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Abstract 
Fruit juices are considered to be the most preferred non-alcoholic beverage all over the world to all age groups. In general, microbial 
growth in fruit juice is restricted by using preservatives and also through other environmental factors during production. Still, some 
indicator organisms in fruit juice cause various food-borne diseases and even death. So, it is quite important to know the 
microbiological quality of the juices available in market with regard to public health. The quality control is established to ensure 
maximum production of safe products, so that it could serve the people in desired quality and quantity. Therefore, maintaining the 
quality of processed fruit juices is an important concern. So it is not only the responsibility of the food industry to provide safe and 
nutritious food to the public, but also the duty of government to see that industry is meeting its responsibility. 
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INTRODUCTION 

Various types of fruits and vegetables are grown in 
Pakistan with estimated annual production of 13.2 million 
metric tons. Globally, Pakistan is ranked as 6

th
 producer of 

Kinoo, 5
th
 for Mangoes (Sauco, 2002) and 36

th
 for Apples. 

Mango known as ‘king of fruits’ is the fruit of excellence, 
mainly produced in Southern Asia and has a prominent 
position among the fruit juices grown in Pakistan.  

The sweet orange was reported as the most 
economically important fruit in the world (Spiegel-Roy and 
Goldschmidth, 1996). In Philippines, citrus fruit juices are 
the most popular fruit products (Gabriel et al., 2006). In 
European countries, the orange juice was popular 
beverage (Fry et al., 1995). 

Hygiene quality of fruits can be fairly judged by the 
abundance of microorganisms associated with them. The 
degree of contamination of fruit products largely depends 
on the initial load, source and kinds of microorganisms 

related to the fruits and care taken during collection, 
processing and product handling (Jay, 1991). 

Fruit juices are rich in vitamins and minerals and are 
consumed for their nutritional qualities and refreshing 
character (USDA, 2003; Dosumu et al., 2009). Fruit juices 
have regulatory functions in the body and improves blood 
lipid profile in people affected by hyper-cholesterolemia 
(Kurowska et al., 2000). Fruit juices promote detoxification 
in the human body (Minich and Bland, 2007). Fruit juices 
are a good source of energy because increase the 
retention of magnesium, calcium and nitrogen in the body. 
Juice processing technologies should maximize these 
qualities. Juice is defined as the liquid extracted from the 
whole or cut fruit. Some fruits like apple, banana and 
mango yield little or no juice on squeezing rather the flesh 
obtained will result in dense puree and cannot be 
consumed directly. In case of lemon, extracted fluid is too 
sour to consume and used only after diluting with sugar 
and water. Juice extracted from the fruits is of great 
importance to human health because of its nutritional value 
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(Macrae et al., 1997). Juice may be squeezed from 
crushed fruit material or directly extracted from the fruit 
(Matta, 2002). 

Fruit juices contain water, carbohydrates, proteins, 
vitamins and minerals such as K, Fe, Zn, Ca and Mg and 
are food supplements (Okwu and Emenike, 2006). Fruit 
juices also play role in maintaining health and protect from 
heart diseases and cancer (Wenkam, 1990; Food 
Commission, 2009). Over the last decade packaged juice 
drinks have become more acceptable due to a number of 
factors such as convenience, low cost; environmental 
factors and manufacturers’ competition style (Marsh and 
Bugusu, 2007). However during the process of 
concentration may alter the nutritional value of the juice 
drinks (Lee and Sohn, 2003). Fruit juice concentrates are 
an important ingredient in the manufacture of many 
packaged fruit juices (Hong and Wrolstad, 1990).  
Fruit Juice industry in Pakistan 

The fruit juice industry is considered one of the largest 
industries in Pakistan. Fruit juices, carbonated beverages, 
syrups, powder drinks and mineral water are the products 
of beverage industry. In this study our discussion is about 
fruit juices. In Pakistan, 24 fruit juice processing plants and 
a number of small scale processing units with 400,000 
metric tons per annum estimated capacity (SMEDA, 2007). 
Fruit juice industry is also facing some potential barriers 
such as, the use of inconvenient packaging material, low 
percentage of real fruit juice and lack of awareness about 
the standards for manufacturing. 

