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ABSTRACT: The demand of consumers for naturality of food with minimal processing was forced to the scientists for the 
discovery of non-thermal plasma which is a new technology for the preservation and decontamination of food products. The 
present study was conducted for the scrutinization of microbial and physicochemical characteristics of plasma bubbled raw cow
milk and an extensive comparison was observed for boiled raw cow milk, commercially (pasteurised and UHT) milk. Further, 
storage study (shelf-life) was done for the plasma bubbled raw cow milk and compared with raw cow milk sample (control). The 
bubbling of plasma was generated at a voltage of 200V, the flow rate of air 10 litres/hour (L/h) and applied to fresh cow milk for 
5, 10, and 15 minutes (min) of time with a volume of 100 mL of the sample operated at room temperature. A declined in microbial 
cell was observed for coliform and yeast at 200V, 10L/h, 15 min time interval. The pH value of 15 min plasma bubble treated 
sample was increased significantly to 6.85. While, a slight decrease in value was noticed in total soluble solids (TSS) and titratable 
acid (TA) after exposure to plasma bubbling. Further, a nondetrimental effect was observed for the nutrient content of plasma 
bubbling of milk. The result indicates that plasma bubbling at generated at 200V, 10L/h,100mL,15 min treatment enhances the milk 
quality. However, plasma bubbling: based on indirect dielectric barrier discharge (DBD) may use as a successful decontamination
technology without affecting the physicochemical properties which could have a future perspective on industrial food applications.
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1. INTRODUCTION 
Milk is a physiological liquid combination of highly biological 
active compounds with protein and fat1. All over the world 
cow milk is predominant consumed in different forms and also 
highly perishable with rich in biological nutritive value2-3. 
Simultaneously, the hazardous effect of milk due to pathogen 
contamination is also well studied. Generally, the microbes 
observed in dairy are coliform, Escherichia coli, 
Staphylococcus aureus, yeast and mould4. Previous studies 
have analysed that the diseases caused by the of milk 
contamination include bovine mastitis5, diarrhoea6, milk-borne 
diseases caused in the dairy industry7 due to the lack of proper 
handling of dairy products. According to a previous report, per 
year in the USA and India, the rate of infection is 48 million 
due to microbes that are present in food7. Generally, 
preservation of milk evolved from chilling, boiling, 
pasteurization, ultra-heat treatment (UHT) process. It has 
been proven by studies that the pasteurization of milk can 
degrade the nutritional quality of milk8. Also, thermal 
processes involve many changes in the milk composition such 
as flavour and colloidal properties9-10-11. Whereas, past 
researchers introduced a novel and effective non-thermal 
technology to food science. One of the non-thermal 
technologies is cold plasma, used for sterilization purposes: 
owing to its major impact on microbes 12-13. The cold plasma 
efficiency has been well documented in the sanitation of food14. 
The important characteristics for the deactivation of 
microorganisms are the major source of free radicals, ions, 
electrons generated during treatment of non-thermal plasma. 
Generally, the radicals like reactive oxygen species (ROS) can 
directly deactivate microorganisms by gaseous phase15. 
Further, the potentiality of non-thermal plasma is executed to 
food like milk for the deactivation of bacteria, E. coli16-17. 
Recently, a study on milk sterilization was observed by 
dielectric barrier discharge (DBD) but the change in 
physicochemical properties was found18. Further, on low 
pressure plasma was detected for milk decontamination 
where a reduced value in nutrient content such as fat was 
observed19. In contradictory to the finding, a preliminary 
investigation of based on plasma bubbling of milk was 
experimented where very negligible changes was noticed for 
physicochemical property on milk20. These findings confirmed 
that the non-thermal plasma set up playing a major role for the 
quality of the product.Generally, non-thermal plasma or cold 
plasma is generated by both direct as well as indirect methods. 
In direct cold plasma application: the generation of a large 
variety of reactive species, with a short life span 
(~milliseconds) reactive species, surface plasma reactions 
(etching and deposition) were observed21. In indirect (remote 
plasmas), contains longer-living reactive species such as nitric 
oxide or ozone contact the food, while the generation of 
plasma was done in a separate chamber22. In indirect cold 
plasma, the quantum of heat transmission of heat to the sample 
is reduced. So far, an achievement for direct cold plasma has 
well experimented in the sector of food science while the 
setup for indirect cold plasma is demanding23. Again, 
consumers have looked forward for dairy products which are 
nutritious, minimally processed, safe, healthy and economical 
longer shelf life24. Therefore, the focus of the study aimed 
towards on a novel plasma bubbling set-up based on indirect 
DBD method and was established to observe the bubbling of 
plasma effect on the decontamination of microbial cell as well 
as the physicochemical properties during extension of shelf-
life. Further, a comparative study was observed on different 
decontamination method such as boiled and commercialized 

