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Abstract: This study is aimed to investigate and compare the
physicochemical and sensory quality parameters which are
associated with the freshness of the developed Custard apple
juice milk beverage (CAJMB) subjected to cold plasma (CP)
technology. The developed beverage was subjected to CP
generated from two different configurations of Dielectric Barrier
Discharge plasma (DBD) viz., High Voltage Atmospheric Cold
Barrier Discharge plasma system (HV ACBD plasma system)
and High Voltage Cold Barrier Discharge (HVCBD) Plasma torch/
Gun using Argon gas. The treatments were performed for
different processing times (2 & 3 min) at an applied voltage
gradient of 35 kV and 30 kV respectively. The treatments did not
have any potential change in the sensorial quality attributes
evaluated immediately after processing compared to untreated
control sample. However, a noteworthy difference was observed
in pH and titratable acidity after processing, directly proportional
to increase in treatment conditions concerning voltage and
processing time. The pH and acidity at defined intervals during
storage showed a slow rate of reduction as compared to the
control. In the control sample levels of pH and acidity reached
to an unacceptable range in 3 to 5 days of storage, due to the
formation of lactic acid by subsequent microbial growth.
Whereas, CP treated sample using HV ACBD plasma system at
35kV for 3min exhibited promising results among other treatments
and remained stable at refrigerated condition, with pH and acidity
levels within the expected acceptable range for 9 to 10 days of
storage.

Keywords: Cold plasma, Dielectric Barrier Discharge (DBD),
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Introduction

The demand for healthier minimally processed ready-to-drink
(RTD) fresh fruit beverages with new choices and flavours is
constantly increasing in the market. This is especially for
combinations of fruit juices and milk with natural and added
vitamins, minerals and fiber, which are consumed as functional
foods in recent times. Milk contains lactose, fatty acids, proteins
and various micronutrients such as minerals and trace elements.
Therefore, the hazard of contamination by spoilage-causing and
infective microbes in milk and fruit-based RTD beverages is of
apprehension because these are consumed without any further
processing after purchase from retailers. Custard apple (Annona
squamosa) is a climacteric and very perishable fruit with 2 or 3
days of shelf life when ripened (Solanke et al. 2019). But it is a
great source of iron, phosphorous, potassium and vitamin C.
Also, it has numerous medicinal and nutritional factors containing
a pool of sodium, magnesium, ascorbic acid, fiber and sugars,
etc., with excellent antioxidant activity (Solanke et al. 2019). Thus,
there is a necessity to utilize the nutritional as well as relish its
flavour in the form of value-added food products to reduce post-
harvest losses. Various value-added products of custard apple
such as jams, ice creams, squash, crush, nectars, etc., which are
highly processed are on market (Solanke et al. 2019). Milk
beverages are generally thermally processed by pasteurization,
retort processing and sterilization which improves the product
safety and shelf life by destroying the microbial population. But
these heat treatments lead to denaturation of essential proteins,
non-enzymatic browning, nutritional loss, and higher alterations
in the quality attributes including physicochemical and sensorial
parameters (Pan et al. 2019). For such reasons, there is an essential
need for non-thermal processing interventions. In current times,
many non-thermal techniques such as Pulsed Electric Field (PEF),
High Pressure Processing (HPP), Ultraviolet (UV) and
Ultrasonication (US), and Ozone treatments were highly explored
to increase the keeping quality of the food product while
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maintaining the quality characteristics of the treated food
(Coutinho et al. 2018).

Cold Plasma (CP) is a newly emerging technology that is explored
in recent periods among the other novel nonthermal technologies
for the destruction of microbes and as a complementary to thermal
techniques (Liao et al. 2017). Plasma is often described as the
fourth state of matter with increasing energy from the gaseous
state to energized plasma state containing elements like Reactive
Oxygen Species (ROS), Reactive Nitrogen Species (RNS), positive
ions, negatively charges atoms, neutrals, UV, free radicals, etc.,
(Liao et al. 2017). The element generated from plasma is reported
to be the cause of the microbial inactivation but which element is
particularly responsible and also the principle behind the influence
of CP on Physico-chemical properties, interaction with
biomolecules, Etc. are still under study (Coutinho et al. 2018).
Two types of plasma have been classified as thermal and non-
thermal plasma differentiated by their thermal equilibrium between
ions and electrons. In non-thermal plasma the ions and electrons
are in thermal equilibrium hence it is maintained at almost room
temperature making it practically cold, which we can touch with
bear hands thus causing no damage to the subjected food
products but affecting the membranes of micro-organisms due
to their relatively smaller cell size and structure (Surowsky et al.
2015). CP is generated by applying very high voltage to gas
molecules. This high power can be generated by different means
viz., alternating or direct current, microwaves, radio frequency,
pulsed power source, etc., (Montejano et al. 2019). Various
configurations and device geometries have been proposed for
cold plasma generation among which Atmospheric pressure
plasma (ACP) by Dielectric Barrier Discharge (DBD) system with
symmetric electrode geometry and plasma jet/ plasma torch are
widely explored for processing food products because of their
simple design (Bourke et al. 2018).

