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Abstract 

 

Fruit juices consumptions have aided in the prevention of heart diseases, cancer, and diabetes 
because of their antioxidants, vitamins and minerals content. The huge economic loss associated 
with their spoilage demands development of effective preservation protocols. In this study, the 
bacterial load reduction efficacy of electric current induction (500volts and 250 volts), continuous 
pasteurization and microfiltration techniques were assessed on orange, pineapple and watermelon 
juices; and juice were subjected to microbiological examination before and after the treatments. The 
result obtained were as follows:  bacterial load of the juices before the treatments ranged from 1.8 x 
10

5
 to 2.4 x 10

7
 cfu/ml; after the treatments, the load ranged from nil to 3.0 x 10

4
 cfu/ml. Microfiltration 

technique was most efficient while the 250 volts induction was the least. Bacterial isolates 
encountered before the treatments were Acetobacter sp, Bacillus sp, Citrobacter sp, Enterobacter sp, 
Gluconobacter sp, Klebsiella sp, Lactobacillus sp, Leuconostoc sp, Proteus sp, Pseudomonas sp, 
Staphylococcus sp, and Streptococcus sp. However, the bacterial genera that were identified after the 
treatments were Bacillus sp, Gluconobacter sp, and Staphylococcus sp. The bacterial load reduction 
abilities of these techniques indicate they can be used to extend the shelf life of the juices for days 
and weeks. 
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INTRODUCTION 
 
Technically, fruit refers to fleshy or dry ripened ovary of a flowering plant, enclosing the seed or seeds. Thus, apples, 
apricots, bananas, grapes, oranges, and strawberries, as well as bean pods, corn grains, tomatoes, cucumbers, and (in 
their shells) acorns, almonds and wheat grains, are all fruits. Popularly, however, the term is restricted to the ripened 
ovaries that are sweet or sour and either succulent or pulpy edible in the raw state (Lewis, 2002; Schledel, 2003). 
Regular consumption of fruit is generally associated with reduced risks of several diseases and functional declines 
associated with aging (Wang et al., 2014). Fleshy fruits are highly perishable and mostly seasonal. To have the utilities 
of these fruit all year round, steps must be taken to preserve them in forms that will retain their aroma, taste, and 
nutrition content. 

The liquid extracted from pressing fruit and vegetables is referred as Juice. It is common to consume juice as a 
beverage or used as an ingredient or flavoring in foods or other beverages, as for smoothies. 

Juices are generally consumed for their perceived health benefits. Orange juice for example, is a natural source of 
vitamin C, folic acid, and potassium (Franke et al., 2005). 

Juice provides nutrients such as carotenoids, polyphenols and vitamin C that offer health benefits (Benton and Young, 
2019). 
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There are warnings of some negative effects of consumption of fruit juice, which include: not given juice to children 
under age one due to the lack of nutritional benefit (Heyman and Abrams, 2017). 

For children ages one to six, intake of fruit juice should be limited to less than 4–6 oz (110–170 g) per day (about a 
half to three-quarters of a cup) (Heyman and Abrams, 2017). 

due to its high sugar and low fiber content compared to fruit. Overconsumption of fruit juices may reduce nutrient 
intake compared to eating whole fruits, and may produce diarrhea, gas, abdominal pain, bloating, or tooth decay 
(American Academy of Pediatrics Committee on Nutrition, 2001). 

Overconsumption of fruits and fruit juice may contribute to dental decay and cavities via the effect of fruit acids on 
tooth enamel. Longitudinal prospective cohort studies showed a significantly increased risk of type 2 diabetes when 
juices with added sugars were consumed compared to eating whole fruits (Muraki et al., 2013).  A 2014 review found 
that higher intake of sugar-sweetened fruit juice was significantly associated with risk of type 2 diabetes (Xi et al., 2014). 

Notwithstanding the warnings, fresh juice provides a convenient way of consuming fruit with most of their benefits 
intact. However, it has lower shelf life than the whole fruit. Preservation of the juice is necessary to ensure the extraction 
of the nutritionally and economic benefits of fruit production. 

This research is aimed at evaluating the efficacy of some shelf life extension treatments on common fruit juices. 
 
 
MATERIALS AND METHODS 
 
Sample collections 
 
Samples of health fruit of watermelon, pineapple and orange fruits were purchased from Relief Market Owerri, Imo state 
without consideration to any possible difference in production location production and genetic variation of the fruits. 
 
Juice Extraction 
 
The juice of the various types of fruits were extracted using electrical juice extractor after surface sterilization with 1.05% 
sodium hypochlorite for 60 s according to Hong and  Gross (1998). The juices were received into containers that were 
pre-sterilized for further analysis. 
  
Electric current induction 
 
The various fruit juices were subjected to 500 volt and 250 volt electricity induction using ‘on’ and ‘off’ set at 5 second for 
10 minutes. The juices were inducted with the stated voltage using stainless stain election connected to the electric 
source terminals. The methods of Jin et al. (2020) were adopted. 
 