(UHT, pasteurized) milk with fresh raw cow milk (control) and 
plasma bubbling of milk for quality evaluation. 
 
2. MATERIALS AND METHODS 
 
2.1 Plasma Bubbling set up 
 
A non-thermal plasma system named as plasma bubbling based 
on indirect DBD set up was developed25. Briefly, indirect DBD 
plasma source was created using a cylindrical aluminium 
container named as plasma generator with two-port: one inlet 
and another outlet port. The inlet port was connected to an 
air pump through a pipe. The air pump was supplied with 
atmospheric gas used as feed gas and the plasma generator 
converted the atmospheric gas (feed gas) to free radicals. The 
outlet port was connected from the generator of plasma to 
the sample through a pipe and was immersed to the sample 
(Fig 1). However, some modification of parameters on plasma 
bubbling system for generation of plasma was done: such as 
voltage, air flow rate and time interval. 
 
2.2. Analysis of milk sample 
 
 In this study, fresh raw cow milk, from the local market was 
analysed: followed by plasma bubbling treatment at voltage 
200V, air flow rate 10 L/h, the sample volume 100mL, with 
treatment time intervals of 5, 10 and 15 min. An extensive 
comparison of plasma bubbled milk was made with the fresh 
raw cow milk (control sample), boiled fresh cow milk at 100°C 
for 10 minutes26, commercialized (UHT and Pasteurized) milk 
sample.  
 
2.3 Microbial analysis 
 
The bubbled plasma milk, control, boiled, commercialised 
(UHT and pasteurized) milk was tested for coliform and yeast 
counts by violet red bile agar27 and chloramphenicol yeast 
glucose agar28. Incubated by incubator (CI-10 plus LED Version 
BOD Incubator, REMI, Madurai, India) at 37ºC for coliform. 
While for yeast the temperature set up was 25°C29-30. The 
calculation was represented as log CFU/mL30. 
 
2.4 pH analysis 
 
After giving plasma bubbling treatment to the milk sample, the 
pH was measured and comparison was made with the boiled, 
commercialized (UHT and pasteurised) along with the control 
milk sample using pH meter (Laqua, Horiba Scientific, 
Singapore) and operated at ambient temperature31 to observe 
the changes occurred on the hydrogen concentration for the 
milk sample.  
 
2.5 Titratable Acidity  
  
 Titratable acidity was performed32. Briefly, sample volume 
(20mL) was taken and 1% w/v phenolphthalein indicator (5 
drops) were mixed to the sample. This mixture was followed 
by titration using 0.1N NaOH and represented in % of lactic 
acid33. 
 
2.6 Total soluble solids  
 
The presence of quantity of dissolved solids in milk was 
calculated by TSS. The content of TSS was noticed at ambient 
temperature i.e., room temperature (30±5ºC) by digital 
refractometer (Erma, Japan, 0-80ᴼ Brix). Distilled water was 
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used for the calibration of refractometer before measurement 
and represented as °Brix34.  
 
2.7 Nutrient Content 
 
The protein content is determined using protein nitrogen 
content of milk Kjeldahl method35. Fat content of milk was 
analysed using36. 
 