Thus, this study mainly aims to evaluate the effect of plasma on
the physico-chemical and sensorial quality parameters and
keeping quality of the developed RTD custard apple juice milk
beverage (CAJMB) using different methods of plasma generation
of DBD viz., High Voltage Atmospheric Cold Barrier Discharge
plasma system (HV ACBD) parallel plate plasma and High Voltage
Cold Barrier Discharge (HV CBD) plasma torch system.

Materials and Methods

Experimental setup and experimental design

Cold plasma treatment of the CAJMB sample was carried out in
two different methods of novel CBD non-thermal plasma systems.
The systems used in this study were High Voltage Atmospheric
pressure CBD plasma system and HV CBD plasma torch/ Gun
(Zeonics Systech Defence and Aerospace Engineers (P) Ltd.,).
The former system setup consists of two parallel plate electrodes
measuring 400×400mm, made of stainless steel. The bottom

electrode is grounded whereas the upper electrode is connected
to a high voltage power supply (50kV, 50Hz) and can be adjusted
according to the size of the sample. About 50 mL of the sample
was poured into the sterile borosil Petri plates of 90mm diameter
and 15.5 mm depth. The depth of the sample was 14.5 mm. the
gap between the high voltage electrode and the surface of the
sample was kept constant at 10mm and the total gap between the
two electrodes was 25.5 mm. The treatments were conducted
with an input voltage of 35kV at two different treatment times (2
min and 3 min). The later system setup consists of two electrodes
made of stainless steel. The upper electrode or the power electrode
is a rod-shaped electrode surrounded by a glass tube acting as
the dielectric in this CBD system. The bottom electrode is a
stainless-steel plate electrode that is connected to the ground.
In this system, argon gas is used as the plasma medium. The
samples were poured into the sterile borosil glass beaker of volume
150mL. The experiment was conducted at 30kV for 2 min and 3
min respectively. The treated samples from both systems were
transferred to sterilized PET bottles using sterile syringes, labelled
and stored at refrigerated conditions until further analysis and
throughout the storage studies.

Preparation of Custard Apple Juice Milk Beverage (CAJMB)

 Fresh custard apple was procured from the local vendors. Custard
apple pulp was prepared according to the procedure of (Ramesh
et al. 2017) with slight modifications. The mucilage and the seed
were separated manually. The pulp was blended using a blender
and was filtered using a muslin cloth and was stored in a separate
sterile PET bottle. The custard apple milk beverage was prepared
by mixing 65% pasteurized cow milk, 35 % custard apple pulp
and 5% of powdered sugar, in a mixing jar and blended well using
a blender (Bakane et al. 2016). The prepared beverage was stored
in sterile PET bottles at 4°±2° C temperature for further non-
thermal plasma processing within 24hrs.

pH

 The pH of the treated and control CAJMB sample was analysed
using a digital hand pH meter (Eco Testr pH 1, Eutech instrument,
OAKTON) after calibrating with pH 4 and pH 7 buffer standards
solutions.

Titratable acidity

 The treated and control CAJMB samples were evaluated for
titratable acidity, 10 ml of sample was taken in a conical flask or
beaker and titrated with 0.1 N sodium hydroxide using
phenolphthalein as an indicator. The endpoint was noted when a
pink color was noticed and persisted for about 30 sec (AOAC
International methods, 1999). the volume of NaOH consumed
was noted and further, the acidity was calculated in terms of
lactic acid and expressed as ml/ L. The titratable acidity was
computed using the relationship in the equation.
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Sensory evaluation

 Sensory evaluation of control and treated samples was done by
a subjective test based on a 9-point hedonic scale (Gupta, 1976).
Instructions were given to the panellists to rinse their mouths
with drinking water after tasting every sample. The panellists
were instructed to examine the sample for the attributes of colour,
mouthfeel and flavour.