Continuous pasteurization 
 
The juice types were subjected to continuous pasteurization. The system was set at the temperature of 100

o
C with flow 

rate 20ml of at 5 second. The outputting juice temperature was 50
o
c. The methods of Reeja (2020) were adopted. 

 
Microfiltration  
 
The fruit juices were subjected to microfiltration using filter with pore size 0.75 micrometer. The filtrates were received 
into sterile containers for further studies. The method of Carvalho and Silva (2010) was adopted. 
 
 Microbiological Quality Assessment 
 
The juices (fresh and treated) were subjected to microbiological quality assessment using standard protocols and 
isolates were identified using biochemical test according to the methods of Cheesbrough (2000). 
 
 
RESULTS  
 
The effects of the treatments on reducing bacterial load of the juices are contained in Table 1. The 500 volts induction, 
continuous pasteurization and microfiltration treatments impacted a load reduction of over 99% in all the juices while 

https://en.wikipedia.org/wiki/Dental_decay
https://en.wikipedia.org/wiki/Dental_caries
https://en.wikipedia.org/wiki/Longitudinal_study
https://en.wikipedia.org/wiki/Prospective_cohort_study
https://en.wikipedia.org/wiki/Diabetes_mellitus_type_2


 
 

 
                                                                                                                                         Onyewenjo and Ononuju 272 
 
 
the 250 volts induction impacted load reduction from 83%. 
 

Table 1: Bacterial Load Reduction Effects of the Treatments 
 

Treatment Fruit Juice Load Before treatment (cfu/ml) Load After treatment (cfu/ml) 

Electric Current Induction 
(500 volt) 

Orange 1.8 x 10
5
 1.9 x 10

1
 

Pineapple 2.4 x 10
7
 1.5 x 10

2
 

Water melon 5.4 x 10
6
 2.1 x 10

1
 

Electric Current Induction 
(250 volt) 

Orange 1.8 x 10
5
 3.0 x 10

4
 

Pineapple 2.4 x 10
7
 3.3 x 10

3
 

Water melon 5.4 x 10
6
 4.7 x 10

3
 

Continuous Pasteurization  Orange 1.8 x 10
5
 1.5 x 10

1
 

Pineapple 2.4 x 10
7
 1.3 x 10

2
 

Water melon 5.4 x 10
6
 1.1 x 10

1
 

Microfiltration Orange 1.8 x 10
5
 4 

Pineapple 2.4 x 10
7
 4 

Water melon 5.4 x 10
6
 Nil 

 
Table 2 contains the result of isolates from fresh watermelon juice and isolates after various treatments. From the table, 
Bacillus sp, Citrobacter sp, Enterobacter sp, Klebsiella sp, Proteus sp, and Pseudomonas sp were present in the juice 
before the treatments. After the treatments, Bacillus sp was re-isolated in all treatments except microfiltration and 
Proteus sp in 250 volts induction and continuous pasteurization treatments 
 

Table 2: Effects of the treatments on Watermelon juice Bacterial Isolates 
 

Isolates (species) Treatments 

500 volts ECI 250 volts ECI Continuous Pasteurization Microfiltration 
BT AT BT AT BT AT BT AT 

Acetobacter - - - - - - - - 
Bacillus + + + + + + + - 

Citrobacter + - + - + - + - 
Enterobacter + - + - + - + - 
Gluconobacter - - - - - - - - 
Klebsiella + - + - + - + - 
Lactobacillus - - - - - - - - 
Leuconostoc - - - - - - - - 
Proteus + - + + + + + - 
Pseudomonas + - + - + - + - 

Staphylococcus - - - - - - - - 
Streptococcus - - - - - - - - 

 

Key: ECI= Electric Current Induction, BT= Before treatment, AT = After treatment, + = present, - = absent. 
 

Pineapple juice isolates, before and after the treatments, is recorded in Table 3. The result reveals that the isolates from 
the fresh juice were Bacillus sp, Enterobacter sp, Klebsiella sp, Pseudomonas sp, Staphylococcus sp, and 
Streptococcus sp.  After the treatments, Bacillus sp was re-isolated in all treatments and Staphylococcus sp in 250 volts 
induction, continuous pasteurization and microfiltration treatments 
 

Table 3: Effects of the treatments on Pineapple juice Bacterial Isolates 
 

Isolates (species) Treatments 
500 volts ECI 250 volts ECI Continuous Pasteurization Microfiltration 

BT AT BT AT BT AT BT AT 

Acetobacter - - - - - - - - 
Bacillus + + + + + + + + 
Citrobacter - - - - - - - - 
Enterobacter + - + - + - + - 
Gluconobacter - - - - - - - - 
Klebsiella + - + - + - + - 
Lactobacillus - - - - - - - - 
Leuconostoc - - - - - - - - 
Proteus - - - - - - - - 
Pseudomonas + - + - + - + - 
Staphylococcus + - + + + + + + 
Streptococcus + - + - + - + - 

Key: ECI= Electric Current Induction, BT= Before treatment, AT = After treatment, + = present, - = absent. 
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Table 4 contains the result of the effects the treatments on the orange juice isolates. Acetobacter sp, Bacillus sp, 
Gluconobacter sp, Klebsiella sp, Lactobacillus sp, Leuconostoc sp, and Staphylococcus sp were isolated from fresh 
orange juice. After the treatments, Bacillus sp was re-isolated from all the treatments and Staphylococcus sp re-isolated 
from 250 volts and continuous pasteurization treatments. 
 