2.8 Viscosity 
 
The viscosity of milk was measured using Viscometer (DV-I 
PRIME, AMETEK, Brookfield, USA) equipped with a 
thermostatically controlled water. The rotor SC4-2 used with 
a rotation speed of 200rpm. The measurements for treated 
and control milk samples were detected at 25±0.1°C37. 
 
2.9  Shelf-Life Study 

 
The storage study was observed for the plasma bubbled 
sample and a comparison was made in accordance to the 
control sample. All the samples were stored in the refrigerator 
at 4°C with glass jars and the milk samples were withdrawn 
once a week38-39 to the observe the important parameters i.e., 
analysis of microbial count, pH, TA, viscosity and TSS at the 
interval of 0, 7, 14, 21, 28 and 35th days. 
 
3. STATISTICAL ANALYSIS 

 
The result was calculated using SPSS version 22 statistical 
software (SPSS, Inc., United States). All the experiment were 
analysed with replication of three times (triplicate). The 
statistical analysis was executed using a one-way analysis of 
variance (ANOVA). When significant deviations were 
detected, the differences among the mean values were 
calculated by executing Duncan’s multiple tests of comparison 
at a confidence level of p< 0.05.  
 
4. RESULT AND DISCUSSION 
 
4.1 Microbial Analysis 
 
The result of viable cell count of coliform and yeast was 
monitored in the treated, control and boiled milk sample 
which was compared with the commercialised (UHT and 
pasteurized) milk samples (Fig 2). Plasma bubbling treated milk 
sample for 5, 10 and 15 min at (200V, 10L/h,100mL) was 
mentioned as M1, M2 and M3 respectively. A statistically 
reduction (P<0.05) i.e., no microbial cells were observed for 
M3 treated sample; the control sample value was 6.38±0.002 
and 4.42±0.002.  These findings observed that the cold plasma 
system (plasma bubbling) established in this study can reduce 
of microbes in milk satisfactorily. A significant microbial cell 
decontamination was obtained for coliform and yeast after 
plasma bubbling. While a successful decontamination was 
observed for sample M3. This could be explained due to the 
creation of reactive species during generation of plasma: thus, 
showing a better efficacy on microbial cells. Previous studies 
reported that the air flow rate and time in plasma bubbling 
plays a vital role for the generation of hydroxyl radical (˙OH)26, 
which might an important factor for death of microbial cell40. 
Again, the commercialized UHT and pasteurized milk 
decontaminates from all microorganisms, but already it has 
been reported that the physical properties were affected 
during the shelf-life study of UTH and pasteurized milk9-8.The 
time interval of 15min was found as the final treatment time 

because of its satisfactory deactivation of microbial load. 
Specifically, in milk products: result of non-thermal/ cold 
plasma application on microbes depends on various factors 
such as target species of microorganism, time interval, input 
power, gas and food composition41. The decontamination of 
microbes by using cold plasma was not fully observed since the 
nature of plasma is highly complex42. Basically, the acceptable 
range of coliform in milk is 0-1000/ mL at 24h with 37°C43 
which was owned by the bubbled plasma treated sample M3. 
Previous report put forth that the yeast cells are found in both 
raw and pasteurised milk44-45-46-47 but at a low population 
mostly 103 cells /mL48, while the study observed at M3 treated 
sample yeast cells were not detected which indicates a good 
finding.  
 
4.2 pH 
 
The control value of pH was 6.66 ± 0.015 (Fig 3). While a 
statistically significant (P<0.05) increase was found in pH after 
exposure to plasma bubbling. The pH value 6.85±0.01 in M3 
which is showing a gradual increase with an increase in time 
interval. This could be explained due to the increase in 
hydroxyl ˙OH radicals’ generation during cold plasma 
generation49. A contradictory result was observed in cold 
plasma applied milk sample19.  For boiled samples: result 
showed decrease value in hydrogen concentration as it may 
be explained that changes observed in the gelation behaviour 
during heating of milk50.  
 