Shelf life and storage studies

  The pH and acidity of the stored samples were assayed at steady
intervals of 2 days throughout the storage period.

Statistical analysis

 SPSS version 20 statistical software (SPSS, Inc., United States)
was used for data analysis. All the experiments were done in six
replicates. The statistical differences in the analysed parameters
of the plasma-treated CAJMB samples considering the varying
voltage and treatment time were calculated using Analysis of
variance (ANOVA). Multivariate Duncan’s test (p < 0.05) was
used to evaluate statistical differences between treatments and a
significant difference was defined at p < 0.05. The developed
CAJMB samples were treated with maximum treatment conditions
from both the systems viz., T

2
 - 35kV, 3min and T

4
- 30kV, 3min.

These two treatments were statistically analysed using the results
of the pH and TA obtained to compare the impact of CP generated
from different configurations of the CBD system used in this
study on CAJMB.

Results and Discussion

pH

The pH values of the control and treated samples processed
using both the HV ACBD parallel plate system and the HV CBD
plasma torch over the storage period are shown in Table 1 and
Table 3. The table depicts a significant decrease in the pH of the
treated samples with an increase in voltage and treatment time
compared to the control untreated sample immediately after
processing. The pH of the fresh control sample was 6.39 ± 0.018
and the pH of the HV ACBD plasma plate system treated samples
immediately after processing was between the mean of 6.29 and
6.32 respectively. The pH of the HV CBD plasma torch treated
samples ranged between mean values of 6.3 and 6.33. Despite
the statistical difference, the values of pH ranged within the
expected levels. However, there was no significant difference in
the pH within the treatments after processing. The decline in pH
in treated samples compared to the control was 0.07 and 0.1, 0.09
and 0.06 for the HV ACBD plate system and HV CBD plasma

torch respectively. The pH value showed a highly significant
descending trend in both control and treated samples throughout
the storage period, even though there was no significant
difference observed between the control and treated samples of
CAJMB in both the systems during the second day of storage.

Titratable acidity

Titratable acidity (TA) of the cold plasma processed CAJMB
was highly significantly higher to the control sample. There was
a significant increase in the titratable acidity in the samples
immediately after processing as shown in Table 2 and Table 4.
The TA of the fresh control sample was 0.128 ± 0.002 whereas the
treated samples T

1
 and T

2
 had TA of mean in the range of 0.148

and 0.162 at the immediate point of the assay. The titratable acidity
of each of the treated CAJMB also showed a considerable
significant difference between each other. The TA of the samples
processed in the HV CBD plasma torch system ranged between
0.151 and 0.144 for treatments T

3
 and T

4
 correspondingly. However,

there was no significant difference within the treatments as it
was observed within the treated samples processed in HV ACBD
parallel plate plasma system. The observed titratable acidity
values at specified intervals showed a noteworthy and
exceedingly significant increase in the control and treated samples
across the storage period, although there was no substantial
difference during the second day of storage.

Sensory

Sensory evaluation of the control and treated custard apple milk
beverage (CAJMB) was carried out immediately after the
processing (zeroth day). Though there was a significant increase
in titratable acidity and decrease in pH, the sensory scores for
colour, mouthfeel and flavour of the developed cold plasma
processed CAJMB showed no significant difference (P > 0.05,
from Table 7.) compared to the control sample. The results
obtained for the processed samples exhibit much liking and
acceptable scores of more than 9.00 (liked extremely).

Statistical comparison of the physicochemical quality
parameters of the cold plasma treated samples in the HVACP
CBD plasma system and HV CBD plasma torch

 From Table 5 and Table 6, it was noticed that the pH and TA of
the treatments T

2
 and T

4
 were significantly different but in a very

narrow range at the beginning of the storage period excepting
the second day. Also, a trivial increase in temperature by 2° to 3°
was observed in the HV CBD plasma-torch treated samples.
However, there was a noteworthy difference in the decline of pH
and increase in TA between the treated samples (T

2
 and T

4
) as

the storage days increased (on the 10th day). It was noted that
the pH and acidity of the T

2
 treated samples at the end of the 10th

day showed an acceptable level for the developed CAJMB
compared to the T

4
 treated sample and control sample. From

Tables 5 and 6, a gradually decreasing drift and ascending level
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of pH and TA could be observed as it moved towards the tenth
day of storage. pH and TA as one of the primary quality attributes
of a food product since the increase in TA and decrease in pH
can be associated with the growth of lactic acid bacteria,
especially in milk products (data not presented). Hence, from
Tables 5 and 6 it is observed that the HV ACBD plasma system
has shown a slow decline in the pH and TA and prolonged the
acceptable level of the sample till the 10th day of storage. Whereas,
the control sample and T

4
 sample reached unacceptable levels

the same level on the 2nd day and 6th day of storage respectively.

