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Abstract

Objective

Fruit juice is a product obtained mechanically from healthy and ripe fruits. Due to its richness in
essential vitamins and nutrients, it can strengthen the immune system and protect the body against
various diseases. Traditional fruit juices prepared and sold by juice vendors, despite their pleasant
taste and retention of vitamins and minerals, may be contaminated with pathogenic agents. These
contaminations can occur during different stages of production, including cultivation, harvesting,
juice extraction, use of additives, poor hygiene practices by staff, or through contaminated
containers, surfaces, and equipment used in the sales environment. The most significant
contaminants in fruit juices include coliform bacteria, Salmonella, Escherichia coli, and
protozoan parasites such as Cryptosporidium, Giardia, and Entamoeba. This study aims to
investigate certain microbial (coliforms, Salmonella, and E. coli) and protozoan
(Cryptosporidium, Giardia, and Entamoeba) contaminations in traditional fruit juices of Alborz

Province for the first time.

Materials and methods
A total of 100 fruit juice samples were randomly purchased from various sales locations in Alborz
Province, collected in sterile glass containers, and immediately transported on ice to the Food

Laboratory of Islamic Azad University, Karaj. The samples were tested for microbial
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contamination (microbial cultures) and protozoan contamination (specific staining and
polymerase chain reaction). Statistical analysis was performed using SPSS v.22. To assess the
relationship between juice type and parasitic contamination, Phi and Cramer's V tests were used.
For comparing molecular and staining methods based on microscopic observations, binomial
distribution and Kappa coefficient tests were applied. One-way ANOVA and Tukey's test were

used for microbial analysis.

Results
Contamination rates for E. coli and Salmonella were 24% and 25%, respectively. Protozoan
contamination rates for Entamoeba histolytica, Cryptosporidium, and Giardia were 17%, 11%,

and 14% using specific staining, and 6%, 10%, and 14% using PCR.

Conclusion

This study revealed that traditional fruit juices offered to the public can be a source of microbial
and protozoan parasitic infections transmissible to humans. Therefore, continuous monitoring,
education, and inspection by health experts at juice and traditional food sales centers can help
reduce juice-borne diseases.
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Introduction

Food can be considered one of the main sources of chemical and biological contamination.
It is estimated that about 70% of infectious diseases, including more than 450 types of viral,

parasitic, fungal, and bacterial diseases, are transmitted to humans through unsafe food. Fruit juice
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is among the most widely consumed beverages worldwide. In addition to supplying the body’s
water requirements, it provides natural antioxidant compounds that may play a role in preventing
cardiovascular diseases and certain cancers. However, fruits and vegetables used in juice
processing may be exposed to microbial and parasitic contamination. Such contamination can
occur through irrigation with polluted water, the use of human and animal fertilizers in farms, and
chemical pollutants resulting from pesticide application. Parasitic diseases are among the most
common human infections. Fruit juice is a liquid naturally found in plants and is one of the most
popular beverages worldwide. It is an unfermented but fermentable product, clear or turbid,
obtained mechanically or manually from healthy and ripe fruits, consumed directly, and
considered a significant source of micronutrients such as minerals and vitamins. It also serves as
an appropriate means of replenishing body fluids, particularly in hot seasons. These juices contain
natural antioxidant compounds that help prevent many diseases, including cardiovascular
disorders and certain cancers. In the market, two types of fruit juices are available: packaged and
freshly prepared. Fresh juices offered in juice shops, although more palatable and richer in
vitamins and minerals, can act as potential sources of contamination if hygienic standards in
washing, extraction, and distribution are not observed. Contamination may occur either before or
after juice extraction. Among the most important pathogenic bacteria contaminating fruit juices
are various coliforms, fecal coliforms, Staphylococcus aureus, molds, yeasts, and Salmonella.
Coliforms are considered reliable microbial indicators for assessing hygienic quality. Escherichia
coli and Salmonella, members of the Enterobacteriaceae family, are recognized as fecal-origin
contaminants and foodborne pathogens. The growth of molds and yeasts is also hazardous due to
their production of mycotoxins, which can have fatal effects on humans. The presence of these
microorganisms in liquid food products such as fruit juices indicates the possible existence of
pathogens and deficiencies in hygienic practices during production, storage, or packaging.
Therefore, in food quality control, precise microbial evaluation—such as testing for coliforms
and intestinal microorganisms, is essential. The aim of this study was to investigate some
microbial and protozoan contaminations in traditional fruit juices of Alborz Province, conducted

for the first time in this region.