In Pakistan, freshly prepared juices are generally used. 
These juices are extracted using blender or squeezing 
machine. The use of packed juices is also increasing with 
the trend of fast foods. These juices are prepared by 
mechanical processes and then preserved by physical 
means using tetra packs and other packaging materials. 
Juices may be directly obtained from fruits and may be 
prepared from concentrates. These may be unpasteurized 
or pasteurized and packed aseptically. Recently, ultra-high 
pressure technology is used to produce pasteurized fruit 
juices. The unlabelled and highly adulterated juices are 
more common because these are much cheaper than 
natural fruits. Major types of juices commonly used include, 
isotonic beverages, nutritional beverages, energy 
beverages, herbal beverages, nutraceutical beverages, 
smart beverages and fun beverages. 
Recommended microbiological standards  

Pakistan Standard Quality Control Authority (PSQCA) 
is working on certain regulations regarding registration of 
products and carrying a safety logo on the package. 
Punishment in the form of fine and imprisonment is also 
announced. There are some International satndards as 
well for fruit juices. Gulf standards, Codex standards which 
are to be followed during the manufacture process to 
assure the quality of juices (Codex Stan., 2005; Gulf Stan., 
2000) (Table 01). 

 

 
Table 1. The recommended microbiological standards for any fruit juices. 

Parameter Total viable count 
CFU/mL 

Coliform 
CFU/mL 

Staphylococci 
CFU/mL 

Maximum count anticipated 5.0×10
3
 10 100 

Maximum count permitted 1.0×10
4
 100 1.0×10

3
 

 
Production of fruit juices 

Various raw materials are used for manufacturing fruit 
juices such as fruit pulp, citric acid, sugar, food color, 
preservatives and artificial flavors. Molasses are used to 
thicken the juices but it must be avoided. Fruit pulp is the 
major component of the high quality juice. Mango pulp is 
used as fillings for fruit juices and drinks (Hussain et al., 
2003). 

Fruit juice production should be done using 
standardized process. There may be some differences in 
type of technology depending upon the type of the fruit 
juice to be prepared and the conditions of the processing. 
The general flow of the manufacturing process is; at first 
the fruit pulp is boiled and transferred to the storage tank, 
then transferred to the sugar hopper. The mixing of the 
pulp and ingredients is done and is sent to syrup storage 
tank. Fruit juice preparation is stored in storage tank. After 
that the contents are filled and packaged. Packaged juices 
are cooled and stored.  

 
  

Shelf life of fruit juices 
The main objective of processing is to preserve the fruit 

or fruit juice in a stable form to supply to local and distant 
markets. The shelf life of the fruit juice depends upon the 
packaging material used and a lot of research work has 
been done on this topic (Zerdin et al., 2003). Imported juice 
products are packed using good quality packing material 
unlike that local products have poor quality packing 
materials and lack proper labeling. Juices should have 
labels indicating the shelf life of the products. Most of the 
imported juices have labels indicating their shelf life. Shelf 
life of the juice products also depend upon volume of the 
pack. Normally juices in 250ml packs have shelf life less 
than 6 months while the juices that are in larger packs have 
shelf life from 6 months to 1 year.  

The main factors that contribute shelf life are quality 
and quantity of preservative and conditions of the 
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production process. Several factors encourage, prevent or 
limit the growth of microorganisms in juices; the most 
important are pH, hygienic practice and storage 
temperature and concentration of the preservative. Storage 
of products at refrigerator temperature or below is not 
always best for the maintenance of desirable quality of 
some fruits. The growth of the pathogens can be favoured 
by changing pH of the juice products (FDA, 2001). 
Use of processed fruit juices 

In the developed countries the trend is shifting to the 
use of processed juices rather than fresh juices. Processed 
juices have more nutritional contents and are available and 
consumed easily. Orange juice is rich in vitamin C, so it is 
most appreciated and consumed among orange juices. 
The parametres like colour, flavour and the evolution of 
vitamin C during storage determine the quality and shelf life 
of the orange juice (Zerdin et al., 2003). Vitamin C take part 
in prevention of many diseases because it has high 
antioxidant power (Tannenbaum et al., 1985). 