Effect of the generated High Voltage Cold Barrier Discharge
plasma on the parameters analysed (pH, TA and sensorial
attributes) in the developed CAJMB

The results found in this study, from Tables 1, 2, 3, and 4 showed
a significant decline in pH and an increase in TA after CP
processing. These two parameters viz., pH and TA are the primary

factors that contribute to the freshness of food samples. This
decrease in PH and increase in TA immediately after treatment
might be potentially due to the reaction of plasma-generated
reactive species like reactive oxygen species (ROS) and Reactive
nitrogen species (RNS) with the moisture (i.e., water molecules)
present in the food sample. (Muhammad et al.2018). These
reactions lead to the formation of acidic compounds such as
nitric acid, H

2
O

2,
 and nitrous acids formed by the hydrolysis of

NO and NO
2 
reactive species and other elements in plasma-treated

liquid samples (Zheng et al. 2019) resulting in a lessening of pH
(Liu et al. 2015). Increased reduction in pH and increase in TA
has been largely noted in the cases where nitrogen is used as the
gas medium (Misra et al. 2016). The surge in acidity may also be
owing to the split-up of amino acids (AA) that exists in the sample
by plasma reactive species and diffusion of the same in the sample
solution (Buβler et al. 2015) attributed to the formation of
carboxylic groups from AA disintegration. The increase in the
intensity of the voltage applied, gas flow rate and the treatment

Table 1: pH of HV ACBD plasma processed CAJMB at refrigerated condition during storage period

Treatment pH F
0th day 2nd day 4th day 6th day 8th day 10th day VALUE

T
1
 – 35 kV, 2min 6.32±0.021Ae 6.30±0.017Ade 6.25±0.030Bd 6.14±0.018Bc 6.07±0.017Bb 5.72±0.018Ba 118.054**

T
2
 – 35kV, 3 min 6.29±0.017Ae 6.25±0.030Ade 6.20±0.018Bcd 6.17±0.017Bbc 6.12±0.018Bb 6.02±0.007Ca 26.040**

C 6.39±0.018Bf 6.24±0.017Ae 6.10±0.018Ad 5.81±0.017Ac 5.20±0.021Ab 5.00±0.017Aa 1134.616**
F VALUE 7.406 * 2.143NS 11.467** 189.259** 753.142** 1203.152**

A, B, C Values having varying alphabetical superscripts are significantly different corresponding to treatment voltage and treatment time (between
treatments) (p < .05);
a,b,c,d,e  Values having varying alphabetical superscripts are significantly different corresponding to storage period (p Â .05).
Superscripts in the F value indicates: ** - Highly significant (p< 0.01); * - significant (p< 0.05); NS – Non significant

Table 2: Acidity of HV ACBD plasma processed cajmb at refrigerated condition during storage period

Treatments ACIDITY F

0th day 2nd day 4th day 6th day 8th day 10th day VALUE

T
1
–35 kV, 2min 0.148±0.002Ba 0.181±0.030Aab0.206±0.002Bbc0.211±0.018Abc0.224±0.017Abc0.258±0.018Ac4.690**

T
2
–35kV, 3 min 0.162±0.001Ca 0.175±0.021Aab0.173±0.014Aab0.207±0.017Aabc0.219±0.018Abc0.225±0.007Ac3.260*

C 0.128±0.002Aa 0.213±0.002Ab 0.237±0.002Bb 0.287±0.018Bc 0.312±0.007Bcd0.340±0.021Bc 41.860**

F VALUE 88.371** 0.923NS 14.037** 6.583* 12.466** 12.545**

A, B, C Values having varying alphabetical superscripts are significantly different corresponding to treatment voltage and treatment time (between
treatments) (p < .05);
a,b,c,d,e  Values having varying alphabetical superscripts are significantly different corresponding to storage period (p Â .05).
Superscripts in the F value indicates: ** - Highly significant (p< 0.01); * - significant (p< 0.05); NS – Non significant