4.3 Titratable acidity  
 
In the post plasma bubbled milk sample with the increase in 
time interval, a significant decreasing value of lactic acid (%) 
was observed at M3 treated sample i.e., 0.121±0.002 (Fig 3), 
whereas, the control sample’s TA value was 0.144±0.002. This 
could be explained because of the increase of OH˙ radical 
formation during cold plasma treatment which was 
accountable for the decomposition of an additional water 
molecule into the sample51. While, a contradictory to this 
study observed an increase in TA value in tiger nut milk after 
exposure to cold plasma32.  The boiled milk showed significant 
(P<0.05) increase in TA value i.e., 0.15±0.002. The gradual 
increase in TA value of boiled milk sample could be owned due 
to the high heat treatment which was responsible for the 
lactose degradation52-53.  
 
4.4 Total soluble solids 
 
The value of TSS was decreased after a long time of exposure 
to plasma bubbling. The value of °Brix in control sample was 
10.4±0.003 while at M3 treated sample the value decreased to 
8±0.001. This decrease in °Brix value could be explained for 
the ozonolysis, happening throughout plasma exposure which 
made cleavage of the glycosidic bond and helps to de-
polymerisation of macromolecule54-55. A comparative 
description was mentioned for the physicochemical property 
of milk (Fig 3). This contrast, previous report revealed that no 
significant change was observed in nut milk of tiger after 
exposure to cold plasma32. The TSS value for boiled sample is 
non significantly decrease (P <0.05) 10.1±0.001. The slight 
decrease in TSS could be explained due to evaporation of 
water from milk during boiling. 
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4.5 Nutrient content 
 

The protein and fat content of control, plasma bubbling 
treated sample, boiled sample along with commercialized 

(UHT and pasteurized) sample is given in the (Fig 4). The value 
of nutrient content in milk after plasma bubbling treatment for 
all the treatment time i.e., (M1, M2 and M3) were observed to 
be significantly not different (P>0.05) from the control sample. 
For protein and fat content, the value of control sample was 
3.41±0.001% and 3.52±0.001% respectively. While, for M3 the 
value was 3.39±0.002 and 3.49±0.001% respectively. A similar 
finding was described in content of protein after cold plasma 
of milk56. Further, in a recent study, a nondetrimental effect 
was observed on cold plasma of milk19. In the present study, 
fat content of milk was slightly decreased could be due to the 
difference in colour value on milk after exposure to cold 
plasma for the generation of reactive species which have high 
oxidation ability57. A similar finding on the composition of milk 
fatty acid was observed58. A non-significant (P<0.05) increase 
value was noticed for boiled milk sample for fat content i.e., 
3.53±0.003. The negligible increase in fat content of boiled 
sample could be due to waste of evaporated water during heat 
treatment59. While a decrease value in content of protein was 
observed after boiling of milk could be due to heat which was 
responsible for the whey protein denaturation: particularly 
beta lactoglobulins60.  
 
4.6 Storage study of milk 
 
In the present study, a comparison of storage study was done 
for plasma bubbled milk i.e., 200V,10 L/h, 100mL at time 
interval of 5, 10 and 15 min represented as M1, M2 and M3 
which compared with the control sample (Table 1). The shelf-
life of the plasma bubbled samples were established by the 
initial microbial load for the control sample. During storage, 
there were a gradual increase of coliform and yeast in the 
control sample was observed and spoilage was declared on the 
3rd day of storage. The coliform and yeast count of the control 
sample were 6.38 and 4.42 respectively, for the 0th day. During 
storage period in the plasma bubbling treated sample, a 
drastically reduction was observed on microbial load for M1, 
M2 and M3 (Fig 5). The sudden reduction of microbial cell 
could be described by the hydrogen peroxide produced by 
cold plasma61 which is stable and storable at a low temperature 
ranging from (-60-0ºC)62. Further, hydrogen peroxide is 
examined as an antimicrobial compound12-63. A similar finding 
of sudden decrease in microbial load was noticed on cold 
plasma of milk16. The spoilage calculation was done on the 
basis of activation of microorganisms. The milk sample treated 
for M1 was spoiled on 14 days of storage while for M2 and M3 
the spoiled was declared on the 28th day 35th day of the 

exposure respectively. The spoilage of milk could be described 
by activation of coliform which helps in the fermentation of 
lactose by producing of gas and acid64-63. 
 