The storage conditions play a vital role in the stability of 
vitamin C, it is lost during poor storage conditions due to its 
oxidation (Kabasakalis et al., 2000). The factors that are 
responsible for loss of vitamin C are temperature, dissolved 
oxygen and oxygen barrier (Tannenbaum et al., 1985). The 
quality of the product during shelf life and its cost are also 
contributing factors. 
Packaging of fruit juices 

Now a day’s trend is shifting toward the use of 
Polyethylene Terephthalate (PET) packing because it has 
good mechanical features, clearness, UV resistance and 
provide oxygen barrier. This type of packing has been 
recommended for liquid foods (Zygoura et al., 2004). 
Various parametres should be noted while selecting the 
packing material such as shelf life, storage temperature 
and cost of the product. The amount of oxygen in the pack 
is the major factor which is responsible for the spoilage of 
juice (Soares and Hotchkiss, 1999). Many researchers 
have investigated the effects of oxygen on the quality of 
juice such as deterioration of ascorbic acid, increased rate 
of browsing and the growth of bacteria and moulds (Soares 
and Hotchkiss, 1999). 

The exposure of juice to oxygen is reduced by using 
high barrier materials in traditional methods without 
nitrogen flushing (Zerdin et al., 2003). Aromatic polyamides 
are also used to improve the gas barrier of PET (Hu et al., 
2005). Oxygen scavengers are also used to reduce the 
oxygen content in fruit juices. Some solid foods and orange 
juices are packed in plastic bags using this method (Zerdin 
et al., 2003). Although multilayer PET packings that have 
low permeability to oxygen have been recommended by 
many authors but these are much costly (Siegmud et al., 
2004). So the best way is to use low cost monolayer PET 
packings and the methods to reduce the microbial growth 
so as to make these foods safe for consumption. 

 
 

Microbial contamination of fruit juices 
Micro-organisms are contaminating the food items and 

are increasing food deterioration (Nelson, 1981). Micro-
organisms such as bacteria, viruses, algae, etc, harm the 
food items, they are also found in wine and antibiotics 
(Calloway and Carpenter, 1981). Various bacteria such as 
Bacillus alvei, Bacillus polymyxa, Bacillus subtilis, 
Staphylococcus aureus, Pseudomonas aeruginosa, 
Klebsiella pneumonia, Enterobecter and Escherichia coli 
are found in fruit juices (Iqbal et al., 2015). Micro-organisms 
use human foods as source of their nutrients. They are 
causing food deterioration by increasing their numbers, 
produce enzymatic changes and contribute to flavor. So 
these microbes must be eliminated from the contaminated 
food to preserve it (Ahmed, 1991). Although fruit juices are 
acidic in nature, high moisture content favors the growth of 
bacteria and yeast. Normally at room temperature, 
alcoholic fermentation and oxidation of alcohol and fruit 
acid by yeast and mould take place (Macrae et al., 1997). 

Many outbreaks of Salmonella spp. have been linked 
with the consumption of unpasteurized juices (Harris et al., 
2003). Federal Analysis Critical Control Point Program has 
been implemented by the U.S. Food and Drug 
Administration to reduce microbial population from fruit 
juices by 5 log 10 cycles (Goodrich et al., 2005). One of the 
best methods for removing microbes from fruit juices is 
Pasteurization (Silva and Gibbs, 2001). Being most popular 
thermal pasteurization may damage the nutritional 
ingredients. 
Preservation of fruit juices 

In Pakistan, mostly chemical preservation is used 
because it is cheaper than other methods. In this method 
various chemical preservatives are used to inhibit the 
microbial growth, thus preventing the juices from spoilage. 
Most of the preservatives are used in combination because 
none of the single preservative is effective if used alone 
(Chipley, 1983). Among more commonly used 
preservatives are sodium benzoate and potassium meta 
bisulphate because they show better antimicrobial activity 
(Lueck, 1990). It is reported that sodium benzoate is 
effective against some yeast strains and spoilage causing 
organisms (Sofos et al., 1986). The maximum levels for 
these chemicals are 1000 mg/kg for sodium benzoate and 
500 mg/kg for potassium meta bisulphate (Codex 
Standard, 2005). Emerging food borne diseases are due to 
the illegal use of these preservatives because microbes 
have developed resistance (Akinpelu, 2001). 