Table 3: pH of HVCBD plasma processed CAJMB at refrigerated condition during storage period

Treatments pH F VALUE
0th day 2nd day 4th day 6th day 8th day 10th day

T
3
-30 kV,2min 6.33±0.014Ad 6.27±0.017Ac 6.23±0.030Bc 6.15±0.017Bb 6.10±0.018Bb 5.70±0.007Ba 150.475**

T
4
-30 kV,3min 6.30±0.017Ad 6.26±0.019Acd 6.21±0.030Bc 6.12±0.018Bb 6.07±0.017Bb 5.76±0.018Ca 92.893**

C 6.39±0.018Bf 6.24 ±0.017Ae 6.10±0.018Ad 5.81±0.007Ac 5.20±0.021Ab 5.00±0.017Aa 1134.616**
F VALUE 8.700** 0.728NS 7.047* 168.072** 735.320** 781.670**

A, B, C Values having varying alphabetical superscripts are significantly different corresponding to treatment voltage and treatment time (between
treatments) (p < .05);
a,b,c,d,e  Values having varying alphabetical superscripts are significantly different corresponding to storage period (p Â .05).
Superscripts in the F value indicates: ** - Highly significant (p< 0.01); * - significant (p< 0.05); NS – Non significant
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time results in the amplified concentration of different plasma-
produced elements in the liquid products (Yong et al. 2015), such
as ROS, RNS, free radicals, ions, energized and non-energized
atoms (Pankaj et al. 2017a). This might lead to the production of
higher acidogenic molecules, influencing the pH of the sample
(Yong et al. 2015; Helmke et al. 2011). The increase in acidity in
the sample (CAJMB) distinguished after CP processing might be
caused by consecutive reactions such as oxidation of aldehydes
ignited by the plasma species such as O

3
, OH

, 
and NO with water

molecules present in the aqueous-air interphase (Liu et al. 2010).
It could also be due to the breakdown of hydroxyl radical
produced in the plasma discharge process as reported by
Muhammad et al. (2019) for the CP-treated Tiger Nut Milk (TNM)
and other researchers in various studies (Coutinho et al. 2019).
The impact of plasma on the physico-chemical quality parameters
such as the difference in pH of the food sample is also attributable
to its buffering capacity, protein and phosphate content as in

milk (Ponraj et al. 2017) and acid content (Kim et al. 2015) which
has been observed in cases cold plasma treated Guava Fruit
juice Whey Beverage (GFWB) and orange juice and milk (M. R.
Silveira et al. 2019; Xu et al. 2017; Manoharan et al. 2021). Though
there was a decrease in pH and acidity, it was only in a narrow
range, causing no effect on the major biomolecule dissolving
power in the treated food samples of CAJMB. pH and acidity are
considered important quality traits in processed food samples
whose sweeping alteration can impact the sensorial parameters
and shelf life (Pankaj et al. 2018). Noteworthy slight changes in
those parameters did not affect the quality of the developed
beverage in this study (CAJMB), which was practically shown
by the non-significant change in the sensorial parameters
examined after CP treatment which has been reported by various
workers (Li and Xiong, 2021; Eazhumalai et al. 2021).

Treatments ACIDITY F VALUE
   0th day 2nd day 4th day 6th day 8th day 10th day

T
3
-30 kV,2min 0.151±0.003Ba0.170±0.017Aab 0.209±0.003Abc 0.224±0.017ABbc 0.231±0.018Ac 0.242±0.007Ac 8.085**

T
4
-30 kV,3min 0.144±0.002Ba0.196±0.017Aab 0.212±0.006Ab 0.222±0.018Ab 0.237±0.017Ab 0.245±0.018Ab 6.310**

C    0.128±0.002Aa0.212±0.005Ab 0.237±0.002Bbc 0.287±0.018Bcd 0.312± 0.007Bde 0.340±0.021Be 40.971**
F VALUE   23.436** 2.174NS 14.932** 4.426* 9.280** 11.113**

Table 4: Acidity of HVCBD plasma processed CAJMB at refrigerated condition during storage period

A, B, C Values having varying alphabetical superscripts are significantly different corresponding to treatment voltage and treatment time (between
treatments) (p < .05);
a,b,c,d,e  Values having varying alphabetical superscripts are significantly different corresponding to storage period (p < .05).
Superscripts in the F value indicates: ** - Highly significant (p< 0.01); * - significant (p< 0.05); NS – Non significant

