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With a previous observation of the in vitro anti-bacterial traits posed by both local and imported fruit 

alcoholic extracts, present study further endeavored principally to chalk out such properties of the 

imported fruit blends without alcoholic extraction. Experiments regarding microbiological load 

demonstrated the prevalence of huge number of total viable bacteria (~107 cfu/g) as was also observed 

in the earlier research while the fungal load was nominal. Among the pathogenic bacteria, 

Pseudomonas spp. was found to be more prevalent, closely followed by staphylococcal proliferation. 

The study of anti-bacterial activity revealed that guava, apple and malta samples possessed strong anti-

bacterial traits while the dragon fruit samples exhibited least activity and the orange samples were 

found with moderate anti-bacterial activity. On the basis of our earlier results, the findings of the 

current study thus put forward a comparison among the alcoholic extracts and the crude fruit blends. 
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   Fresh fruits are vital parts of human diet because of 

their multi-dimensional nutritional benefits along with 

the traits of being natural antioxidants and 

antimicrobials (1-6). Conversely, fresh fruits may play 

role as potential vehicles for the transmission of 

bacterial, parasitic and viral pathogens to the consumers 

ultimately leading to the possibility of the onset of food 

borne diseases (5-10). Earlier studies with fresh fruits 

and vegetables revealed the huge growth and 

proliferation of huge bacteria and fungi, especially of 

Staphylococcus spp., Pseudomonas spp., Listeria 

monocytogenes, Escherichia coli, Salmonella spp., 

Vibrio spp. and Aeromonas spp. (5, 6, 9, 11-13). Such 

microbial contamination in fresh produces has been 

observed to take place from human, animal and 

environmental sources during growth, harvesting, 

transportation and also due to the unhygienic 

processing and handling of the products (5, 6, 8, 9). 

Therefore, a complete microbiological profiling of fresh 

fruits may be useful for the consumer safety. Earlier 

studies on alcoholic extracts of local and imported fruits 

and as well as on local fruit blends revealed the strong 

antimicrobial traits of fruits, further necessitates to 

study on imported fruits blends to investigate 

antibacterial activity and also their microbiological 

profile (5, 6).  

   A common problem regarding the medication                          
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inefficiency due to the rise of antibiotic resistances has 

recently gone far posing severe public health threat in the 

developing countries like Bangladesh (14-16). The reason 

behind such drug resistance have already been well 

known, especially contributed by the natural transfer of 

the drug-resistance genes accompanied with the mass 

consumption of non-prescribed antibiotics (14-17). To 

combat such problems associated with the antibiotic 

usage, natural products are being recently explored for 

their strong anti-bacterial activity without any side effects 

(11, 18, 19). Along with proven medicinal plants, fresh 

fruits are being widely studied now-a-days for medications 

against pathogenic organisms as they have been reported 

to possess many of the known phytochemicals capable of 

performing an array of beneficiary biological functions 

including anti-bacterial activities (19-23).  

   In this context, earlier we examined the anti-bacterial 

activity of the crude blends of the local fruits, and of the 

alcoholic extracts of both local and imported fruits 

randomly collected within Dhaka metropolis (5, 6). Both 

the studies revealed a huge number of microorganisms 

within the samples tested and conversely significant anti-

bacterial traits were also noticed. Such observation further 

led us to investigate the probability of the existence of the 

anti-bacterial activity of the crude blends of commonly 

imported fruits.  
 

MATERIALS AND METHODS 
 
   Sampling and sample processing. Imported samples of five types of fresh fruits 

including Guava (Psidium guajava), malta (Citrus sinensis), apple (Malus                
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domestica), orange (Citrus reticulate) and dragon fruits (Hylocereus polyrhizus) 

were randomly collected from super shops within the city of Dhaka, 

Bangladesh (5, 6). Samples were collected early in the morning and transported 

quickly to the laboratory according to the standard method (5, 24). 