Non thermal treatments have also been attempted to 
reduce the microbial population of fruit juices. Germicidal 
effect of Ultra violet light has been considered to combat 
various micro-organisms (Bintsis et al., 2000). Fruit juice 
processing plant surface, water and liquid foods were 
disinfected using 254 nm wavelength of UV light (Guerrero 
and Barbosa, 2005). This method is advantageous 
because no toxic waste products are formed during 
processing, certain organic contaminants are produced 
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which can be removed easily. Also this method does not 
change the flavor and colour of the juice products. The 
expenditure of energy is also minimum (Keyser et al., 
2008). 

Thermal processing changes the color and also 
damages the nutritional contents (Choi and Nielson, 2005). 
UV light treatment maintains physical attributes of juices 
such as the color and aroma (Tran and Farid, 2004). In the 
modern era the demand of the people is safe and fresh like 
foods (Mittal and Griffiths, 2005). The need of the hour is to 
develop such technologies which retain the nutritional 
contents of foods. One of the methods is the high intensity 
pulsed electric field treatment that inactivates the 
pathogenic and spoilage microbes without damaging the 
flavor, color and nutrients (Cserhalmi et al., 2006). The 
combination of this technology with other methods seems 
to be more effective (Sobrino and Martin-Belloso, 2006). 

The fluids are placed between two electrodes and high 
intensity electric pulses are applied to inactivate or reduce 
the microbial population. This method has been found to be 
effective against Salmonella spp. and E. coli in orange 
juices (Mosqueda et al., 2007). It is required that the data 
regarding microbial inactivation using this method should 
meet commercial standards (Liang et al., 2002). According 
to the limits set by U.S. Food and Drug Administration, the 
novel technologies should achieve 5 log 10 reductions of 
microorganisms (USFDA, 2002). By the development of 
better preservation methods it has become possible to 
supply good quality fruit juices to heavy populations. 
Fruit juice intake and human illness 

The consumption of raw and unpasteurized fruit juices 
has been associated with human illness in United States 
(Deroever, 1998). Salmonellosis, E. coli O157:H7 infections 
and enterotoxigenic E. coli were found to be associated 
with various fruits and vegetables. Various types of 
microorganisms are found on the surface of fruits before 
harvest and it depends upon the conditions (Brackett, 
1999). Microbes associated with most vegetables are 
Gram negative bacteria whereas yeast are found 
dominating the surface of fruits due the low acidic pH of 
fruit tissue (Splittstoesser, 1987). 

Various outbreaks of illness in humans has been 
reported to be associated with consumption of 
unpasteurized fresh fruit juices. In 1995, more than 60 
visitors were affected due to the consumption of 
unpasteurized fresh orange juice contaminated with 
salmonella in Florida Theme Park, USA (Schmidt et al., 
1997). In recent years, there are also reports of E. coli 
0157:H7 and Salmonella infections (Centers for Disease 
Control, 1996) which have developed awareness about the 
pathogens present in fruit juices which were previously 
thought to be pathogen free due to their acidic nature. U.S. 
Food and Drug Administration have altered regulations 
labeling laws, to include warning labels on unpasteurized 
fruit juices. The interest about the development of effective 

methods to inactivate or kill microbes is also the part of 
these regulations. 
Survival of bacteria in fruit juices 

The growth and survival of bacteria is limited due to 
low pH of fruit juices. pH range for citrus juices is 2.2 to 2.6 
which do not support the growth of spoilage bacteria. 
Orange juice has pH between 3.4 to 4.0 which supports the 
growth and survival of Lactobacillus spp. and Leuconostoc 
spp. Pathogenic bacteria can survive at pH as low as 2.5 
(De Jonge et al., 2003). Abnormal flavor and color of juices 
have been reported by these bacteria. These bacteria 
cannot grow in concentrates because they have high sugar 
concentrations. The temperature which favors the growth of 
bacteria is also an important factor. When fruit juices are 
kept at normal temperatures it enhances the growth of 
acetic acid bacteria. Normally fruit juices are kept at 
moderate temperatures before refrigeration so it can 
increase the microbial population in the juices. During the 
processing, the use of high temperature evaporator killed 
most of the microbes, if some survive they are killed during 
freezing, the freezing process will preserve the ultimate 
survivors. Improper processing methods and unheigenic 
conditions are indicated by higher counts of microbes in 
fruit juices. So there should be few microbes in the frozen 
juice concentrates. 
Indicator organisms 