Table 5: Comparative analysis of pH of effective treatments of each configuration of the plasma systems

Treatments pH F
0th day 2nd day 4th day 6th day 8th day 10th day VALUE

T
2
 – 35kV, 3min 6.29 ± 0.017Ae 6.25 ± 0.030Ade 6.20 ± 0.018Bcd 6.17 ± 0.017Cbc 6.12 ± 0.018Bb 6.02 ± 0.007Ca 26.040**

T
4
 – 30kV, 3min 6.30 ± 0.017Ad 6.26 ± 0.019Acd 6.21 ± 0.030Bc 6.12 ± 0.018Bb 6.07±0.017Bb 5.76 ± 0.018Ba 92.893**

C 6.39 ± 0.018Bf 6.24 ± 0.017Ae 6.10 ± 0.018Ad 5.81 ± 0.007Ac 5.20 ± 0.021Ab 5.00 ± 0.017Aa 1134.616**
F VALUE 10.603** 0.167NS 7.274* 180.405** 753.142** 1230.006**

A, B, C Values having varying alphabetical superscripts are significantly different corresponding to treatment voltage and treatment time (between
treatments) (p < .05);
a,b,c,d,e  Values having varying alphabetical superscripts are significantly different corresponding to storage period (p < .05).
Superscripts in the F value indicates: ** - Highly significant (p< 0.01); * - significant (p< 0.05); NS – Non significant

Table 6: Comparative analysis of Titratable Acidity of effective treatments of each configuration of plasma systems

Treatments ACIDITY F

0th day 2nd day 4th day 6th day 8th day 10th day VALUE

T
2
–35kV, 3min 0.162±0.001Ca 0.175±0.021Aab 0.173±0.014Aab 0.207±0.017Aabc 0.219±0.018Abc 0.225±0.007Ac 3.260*

T
4
–30kV,3min 0.144±0.002Ba 0.196±0.017Ab 0.212±0.006Bbc 0.222±0.018Abc 0.237±0.017Abc 0.245±0.018Ac 6.310**

C 0.128±0.002Aa 0.212 ±0.005Ab 0.237 ±0.002Bb 0.287 ± 0.018Bc 0.312±0.007Bcd 0.340±0.021Bd 40.971**

F VALUE 78.234** 1.410NS 12.380** 5.858* 11.084** 13.506**

A, B, C Values having varying alphabetical superscripts are significantly different corresponding to treatment voltage and treatment time (between
treatments) (p < .05);
a,b,c,d,e  Values having varying alphabetical superscripts are significantly different corresponding to storage period (p < .05).
Superscripts in the F value indicates: ** - Highly significant (p< 0.01); * - significant (p< 0.05); NS – Non significant
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The significant decline in pH and a significantly slight increase
in titratable acidity (TA) post CP processing observed in this
study with CAJMB was similar to the results of Eazhumalai et al.
(2021) in the treatment of oat milk. In the research, where cashew
apple juice was treated with a spark DBD plasma, similar results
of a slight descending level in pH were observed which was
maintained during storage (Illera et al. 2019) supporting the
discoveries of Dasan & Boyaci (2018) in the CP processed sour
cherry nectar. In their study, Eazhumalai et al. (2021) reported
that, decrease in pH and an increase in TA were directly
proportional to significant increase in treatment time and no
substantial difference has been observed due to voltage. It was
also substantiated by the outcomes reported in the non-thermal
Plasma treatment of chocolate milk (Coutinho et al. 2019), Tiger
Nut Milk (Muhammad et al. 2019), plasma processed milk (Kim et
al. 2015), Pea protein extract (Bubler et al. 2015), guava flavoured
whey beverage (GFWB) (M. R. Silveira et al. 2019), High Voltage
Atmospheric Cold Plasma (HVACP) treated orange juice (OJ) (Xu
et al. 2017), Apple juice treated in DBD ACP ( Liao et al. 2018;
Xiang et al. 2018), where the pH decreased gradually with the
increase in the treatment time, gas flow rate and applied voltage
accordingly. But, when compared to thermal treatment
(pasteurization, retort, etc.,) of milk drinks and beverages, the pH
reduction during cold plasma processing was significantly less.
Hence, the CP processed beverages had relatively higher pH
value than in the heat-processed samples (M. R. Silveira et al.
2019). This is because, during heat treatment, the lactose present
in the milk through various reactions form acids such as formic
acid, acetic acid, etc and precipitation of calcium phosphate
releasing H+ ions, which consequently increases the acidity of
the beverage (Dursun et al. 2017; Fox et al. 1981). Similarly, a
slight significant reduction in pH in the treatment of prebiotic
orange juice (OJ) at 20 kV with direct and indirect exposure to
plasma compared to untreated samples has been reported by
Almeida et al. (2015). In their study, they also stated that there
was no effect of treatment time on the decrease in pH and there
was no change in pH has been observed between the ozone-
treated and control samples (Almeida et al. 2015). This study was
in corroboration with the findings of Manoharan et al. (2021) and
Kim et al. (2015) in the cold plasma treatment of milk, and Ponraj
et al. (2017) in the Argon gas CP treated milk. Also, tomato juice

