients and providing better

quality.

5. References

1. Almeida FDL, Cavalcante RS, Cullen PJ, Frias JM,
Bourke P, Fernandes FAN et al. Effects of atmospheric
cold plasma and ozone on prebiotic orange juice.
Innovative Food Science and Emerging Technologies
2015;32:127-135.
https://doi.org/10.1016/j.ifset.2015.09.001

2. AOAC. Official methods of analysis. Washington, DC:
Association of Official Analytical Chemists 2010.

3. Aparajhitha S, Mahendran R. Effect of plasma bubbling
on free radical production and its subsequent effect on the
microbial and physicochemical properties of Coconut
Neera. Innovative Food Science and Emerging
Technologies 2019;58:102230.
https://doi.org/10.1016/j.ifset.2019.102230

4. Deng Y, Padilla-Zakour O, Zhao Y, Tao S. Influences of
High Hydrostatic Pressure, Microwave Heating, and
Boiling on Chemical Compositions, Antinutritional
Factors, Fatty Acids, In Vitro Protein Digestibility, and
Microstructure of Buckwheat. Food and Bioprocess
Technology 2015;8(11):2235-2245.
https://doi.org/10.1007/s11947-015-1578-9

10.

11.

12.

13.

14.

15.

16.

17.

~ 1044~

http://www.chemijournal.com

Dipnaik K, Bathere D. Effect of soaking and sprouting on
protein content and transaminase activity in pulses.
International Journal of Research in Medical Sciences
2017;5(10):4271. https://doi.org/10.18203/2320-
6012.ijrms20174158

EIMaki HB, Abdel Rahaman SM, Idris WH, Hassan AB,
Babiker EE, ElI Tinay AH. Content of antinutritional
factors and HCl-extractability of minerals from white
bean (Phaseolus vulgaris) cultivars: Influence of soaking
and/or cooking. Food Chemistry 2007;100(1):362-368.
https://doi.org/10.1016/j.foodchem.2005.09.060

Ertas N. Dephytinization processes of some legume seeds
and cereal grains with ultrasound and microwave
applications. Legume Research 2013;36(5):414-421.
Falade KO, Kolawole TA. Effect of y-irradiation on
colour, functional and physicochemical properties of
pearl millet [Pennisetum glaucum (L) R. Br.] cultivars.
Food and bioprocess technology 2013;6(9):2429-2438.
https://doi.org/10.1007/s11947-012-0981-8

Handa V, Kumar V, Panghal A, Suri S, Kaur J. Effect of
soaking and germination on physicochemical and
functional attributes of horse gram flour. Journal of Food
Science and Technology 2017;54(13):4229-4239.
https://doi.org/10.1007/s13197-017-2892-1

Jukanti AK, Gowda CLL, Rai KN, Manga VK, Bhatt
RK. Crops that feed the world 11. Pearl Millet
(Pennisetum glaucum L.): an important source of food
security, nutrition and health in the arid and semi-arid
tropics Food Security 2016;8(2):307-329.
https://doi.org/10.1007/s12571-016-0557-y

Kajihausa OE, Fasasi RA, Atolaghe YM. Effect of
Different Soaking Time and Boiling on the Proximate
Composition and Functional Properties of Sprouted
Sesame Seed Flour. Nigerian Food Journal 2014;32(2):8-
15. https://doi.org/10.1016/s0189-7241(15)30112-0

Kim SY, Lee SY, Min SC. Improvement of the
Antioxidant Activity, Water Solubility, and Dispersion
Stability of Prickly Pear Cactus Fruit Extracts Using
Argon Cold Plasma Treatment. Journal of Food Science
2019;84(10):2876-2882.  https://doi.org/10.1111/1750-
3841.14791

Krishnan R, Meera MS. Pearl millet minerals: effect of
processing on bioaccessibility. Journal of Food Science
and Technology 2018;55(9):3362-3372.
https://doi.org/10.1007/s13197-018-3305-9

Kumar A, Chauhan BM. Effect of Phytic Acid on Protein
Digestibility (in vitro) and HCI-Extractability of Minerals
in Pearl Millet Sprouts. Cereal chemistry 1993;70(5):504-
506.