4.7 Physiochemical properties of stored milk 
 
During the period of storage study, control sample: the pH 
value decreased to 4.2±0.013 on 3rd day of storage; whereas a 
gradual increase in pH value was detected for the treated 
sample on the 7th day of storage for M2 and M3 plasma 
bubbling treated sample. The sudden rise in pH could be due 
to the OH˙ radical production in cold plasma technology49: the 
closed glass vessel could maintain the OH˙ radical formed on 
the non-thermal/cold plasma generation during storage at 
refrigerator condition. However, the M1 spoiled on the 14th 
day of storage, M2 on the 28th day and M3 on 35 days of 
storage with pH value 4.1±0.015, 4.0± 0.012, 4.1±0.015 
respectively, the decrease could be explained due to the 
acidification of milk65 (Table 2). The other parameters were 
also observed throughout the storage period in which % lactic 
acid increased with reference to the interval of time. The value 
of % lactic acid for M3 was 0.144±0.002 on the 35th day of 
storage while control showed a value of 0.202±0.013 on the 
3rd day. However, the increase in % lactic acid could be 
explained because of the high bacterial activity during 
storage65. Again, TSS (°Brix) increased significantly with 
progress in storage days, as it may be owing to the hydrolysis 
of components66.  Further, the viscosity was noticed for M1, 
M2 and M3 with reference to control sample. In the initial day 
(0th day) the viscosity of the plasma bubbled milk statistically 
showed a non-significant value i.e., negligible decrease. M1, M2 
and M3 value was 1.66, 1.65 and 1.64cP respectively, while the 
value of control was 1.67cP. The negligible decrease in 
viscosity value could be postulated due to high voltage during 
cold plasma generation which is accountable for the oxidation 
of lipid and protein67. A contradictory finding was noticed on 
cold plasma of milk68.  Again, during storage days the value of 
viscosity remain constant which might explain due to lower 
temperature specifically at 2-5°C on refrigerator condition 
which was able to deferred the time for viscosity change and 
responsible to maintain water retention ability of 
macromolecular substances in milk. Eventually, an increased 
value was noticed during spoilage of milk could be explain due 
to denaturation of casein37. However, the control milk shelf 
life was of 3 days while for plasma bubbling treated milk the 
shelf life was 14, 28 and 35 for M1, M2 and M3 respective

TABLE 1. Microbial Analysis during storage 

 
Treatment 

 

Stage of sampling Storage days Coliform 
(Log cfu/mL) 

Yeast 
(Log cfu/mL) 

 Control 0 6.38±0.002d 4.42 ±0.012d 

  3 SP* SP* 

 
 
 
 
 

M1 0 5.23 ±0.012c 3.86 ±0.002c 

7 UDa UDa 

14 7.45 ±0.02e* 6.51 ±0.03e* 

M2 0 4.3 ±0.002b 3±0.001b 

7 UDa UDa 
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200v *100mL*10lph 
 
 

14 UDa UDa 

21 UDa UDa 

28 7.49 ±0.04f* 6.53 ±0.03g* 

 
M3 

0 UDa UDa 

7 UDa UDa 

14 UDa UDa 

21 UDa UDa 

28 UDa UDa 

35 7.45 ±0.02e* 6.51 ±0.02f* 

 
The results were expressed as mean ±S.D. Mean values followed by different letters in the same row indicate significant differences 
(p < 0.05). UD: Represents undetectable cell count. SP and * values: Represent spoiled sample. M1, M2 and M3: represents 5, 10 
and15 min treatment respectively. 
 