Materials and Methods

This descriptive cross-sectional study was conducted on 100 samples of traditional fruit
juices (carrot, carrot-ice cream, banana-milk, mango, watermelon, sour cherry, melon, apple,
celery, pomegranate, melon-ice cream, barberry, orange) collected from juice shops across Alborz
Province during the spring and summer of 2024. For each sample, 600 mL of juice was collected

in sterile glass containers, immediately placed on ice, and transported to the Food Hygiene
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Laboratory of Islamic Azad University, Karaj. Initially, 100 mL of each sample was mixed with
50 mL of distilled water, and the suspension was passed through two layers of sterile medical
gauze. Each sample was centrifuged twice at 2000 rpm for 5 minutes using a digital 8-branch
centrifuge (Hettich, Germany, model EBA20). The supernatant was discarded, and the pellet was
resuspended in 5 mL of phosphate-buffered saline (PBS). To detect Crypfosporidium oocysts,
Entamoeba cysts, and Giardia cysts, three smears were prepared from each homogenized sample.
Modified Ziehl-Neelsen and Trichrome staining methods were applied. Slides were examined
microscopically in triplicate for the presence or absence of protozoa. Genomic DNA was
extracted from the samples and was stored at —20 °C until PCR analysis (within one week). PCR
reactions were performed. Serial tenfold dilutions of juice samples were prepared. For surface
plating on nutrient agar, 0.1 mL of each dilution was inoculated, and plates were incubated at 37
°C for 24 hours. Each culture was performed in duplicate. Plates with standard colony counts (30—
300 colonies per plate) were selected, and the mean colony counts were calculated. Coliforms
were enumerated using the Most Probable Number (MPN) method with a 9-tube series arranged
in three sets of triplicates, inoculated into Brilliant Green Bile Lactose Broth (BGB) and incubated
at 37 °C / 48 hrs. Positive tubes (turbidity and gas in inverted Durham tubes) were confirmed by
reinoculation into fresh BGB medium with Durham tubes at 37 °C / 48 hrs. For fecal coliform
confirmation, positive tubes were transferred to peptone water and BGB, incubated at 44 °C/24
hrs. Positive results were indicated by turbidity in BGB, gas production in Durham tubes, and a
red ring after Kovac’s reagent in the indole test. Additionally, Eosin Methylene Blue (EMB) agar
was used for selective identification of E. coli. Plates were incubated at 37 °C/ 48 hrs, and colonies
showing a characteristic metallic green shine were considered indicative of E. coli. For
Salmonella detection, 25 g of each sample was mixed with 225 mL of lactose broth and incubated
at 37 °C/18 hrs. One milliliter of this culture was transferred to enrichment media (Tetrathionate
broth and Selenite cysteine broth), incubated at 44 °C and 37 °C respectively for 24 hours. A
loopful from each enrichment culture was streaked onto selective media: Salmonella-Shigella
agar (SSA) and Brilliant Green agar (BGA). After 24 hours of incubation at 37 °C, colonies
appearing colorless with black centers on SSA and pink-red colonies on BGA were considered
presumptive Sa/monella. Suspected colonies were further confirmed using Triple Sugar Iron agar
(TSI), Lysine Iron agar (LIA), and urea tests. For parasitological examinations, statistical analysis
was performed using SPSS version 22. The relationship between juice type and parasitic
contamination was assessed using Phi coefficient and Cramér’s V. Comparison of molecular and
microscopic diagnostic methods was conducted using the Binomial test and Kappa coefficient.
For microbiological assays, one-way analysis of variance (ANOVA) followed by Tukey’s post

hoc test was applied to evaluate significant differences among groups.
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Results

The results of protozoan contamination in fruit juice samples, detected by both specific
staining and molecular (PCR) methods, are presented in Table 2. Microscopic staining revealed
contamination with Cryptosporidium, Entamoeba histolytica, and Giardia in 11%, 17%, and 14%
of samples, respectively. Using PCR, contamination rates were 10%, 6%, and 14%, respectively.
Correlation analysis using Phi coefficient and Cramér’s V showed values of 0.351 for
Cryptosporidium, 0.301 for Entamoeba histolytica, and 0.412 for Giardia. In all three cases, no
significant association was observed between juice type and protozoan contamination (P < 0.05).
McNemar’s test and Kappa coefficient were used to compare the diagnostic agreement between
staining and PCR methods. Significant agreement was found for all three protozoa. Kappa values
for Cryptosporidium, Entamoeba histolytica, and Giardia were 0.947, 0.475, and 0.751,

respectively.

Conclusion

Consumption of fruit juices, particularly in summer, is widespread. However, traditional
juices may serve as reservoirs of microbial and protozoan pathogens. In this study, contamination
rates of 24% for E. coli and 25% for Salmonella were observed, with apple and melon juices
showing the highest prevalence. Protozoan contamination rates were 11%, 17%, and 14% by
microscopy and 10%, 6%, and 14% by PCR for Cryptosporidium, Entamoeba histolytica, and
Giardia lamblia, respectively. These contaminations may result from irrigation with unsafe water,
use of human and animal fertilizers, animal intrusion in orchards, handling by infected personnel,
and contact with contaminated equipment and surfaces. Such pathogens can cause diarrhea,
systemic inflammation, and infections in humans. Therefore, continuous monitoring and
inspection by health authorities, mandatory training of juice vendors, regular disinfection
practices, and routine health checks of staff are strongly recommended to prevent the transmission

of these zoonotic diseases to consumers.
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Table 2. Contamination of different types of fruit juice with the protozoa Cryptosporidium,