after Cold plasma processing showing statistically no drastic or
noteworthy decrease in pH among the treatments but a very
narrow reduction was observed between treatment and control
(Ali et al. 2021). Whereas, Xu et al. (2017) reported no significant
change in the CP processed orange juice at 90kV. These results
were supported by the data found in the cold plasma treatment
of tender coconut water beverage with ascorbic acid and tomato-
based beverage and White grape juice (Chutia and Mahanta,
2021; Mehta et al. 2019; Pankaj et al. 2017b). A similar report for
no variations among control and treatments was submitted for
the nonthermal processing like Ultra Sonication (US) (Caminiti et
al. 2012) and Pulsed Electric Field (PEF) treatment of orange juice
(Tiwari et al. 2008), Ultra Violet treatment (UV) of Apple juice
(Tiwari et al. 2008), UV & US processed tomato beverage. But in
the case of PEF processed TNM, a mild decrease in pH was
observed at 20kV/ cm for 300μs. Also, in another study, no
decrease or increase in pH of PEF processed orange juice milk
beverage (OJMB) has been noted after treatment but a slow decline
was observed across storage due to lactic acid formation by
microbial growth (Sampedro et al. 2009). This result was in
accordance with Rivas et al. (2006), in the PEF treatment of carrot
juice which was comparable to the immediate observations after
the cold plasma processing of carrot juice with respect to both
voltage and processing time (Muhammad Umair et al. 2019).

Conclusion

The developed CAJMB was subjected to cold plasma with
varying treatment time and voltage in two different configurations
of Dielectric Barrier Discharge plasma (DBD) and was analyzed
for physico-chemical quality parameters viz., pH and acidity. The
data obtained were compared with the data of the control sample
statistically. The observed results showed a slight variation of
decrease in pH and increase in acidity due to the reaction between
the components present in the food matrix of the sample and
plasma reactive species. But, during the storage studies, the
quality attributes were within the acceptable level for more days
in the treated samples compared to control samples respectively.
This exhibits the decontamination effect of plasma species on
microbes slowing down their growth in the treated samples. The
key finding in this study was that the CAJMB processed in

Table 7: Sensory analysis of custard apple juice milk beverage before and after CP processing

CBD - Configuratio Treatments SENSORY – 0th d
COLOUR MOUTHFEEL FLAVOUR

HV CBD Parallel T
1
 – 35 kV, 2min 9.92 ± 0.083 9.83 ± 0.105 9.42 ± 0.083

Plate plasma T
2
 – 35kV, 3 min 9.92 ± 0.083 9.75 ± 0.112 9.50 ± 0.129

HV CBD Plasma T
3
- 30 kV, 2min 9.92 ± 0.083 9.83 ± 0.105 9.42 ± 0.154

Torch using Argon gas T
4
 - 30 kV, 3min 9.92 ± 0.083 9.67 ± 0.167 9.50 ± 0.183

Control C 9.92 ± 0.083 9.83 ± 0.105 9.67 ± 0.167
F VALUE 0NS 0.377NS 0.481NS

A, B, C Values having varying alphabetical superscripts are significantly different corresponding to treatment voltage and treatment time (between
treatments) (p < .05);
a,b,c,d,e  Values having varying alphabetical superscripts are significantly different corresponding to storage period (p < .05).
NS – Non significant
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HVACBD parallel plate plasma system at 35kV for 3min (T
2
)

revealed promising results among other treatments, keeping pH
and acidity within control limits for 9 to 10 days of storage in
refrigeration temperature. Whereas, the control sample crossed
the acceptable range in 3 to 5 days of storage. Thus, cold plasma
shows to be potentially effective in extending the shelf life of
milk-based beverages.
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