Kumari S, Krishnan V, Jolly M, Sachdev A. Reduction in
phytate levels and HCl-extractability of divalent cations
in soybean (Glycine max L.) during soaking and

germination. Indian Journal of Plant Physiology
2015;20(1):44-49.  https://doi.org/10.1007/s40502-014-
0132-5

Kusumayanti H, Handayani NA, Santosa H. Swelling
Power and Water Solubility of Cassava and Sweet
Potatoes Flour. Procedia Environmental Sciences
2015;23:164-167.
https://doi.org/10.1016/j.proenv.2015.01.025

Lestienne |, Icard-Verniere C, Mouquet C, Picq C,
Tréche S. Effects of soaking whole cereal and legume
seeds on iron, zinc and phytate contents. Food Chemistry
2005;89(3):421-425.
https://doi.org/10.1016/j.foodchem.2004.03.040


http://www.chemijournal.com/

International Journal of Chemical Studies

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Linsberger-Martin G, Weiglhofer K, Thi Phuong TP,
Berghofer E. High hydrostatic pressure influences
antinutritional factors and in vitro protein digestibility of
split peas and whole white beans. LWT - Food Science
and Technology 2013;51(1):331-336.
https://doi.org/10.1016/j.lwt.2012.11.008

McCleary BV, McGeough P. A comparison of
polysaccharide substrates and reducing sugar methods for
the measurement of endo-1,4-B-xylanase. Applied
Biochemistry and Biotechnology 2015;177(5):1152-
1163. https://doi.org/10.1007/s12010-015-1803-z

Misra NN, Yong HI, Phalak R, Jo C. Atmospheric
pressure cold plasma improves viscosifying and emulsion
stabilizing  properties of xanthan gum. Food
Hydrocolloids 2018;82:29-33.
https://doi.org/10.1016/j.foodhyd.2018.03.031

Obadina AO, Arogbokun CA, Soares AO, de Carvalho
CWP, Barboza HT, Adekoya 10. Changes in nutritional
and physico-chemical properties of pearl millet
(Pennisetum glaucum) Ex-Borno variety flour as a result
of malting. Journal of Food Science and Technology
2017;54(13):4442-4451. https://doi.org/10.1007/s13197-
017-2922-z

Olika E, Abera S, Fikre A. Physicochemical properties
and effect of processing methods on mineral composition
and antinutritional factors of improved chickpea (Cicer
arietinum L.) Varieties Grown in Ethiopia. International
Journal of Food Science 2019.
https://doi.org/10.1155/2019/9614570

Pal P, Kaur P, Singh N, Kaur AP, Misra NN, Tiwari BK
et al. Effect of nonthermal plasma on physico-chemical,
amino acid composition, pasting and protein
characteristics of short and long grain rice flour. Food
Research International 2016;81:50-57.
https://doi.org/10.1016/j.foodres.2015.12.019

Pankaj SK, Wan Z, Keener KM. Effects of cold plasma
on food quality: A review. Foods 2018;7(1):4.
https://doi.org/10.3390/foods7010004

Perinban S, Orsat V, Raghavan V. Nonthermal Plasma—
Liquid Interactions in Food Processing: A Review.
Comprehensive Reviews in Food Science and Food
Safety 2019;18(6):1985-2008.
https://doi.org/10.1111/1541-4337.12503

Potluri S, Sangeetha K, Santhosh R, Nivas G, Mahendran
R. Effect of low-pressure plasma on bamboo rice and its
flour. Journal of Food Processing and Preservation
2018;42(12):1-7. https://doi.org/10.1111/jfpp.13846
Ramashia SE, Gwata ET, Anyasi TA, Jideani AlO. Some
physical and functional properties of finger millet
(Eleusine coracana) obtained in sub-Saharan Africa.
Food Research International  2017;104:110-118.
https://doi.org/10.1016/j.foodres.2017.09.065

Ratish Ramanan K, Sarumathi R, Mahendran R.
Influence of cold plasma on mortality rate of different life
stages of Tribolium castaneum on refined wheat flour.
Journal of Stored Products Research 2018;77:126-134.
https://doi.org/10.1016/j.jspr.2018.04.006