Coliforms are commonly called as indicator organisms 
for foods and water (Cabelli, 1978), are very rare in fruit 
juices. Sometime false positive results appeared but these 
are not human or animal fecal coliforms. Viability of 
coliforms in frozen concentrates is very little but these can 
survive in fresh juices. So there is no significance of 
coliforms in frozen juices as health hazard. Spores of some 
microbes such as Clostridium botulinum can survive these 
conditions. The need of the hour is to improve the sanitary 
conditions to rule out the probability of any coliforms in 
foods. It is also required to reduce the growth of lactic acid 
bacteria to prevent spoilage. 
Spoilage of fruits and fruit juices 

Fruit and fruit juices are generally contaminated with 
bacteria, often from insect damage. Fallen fruit thus be 
avoided were possible for all of the risks. Flavoring, water 
and other chemical are all potential sources of microbial 
contamination. Bacterial that have been associated with 
spoilage in fruit juice industries include Acetobacter, 
Bacillus spp, Clostridium spp, Gluconobacter, 
Lactobacillus, Leccuonostoc, Saccharobacter, Zymobacter 
and Zymomonas . Gluconobacter is common spoilage 
agent of fruit juices. 

The types of spoilage associated with fruit drink 
includes flat sour by Bacillus thermoacidurans, butyric 
anaerobes by Clostridium butyricum and nonspore formers 
(mostly lactic acid types of bacteria) by yeast and moulds. 
Common food poisoning bacteria Salmonella breandercup, 
Salmonella enteritidis, Staphylococcus pyogenes, 
Clostridium welchii, Clostridium botulinum, Vibrio 
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parahaemolyticus and Bacillus cereus. Acid forming 
microaerophilic bacteria such as the lactobacilli tolerate 
lower pH values down to 3.5 in the case of some strains 
(De Jonge et al., 2003). 

 
Fruit juices and antibiotic resistance  

The emergence of bacteria resistant to most of the 
commonly used antibiotics is of great medical significance 
(Khan and Malik, 2001) because of the public health 
threats. Study of the antibiotic resistance of isolated strains 
of Staphylococci and Escherichia coli from foodstuffs is of 
utmost importance to public health workers, veterinarians, 
food microbiologists and those interested in bacterial 
zoonosis. The constant exposure of the body flora of man 
and animals to antibiotics has led to the selection and wide 
dissemination in human populations of antibiotic-resistant 
strains of bacteria. The incidence of bacterial resistance 
among bacteria isolated from food materials, sewage and 
water is reported several times (Khan and Malik, 2001; 
Malik and Ahmad, 1994). Manie et al. (1999) reported high 
incidence of multiple antibiotic resistant (MAR) pathogenic 
bacteria in unpasteurized and pasteurized packaged milk. 
These resistant bacteria can be transferred to humans 
through the consumption of milk, fruit juices and other 
foods, thus making it difficult to treat the resultant food-
related infections. 

The use of antibiotic(s) after the intake of the 
organism(s) may not be effective as the organisms may be 
susceptible or resistant to it. Resistance to antibiotics in 
foodborne pathogens may create problems for disease or 
illness treatment while antibiotic susceptibility leads to 
healing of the illness which the organism(s) caused. An 
increase in the incidence of multidrug-resistant Salmonella 
has been reported in Ethiopia (Wolday, 1998).  

The foods of animal origin and contaminated foods 
have been implicated with epidemics. The magnitude of the 
problem could be better understood if we have knowledge 
about the resistance in bacterial and animal species and by 
this we can take proper actions (Caprioli et al., 2000). 
 

CONCLUSION AND RECOMMENDATIONS 
It is required to maintain the quality of natural products 

within standard limits, and the producers should be 
registered. Generally quality control is concerned with the 
inspection of raw materials, those materials which are in 
process and the finished products. Sometime only 
inspection of the finished products is done which makes the 
quality control an inspection. 

It is the attribute of a good control system to reject 
substandard ingredients before the process begins and 
once, it has begun, prevents wastage of good raw material. 
Therefore, maintaining the quality of processed fruit juices 
is an important concern. So it is not only the responsibility 
of the food industry to provide safe and nutritious food to 
the public, but also the duty of government to see that 
industry is meeting its responsibility. 
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