Microbiological analyses were carried out according to standard procedures as 

described earlier (5, 6, 8, 9, 25). Briefly 10 g of each fruit sample was 

homogenized with 90 ml normal saline and serial dilutions were prepared up to 

10-6. 

   Quantification of microorganisms. For the enumeration of total viable 

bacteria (TVB) and fungi, 0.1 ml of each sample from the dilutions 10-3 and 10-5 

was spread onto the nutrient agar (NA) and Sabouraud’s dextrose agar (SDA) 

plates, respectively (5, 6). The NA plates were incubated at 37 C for 24 hours 

and the SDA plates were incubated at 25 C for 48 hours. For the estimation of 

specific bacterial pathogens, 0.1 ml from each of the 10-3 and 10-5 dilutions of 

all samples were spread onto the membrane fecal coliform (MFC) agar and 

MacConkey agar for the enumeration of total fecal coliform (TFC), and 

coliforms (i.e., Escherichia coli and Klebsiella spp.), followed by incubation at 

44.5 C and 37 C for fecal coliform and coliforms, respectively for 24 hours. 

Likewise, Staphylococcus spp. was isolated by spreading 0.1 ml of the diluted 

samples onto the mannitol salt agar (MSA). The plates were incubated at 37 C 

for 24 hours.  

   For the isolation and quantification of Salmonella, Shigella, and vibrio spp., 

the enrichment procedure was applied as described earlier (9). For this purpose, 

after completing homogenization, 1 ml of samples were transferred into 9 ml of 

selenite cysteine broth (SCB) and alkaline peptone water (APW) for the 

enrichment of Salmonella, Shigella, and vibrio spp., consecutively and 

incubated at 37 C for 4-6 hours (9). An aliquot of 0.1 ml of each of the sample 

from 10-3 and 10-5 dilutions were spread onto Salmonella-Shigella (SS) agar 

and thiosulfate citrate bile salt sucrose (TCBS) agar for the isolation of 

Salmonella spp. and Shigella spp., and Vibrio spp., consecutively. Followed by 

incubation at 37 C, the appearance of typical colonies (if any) was noticed 

within for 24-48 hours. Finally, a series of biochemical tests were conducted to 

confirm the identity of all the isolates as described previously (8, 9, 25). 

  Determination of anti-bacterial activity. Determination of anti-bacterial 

activity was performed by using the agar well diffusion method as previously 

described (5, 6, 12, 26). Culture suspensions of 9 laboratory bacterial strains 

(Bacillus spp., Pseudomonas spp., Vibrio spp., Escherichia coli, Klebsiella 

spp., Staphylococcus spp., Listeria spp., Salmonella spp., and Aeromonas spp.) 

were prepared in normal saline equivalent with the turbidity of the McFarland 

standard. Each of the test bacterial lawn was made by separately spreading 

evenly over the separate Muller-Hinton agar (MHA). Wells with volumes of 8 

mm3 were made through the MHA (5, 6). Each of the crashed fruit blends (100 

µl) was added to the wells along with the disc of gentamicin 10 g as the 

positive control and an aliquot of 100 l normal saline was used as the negative 

control (11). After drying the plates were then incubated at 37 °C for 12-18      
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hours. Presence of clear zone (if any) around the samples was analytical for the 

existence of the anti-bacterial traits of the samples studied. 

 

RESULTS AND DISCUSSION  

 

   Prevalence of microorganisms in the tested samples. 

Microbiological contamination of fresh produces is well 

known with its impact on the onset of food borne illness 

associated with morbidity and mortality (3, 5, 6, 8, 9, 11, 

27-29). In cohort to the previous findings, in the current 

investigation, almost all fruit samples examined were 

found to be contaminated with colossal number of bacteria 

and a comparatively moderate load of fungi, mostly 

observed in the skin portions (Table 1). A massive 

bacterial load of ~107 cfu/g was observed along the skin 

portions of dragon fruit samples, guava and apple samples, 

while the flesh portion harbored relatively lower number 

of microorganisms (Table 1). The skin and flesh portions 

of both orange and malta samples were found to be 

contaminated with the bacterial load of 105 cfu/g and 107 

cfu/g, respectively. Among the tested samples only the 

core portions of orange and dragon fruit were free form 

fungal spoilage; whereas in other samples a nominal 

proliferation was noticed (~102 cfu/g). Among the 

bacterial pathogens, Pseudomonas spp. was mostly found 

to adapt in skin and flesh portions of all fruit samples; 