Sadhu S, Thirumdas R, Deshmukh RR, Annapure US.
Influence of cold plasma on the enzymatic activity in
germinating mung beans (Vigna radiate). LWT - Food
Science and Technology 2017;78:97-104.
https://doi.org/10.1016/j.1wt.2016.12.026

Saharan K, Khetarpaul N, Bishnoi S. HCl-extractability
of minerals from ricebean and fababean: Influence of
domestic processing methods. Innovative Food Science

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

~ 1045~

http://www.chemijournal.com

and Emerging  Technologies  2001;2(4):323-325.
https://doi.org/10.1016/S1466-8564(01)00044-3
Sarangapani C, Thirumdas R, Devi Y, Trimukhe A,
Deshmukh RR, Annapure US. Effect of low-pressure
plasma on physico-chemical and functional properties of
parboiled rice flour. LWT - Food Science and
Technology 2016;69:482-489.
https://doi.org/10.1016/j.1wt.2016.02.003

Sarangapani C, Yamuna Devi R, Thirumdas R, Trimukhe
AM, Deshmukh RR, Annapure US. Physico-chemical
properties of low-pressure plasma treated black gram.
LWT - Food Science and Technology 2017;79:102-110.
https://doi.org/10.1016/j.1wt.2017.01.017

Sene S, Gueye MT, Sarr F, Diallo Y, Sow MS, Faye A et
al. Parboiling Effect on Phytate Contains of Two
Senegalese Pearl Millet Varieties (Pennisetum glaucum
[L.] R.Br) GB 87-35 and ICRITABI. Journal of
Nutrition Health & Food Science 2018;6(6):1-6.
https://doi.org/10.15226/jnhfs.2018.001145

Silveira MR, Coutinho NM, Rocha RS, Moraes J,
Esmerino EA, Pimentel TC et al. Guava flavored whey-
beverage processed by cold plasma: Physical
characteristics, thermal behavior and microstructure.
Food Research International  2019;119:564-570.
https://doi.org/10.1016/j.foodres.2018.10.033

Sokrab AM, Mohamed Ahmed IA, Babiker EE. Effect of
fermentation on antinutrients, and total and extractable
minerals of high and low phytate corn genotypes. Journal
of Food Science and Technology 2014;51(10):2608-
2615. https://doi.org/10.1007/s13197-012-0787-8
Thirumdas R, Deshmukh RR, Annapure US. Effect of
low temperature plasma processing on physicochemical
properties and cooking quality of basmati rice. Innovative
Food Science and Emerging Technologies 2015;31:83-
90. https://doi.org/10.1016/j.ifset.2015.08.003

Thirumdas R, Kadam D, Annapure US. Cold Plasma: an
Alternative Technology for the Starch Modification.
Food Biophysics 2017;12(1):129-139.
https://doi.org/10.1007/s11483-017-9468-5

Tripathi B, Platel K. Feasibility in fortification of
sorghum (Sorghum bicolor L. Moench) and pearl millet
(Pennisetum glaucum) flour with iron. LWT - Food
Science and Technology 2013;50(1):220-225.
https://doi.org/10.1016/j.1wt.2012.05.025

Urga K, Gebretsa M. The effect of soaking time and
soaking solution on the nutritional quality of grass pea
seeds. Ethiopian Journal of Health Development 1993,
7(8).

Vasishtha H, Srivastava RP. Effect of soaking and
cooking on dietary fibre components of different type of
chickpea genotypes. Journal of Food Science and
Technology 2013;50(3):579-584.
https://doi.org/10.1007/s13197-011-0366-4

Wheeler EL, Ferrel RE. A method for Phytic Acid
Determination in Wheat and Wheat Fractions. Cereal
Chemistry 1971.

Zhou R, Zhou R, Prasad K, Fang Z, Speight R, Bazaka K,
Ostrikov K. Cold atmospheric plasma activated water as
a prospective disinfectant: The crucial role of
peroxynitrite. Green Chemistry 2018;20(23):5276-5284.
https://doi.org/10.1039/c8gc02800a

Zhou Y, Yan Y, Shi M, Liu Y. Effect of an atmospheric
pressure plasma jet on the structure and physicochemical
properties of waxy and normal maize starch. Polymers
2018, 11(1). https://doi.org/10.3390/polym11010008


http://www.chemijournal.com/