 Table 4: Effects of the treatments on Orange juice Bacterial Isolates 
 
 

Isolates (species) Treatments 

500 volts ECI 250 volts ECI Continuous Pasteurization Microfiltration 
BT AT BT AT BT AT BT AT 

Acetobacter + - + - + - + - 
Bacillus + + + + + + + + 
Citrobacter - - - - - - - - 
Enterobacter - - - - - - - - 
Gluconobacter + - + + + - + - 
Klebsiella + - + - + - + - 
Lactobacillus + - + - + - + - 
Leuconostoc + - + - + - + - 
Proteus - - - - - - - - 
Pseudomonas - - - - - - - - 
Staphylococcus + - + + + + + - 
Streptococcus - - - - - - - - 

 

         Key: ECI= Electric Current Induction, BT= Before treatment, AT = After treatment, + = present, - = absent. 

 
 
DISCUSSION 
 
Fruit juice offers an attractive option of preservation of the very perishable fruit. The challenge in fruit juice preservation 
has been to ensure the maintenance of the sensory quality and nutritional status of the preserved juice. Qamar et al. 
(2017) affirmed that thermal treatment for food preservation leads to undesirable changes in quality attributes and 
nutritional value of food. Non thermal juice preservation option has minimal impact in the sensory qualities and 
nutritional status (Qamar et al., 2017). Pasteurization is a relatively mild heat treatment that causes minor changes to 
the nutritional and sensory characteristics of most foods. However, the shelf-life of pasteurized foods is usually only 
extended by a few days or weeks compared with many months with the more severe sterilization heat treatment 
(Fellows, 2017). 

The ability to preserve fruit juice has ensured the enlargement of the fruit production economy. It has both greatly 
arrested the huge spoilage and economic lost associated with it. This fact discouraged investment in that direction. With 
advent of fruit juice preservation techniques, this is new wider frontier of business for fruit producers both locally and 
internationally. 

The 500 volts induction, continuous pasteurization and microfiltration treatments impacted a load reduction of over 
99% in all the juices while the 250 volts induction impacted load reduction from 83%. The impact of three preservative 
techniques evaluated on three types of juice revealed that there was reduction in microbial load of the juice after 
treatment. These would ensure extension of shelf life of the juice.  This is in agreement with documentation of Fellows 
(2009) that pasteurization extends the shelf-life of acidic foods such as fruit juices for several days or weeks by 
destruction of spoilage microorganisms and/or enzyme inactivation. Qamar et al. (2017) stated that electric current 
induction into juice helps in microbial inactivation. This is consistent with result obtained.  

The fresh juices and treated juices microbiological quality assessment revealed that isolates from fresh watermelon 
juice were Bacillus sp, Citrobacter sp, Enterobacter sp, Klebsiella sp, Proteus sp, and Pseudomonas sp. After the 
treatments, Bacillus sp was re-isolated  in all treatments except microfiltration and Proteus sp in 250 volts induction and 
continuous pasteurization treatments. Pineapple juice isolates, before the treatments were  Bacillus sp, Enterobacter sp, 
Klebsiella sp, Pseudomonas sp, Staphylococcus sp, and Streptococcus sp.  After the treatments, Bacillus sp was re-
isolated in all treatments and Staphylococcus sp in 250 volts induction, continuous pasteurization and microfiltration 
treatments. The  isolates from fresh orange juice were Acetobacter sp, Bacillus sp, Gluconobacter sp, Klebsiella sp, 
Lactobacillus sp, Leuconostoc sp, and Staphylococcus sp. After the treatments, Bacillus sp was re-isolated from all the 
treatments and Staphylococcus sp re-isolated from 250 volts and continuous pasteurization treatments. 

The use of microfiltration method led to low yield of filtrate due to fouling. Although the reduction of the microbial load 
was the best in all categories of juice treated, the trouble of its use will limit its industrial application if the juice is not 
pretreated with pectinase before filtration. This was corroborated by Carvalho and Silva ( 2010) who reported that the 
limiting factors that affect tangential filtration are concentration polarization and the fouling that occur during the process  
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and affirmed that get around the problem, the enzymatic hydrolysis is needed as a pretreatment for membrane 
processes. This process has the advantages of operating at room temperature and promoting cold commercial 
sterilization thereby ensuring the preservation of the juice and its sensory qualities. 
 
 
CONCLUSION 
 
Continuous pasteurization, microfiltration and electric current induction at 500 volts have promising impact on the 
bacterial load reduction of fruit juice. This implies they can be used as ways of extension of the shelf life of fruit juice. 
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