whereas Shigella spp. was completely absent (Table 1). 
Proliferation of Pseudomonas spp. was more prevalent in 

skin portions (~103 cfu/g), while the bacterial bio-burden 

in the flesh portions was recorded to be around 102 cfu/g. 

Besides Pseudomonas spp., the staphylococcal load was 

scored to be in the rage of 102 -103 cfu/g and the load of 

Escherichia coli was marked up to 102 cfu/g. Klebsiella      
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Guava 
Skin 3.9×107 2.1×102 1.8×102 5.0×102 2×102 0 1.1×103 1.5×103 5.5×101 1×101 2×101 

Core 1.2×105 1.0×102 5.0×102 0 0 0 0 2×102 4×102 0 0 

Apple 
Skin 2.3×107 2.0×102 4.0×102 2.0×102 4.0×101 0 9.0×102 8.0×102 0 9.0×101 0 

Core 2.0×105 1.5×102 0 0 0 0 5.2×102 1.5×103 0 0 0 

Orange 
Skin 3.4×106 2.3×102 0 0 0 0 4.1×102 3.8×103 0 0 0 

Core 1.1×105 0 0 0 0 0 4.0×102 9.0×103 7.0×102 0 0 

Malta 
Skin 3.8×106 2.9×102 9.0×102 0 0 0 2.8×102 3.3×102 0 0 0 

Core 2.5×105 9.0×102 1.0×101 0 0 0 0 7.5×102 1.8×102 0 0 

Dragon 

fruit 

Skin 5.6×107 3.6×102 0 0 0 0 4.2×103 3.5×103 0 0 0 

Core 2.8×104 0 1.2×101 0 0 0 0 1.8×103 0 0 0 

 

TVB = Total viable bacteria 

 

 

 

 

TABLE 1. Microbial load in the imported fruit samples 
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Spp., Salmonella Spp. and Vibrio spp. was found only 

in the skin of guava and apple samples (~102 cfu/g). 

Fecal coliforms were noticed only in skin of guava 

samples. 

   Overall, the proliferation of microorganisms was 

noticed to be the highest in the guava samples followed 

by apple samples while dragon fruit samples were 

found with the least bacterial load, and the orange and 

malta samples were found to be contaminated to a 

moderate extent compared to those in the guava and 

apple samples. The contamination might take place at 

one or more stages of production to consumer chain and 

might be due to lack of the standard post-harvest 

decontamination procedures (3, 5, 6, 8, 9). 

   Anti-bacterial activity of fruit blends against 

microorganisms. As stated earlier, our previous studies 

unraveled the fact of strong anti-bacterial activities of 

the alcoholic extracts of local and imported fruits (5, 6). 

As a continuation of our earlier research, further anti-

bacterial activity of the local fruit blends, without 

treating with methanol or ethanol, was observed that 

might facilitate the projection on such activities of the 

crude and consumable fruit blends. In the present study, 

guava, apple and malta samples were observed to 

possess stronger anti-bacterial traits than those of others 

(Table 2). In case of guava sample, skin portions 

showed the activity against 7 bacterial strains with zone 

of inhibition in the range of 7-12.4 mm; while the core/ 

flesh portions were found to be moderately active 

against Pseudomonas spp., Vibrio spp. and Salmonella 

spp. Although the skin portions of apple samples were 

noticed to exhibit the anti-bacterial activity against 5 

test organisms, and the highest activity was scored 

against Vibrio spp. with an inhibition zone size of 23.85 

mm; the flesh portions were found to elicit the activity  
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only against 3 test microorganisms. Neither skin nor the 

flesh portions of guava samples showed the anti-bacterial 

activity against E. coli and Aeromonas spp. 