TABLE 2. Physiochemical property of storage study 

Treatment 
 

Stage of sampling Storage days pH 
TSS (°Brix) 

 
TA 

(% of lactic acid) 
Viscosity (cP) 

 
 

Control 
0 6.76±0.015d 10.4±0.003i 0.144±0.002f 1.67±0.002a 

3 4.2±0.013a* 11.9±0.015j* 0.202±0.013h* 7.22±0.002f* 

 
 
 
 
 
 
 

200 V, 
100 mL, 
10 L/h 

 
 

M1 

0 6.83±0.012e 8.5±0.002d 0.130±0.002e 1.66±0.001a 

7 6.81±0.011e 8.7±0.011f 0.135±0.012f 1.66±0.002a 

14 4.1±0.015a* 11.6±0.001j* 0.144±0.010f* 7.31±0.002e* 

M2 

0 6.87±0.001f 8.3±0.002b 0.126±0.002c 1.65±0.002a 

7 6.89±0.015f 8.4±0.001c 0.124±0.002c 1.65±0.003a 

14 6.74±0.011d 8.6±0.012e 0.130±0.013d 1.68±0.002a 

21 6.65±0.010c 9.1±0.014g 0.135±0.012e 2.38±0.002b 

28 4.0±0.012a* 11.2±0.001j* 0.144±0.011f* 7.30±0.001e 

M3 

0 6.89±0.015f 8.2±0.001a 0.117±0.002a 1.64±0.001a 

7 6.9±0.012g 8.2±0.015a 0.116±0.012a 1.64±0.002a 

14 6.79±0.011d 8.4±0.012c 0.126±0.002c 1.66±0.002a 

21 6.68±0.015c 8.6±0.010e 0.126±0.001c 1.68±0.003a 

28 6.60±0.012b 9.2±0.011h 0.132±0.012e 2.20±0.001b 

35 4.1±0.013a* 11.1±0.013j* 0.144±0.002f* 7.27±0.001d* 

 
The results were expressed as mean ±S.D. Mean values followed by different letters in the same row indicate significant differences 
(p < 0.05). SP and * values: represent the spoilage of the sample. M1, M2 and M3: represents 5-, 10- and 15-min treatment 
respectively 

 
 

Fig 1. Schematic representation of plasma bubbling system. 
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Fig 2. A comparative study on microbial cell viability of plasma bubbling treated milk with control, boiled, 

Commercialized (UHT and pasteurised milk). 
 

 
 
Fig 3. A comparative study on physicochemical property of plasma bubbling treated milk with control, boiled, 
Commercialized (UHT and pasteurised milk). 

 

 
 

Fig 4. A comparative study on nutrient content of plasma bubbling treated milk with control, boiled, 
Commercialized (UHT and pasteurised milk). 
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Fig 5. A comparative study on coliform viable cell count in raw milk and M3 (15 min, 10L/h, 200V) treated sample 
during storage period a) control (untreated), b) M3 on 0th day, c) M3 on 7th day, d) M3 on 14th day, e) M3 on 21st 
day, f) M3 on 28th day and g) M3 on 35th day (spoiled). For yeast viable cell count in raw milk and M3 treated 
sample during storage study a1) control (untreated), b1) M3 on 0th day, c1) M3 on 7th day, d1) M3 on 14th day, e1) 
M3 on 21st day, f1) M3 on 28th day and g1) M3 on 35th day (spoiled). 
 
5. CONCLUSION 
 
Next to natural raw cow milk the attribute of milk is 
maintained by non-thermal plasma technology introduced to 
food industry. The freshness, safety and natural characteristic 
are observed in plasma bubbling. So far, no other technology 
has been produced favourable property along with microbial 
safety concerns simultaneously. The plasma bubbled system 
was able to decontaminate microbes like coliform, yeast 
satisfactorily. The treatment time was played a crucial role in 
the decontamination of microbial load from the milk sample. 
This technology efficiently reduced the number of colonies in 
milk with one month shelf life on 200volt, air flow rate of 10 
L/ h, 100mL sample volume and time interval of 15 min, 
without any negative effect. A non-detrimental effect was 
observed for physicochemical and nutrient content of plasma 
bubbled milk. To better understand the quality of plasma 
bubbling on milk, further sensory analysis and protein 
structural analysis should be done. 
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