Entamoeba histolytica, and Giardia using microscopy and PCR methods

laal S Sl
Giardia Ls,L; 1S granrLuolis] PYVEVETWICIR ¢ Number sl ogee ol £
Entamoeba histolytica Cryptosporidium Type of fruit
o) o) U9 U9 o) o9 Juice
PCR 68 S PCR g PCR 089S
PCR Microscopy PCR Microscopy Microscopy
3 2 0 4 1 1 15 Carrot gs»
1 1 0 2 1 | 5 e gt
Carrot-ice
MilK- jg0 — i
2 2 2 2 2 3 15 X7 Joe e
banana
0 1 0 0 0 0 7 Mango 4l
.I .
0 0 1 3 0 0 10 .
Watermelon
3 3 1 1 3 3 7 Sour 5]
cherry
L
2 1 2 3 1 1 16 o
Cantaloupe
0 1 1 10 Apple o
0 1 1 8 Celery _.é,8
Ul
0 0 0 0 0 0 3 ’
Pomegranate
s A
0 0 0 0 0 0 1 Cantaloupe-
ice
1 1 0 1 0 0 1 Jx
Orange
0 0 0 0 0 0 2 ”
Barberry
14 14 6 17 10 11 100 Eoeze
Total
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Figure 1. PCR results for Cryptosporidium protozoa in fruit juice samples. M: DNA marker

(250 bp), C+: positive control, C-: negative control, expected band size: 715 bp
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SU Cda €Y 1050 3,90 Wb 03I o J 5iS 1C- (e J S diged :CH (55U
Figure 2. PCR results for Entamoeba histolytica in fruit juice samples. M: DNA marker
(250 bp), C+: positive control, C-: negative control, expected band size: 439 bp
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Figure 3. PCR results for Giardia protozoa in fruit juice samples. M: DNA marker (250 bp),

C+: positive control, C-: negative control, expected band size: 321 bp
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Figure 4. Prevalence percentage of Escherichia coli in different types of fruit juice in Alborz
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Figure 5. Prevalence percentage of Salmonella in different types of fruit juice in Alborz

Province
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Table 3. Total aerobic mesophilic bacteria and coliform counts in fruit juice samples in

Alborz Province (Mean + Standard Deviation

P IS LbysSh IS s yles slesTreatment (Fruit juice)
Coliforms (MPN/mL)  Total aerobic mesophilic
bacteria (log CFU/mL)

1.75 + 1.62° 46+1.2° Carrot juice zsh <

3.09 £ 0.36° 5.640.9° Carrot-ice s gn
juice

2.70 £0.72° 5.95+0.9¢ banana
juice

2.86 + 0.49 4.93 +0.95 Mango 4l
Juice

3.24+0.54° 5.38 +0.75¢ Watermelon wlgsin
juice

0.37+0.16° 2.81 +0.71° Sour cherry Pl
Juice

3.01 £ 1.04° 5+1.17¢ Cantaloupe b
juice

3.31+0.77° 4.83 +0.53 Apple juice o

3.28 +£0.76° 4.47 +0.73% Celery juice oS ol

(p<0.05)silue H> sme (gyle] OS] S5LiS Lpigin 5D dilite pue gyt

sewwo! (Rezavi et al., 2011) jloal 5 sy (coges O bt ygewgin S (Sagll ¢ alisee Slalllas 4

o535 (Morgan & Thompson, 1998) aogwe Ul g yuis <ol 5 (Deng & Cliver, 2000) JoSge b9, 4 03 90l
Ol 2o)d ¥O pmizmen .l 48,5 )1E wyp 590 I 5391 ol dgmg a1 351 g wldg, sl pgw ol ond
M claslis > V/E 5 onis adal Ol aoys ¥/ ol51 lacl asys ¥/0 (Wallis et al., 1996) )b Cl,bl 4154,
) gy 4 wisei V) g JsSUge by 4y adlllas 350 (glmogee Ol Sl digei) e ol adllas )3 kidg: paady gt S 4 03l
ool 4 Sl g g (S9l] Gogas ) izmed Ab b)) Cuto paryjsposiny S Al SO jpds blod Sl (gl
ly ool (5391 Il oldlie 4l 4w ,> (2002) Houshyar et al. _iagh ,5 .ol 485 &g iliseo Slalllas
e 65 a8 am o L JUg ladllas zuls 905 (5,155 Hladlolis] g doys VIY 1) K giunliolisly 163,8" samliio
il 9Sug,Sae o) 4 (Mo YW)igai) e+ 33,90 VY | (Stptunaleoli/ 55 yols anlllae y3. A so Hlaasdloli] 4l ) 5
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