   The core/ flesh portions of the malta samples studied 

were found to exhibit the activity against 6 test organisms 

with the zone size in the range of 8-12 mm; however, the 

skin portions were found to exert activity only against 

Pseudomonas spp. and Staphylococcs spp. Both skin and 

flesh portions of the orange samples showed moderate or 

even low antibacterial activity against 3 and 4 test 

organisms, respectively and neither skin nor the flesh 

portions were noticed to show any activity against Bacillus 

spp. and Listeria spp. The lowest anti-bacterial activity 

was exhibited by the skin portions of dragon fruit samples, 

which was against Staphylococcs spp. (with the zone of 

inhibition of 10.20 mm), whereas the flesh portions 

showed activity against Bacillus spp. Vibrio spp. (Table 

2). 

   In agreement with the previous studies, our current 

investigation revealed that Pseudomonas spp. was the 

most susceptible bacterial strain towards the activity posed 

by the fruit blends (2, 6, 21). The susceptibility of the test 

bacteria could be ordered as following: Pseudomonas spp. 

against 7 fruit blends ( both skin and core of guava, apple 

and malta, and only skin of orange); Vibrio (both skin and 

core of guava and orange, only skin of apple, and only 

core of dragon fruit) and Staphylococcs spp. (both skin and 

core of malta, only skin of guava, orange and dragon fruit, 

and only core of apple)  against 6 fruit blends each; 

Bacillus (only skin of guava and apple, and only core of 

malta and dragon fruit) and Listeria spp. (both skin and 

core of apple, only skin of guava, and only core of malta)  

against 4 fruit blends each; Escherichia coli (only skin of 

guava and only core of orange and malta), Salmonella  

spp. (only skin of apple and only core of guava and           
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TABLE 2. Anti-bacterial activity of the imported fruit blends 

Sample Fractions 

Zone of inhibition (mm/10µl) against test organisms 
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Guava 
Skin 11 12.4 10.2 9.7 0 10 7.0 0 9.5 

Core 0 9.7 10.8 0 0 0 0 8.5 0 

Apple 
Skin 10 12.4 23.9 0 0 0 8 10 0 

Core 0 11.9 0 0 0 9 8.7 0 0 

Orange 
Skin 0 9.5 12 0 0 7.3 0 0 0 

Core 0 0 11 8.4 0 0 0 9.8 13 

Malta 
Skin 0 10.4 0 0 0 11 0 0 0 

Core 10.8 8.9 0 9.2 0 12.1 10 0 11 

Dragon fruit 
Skin 0 0 0 0 0 10.2 0 0 0 

Core 7 0 9.6 0 0 0 0 0 0 
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orange) and Aeromonas spp. (only skin of guava and 

only core of orange and malta) against 3 fruit blends 

each.  Interestingly, although the alcoholic extracts of 

the imported malta samples were least effective against 

tested organisms as found previously (6), in the present 

investigation, the blend of malta flesh/core portion was 

observed to possess strong anti-bacterial traits against 

six test organisms. In contrast, the blends of the 

imported dragon fruit samples were found to possess 

less anti-bacterial activity than those of their alcoholic 

extracts as had been noticed earlier (6). In case of the 

orange samples, both the crude blends and their 

alcoholic extracts showed the anti-bacterial activity to a 

similar extent (5, 6). 
 

CONCLUSION 

 

   Microbiological profile along with anti-bacterial traits 

of five selected imported fruit samples presented 

through this study would be suggestive enough to find 

out possible way to prevent food borne illness and as 

well as encourage the consumption of fresh fruits which 

produces secondary metabolite having anti-bacterial 

properties. Thus our studies on the microbiological 

contamination extent within the common fruits along 

with the anti-bacterial traits of the samples studied 

would be informative in the light of natural preventive 

strategies against food borne diseases as well as for the 

overall consumer safety. 
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