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Abstract
Background
Various kinds of fruit juices and sherbets sold by the street vendors are widely consumed in Dhaka city. These street vended fruit juices and sherbets are usually high in microbial loads. So, the present study was undertaken to assess the microbiological load, possible risk factors and identity of freshly squeezed juices and sherbets and their safety for human consumption in terms of pathogens.

Result
For the study purpose papaya juice, sugarcane juice, tukmaria sherbet, lemon sherbet and wood apple sherbet were taken as samples. The study showed a high microbial load in the drinks. The range of average total viable count (microbial load) and total coliforms were 7.7 × 103 - 9 × 108 cfu/ml and 210–1100 cfu/100 ml, indicated the heavy presence of microorganisms in all the drinks analyzed in this study. The study revealed that tukmaria sherbet was most contaminated with a count of 9 × 108 cfu/ml. The least contamination was observed in lemon sherbet. A count of 1.98 × 106 cfu/ml was observed in papaya juice and 3.4 × 105 cfu/ml was in wood apple sherbet. Total coliforms were present in all samples and average count for total coliforms was high in tukmaria sherbets than others. Various pathogenic species of bacteria such as Proteus sp., Enterobacter sp, E. coli, Shigella sp, Citrobacter sp, Vibrio sp, Yersinia sp and Hafnia sp were isolated from the juices and sherbets. Unhygienic water for dilution, dressing with ice, prolonged use without refrigeration, insanitary surroundings, raw materials, chemical properties, equipment, fruit flies and airborne dust are the risk factors of contamination.

Conclusion
It was revealed that consumption of these street drinks were harmful for people. These drinks can cause various food borne illnesses. People should avoid these drinks.
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Background
In developing countries, various kinds of drinks sold by the street vendors are widely consumed by millions of people. These drinks are available in metropolitan and other cities of Bangladesh. In Bangladesh, the drinks usually consumed by the people at the streets or from roadside shops are various carbonated soft drinks, tea, coffee, fruit juices and sherbets. But the major drinks sold by the street vendors and found to consume by the people at the street are various kinds of fruit juices and sherbets. According to FAO, street food is a food obtained from a street side vendor, often from a makeshift or portable stall (FAO 2007).
During summer season (during the months of March through August) a huge section about of the population of all income and age groups consumes these fresh pressed and squeezed juices and sherbets (Ahmed et al. 2009). These drinks are sold all the year round except winter season. Unpasteurized juices are preferred by the consumers because of the “fresh flavor” attributes and low cost. They are simply prepared by mechanically squeezing fresh fruits or may be extracted by water. The final product is an unfermented, clouded, untreated drink, ready for consumption. The drinks are nutritious for man. These are also good medium for the growth of many microorganisms some of which may be pathogenic to man. The pathogenic organism can cause various food borne diseases. Consumption of fresh fruit juices are increasing day by day. In addition to their increasing popularity in consumption patterns, fresh fruits and vegetables have also become increasingly important vehicles in food borne disease statistics (Sivapalasingam et al. 2004).
Consumption of fresh fruits and their juice provides potential health benefits to the general population (Alothman et al. 2009). Juices are fat-free, nutrient dense beverages that are rich in vitamins, minerals and naturally occurring phytonutrients that contribute to good health. It is good for health only when it is free from pathogenic microorganisms.
Contamination of food products can result in many health problems ranging from mild bloating and gas to serious incidents of food poisoning and dehydration. Unsafe and non hygienic fruits consumptions cause serious outbreaks of food borne illness (Sivapalasingam et al. 2004). There have been some notable outbreaks of illness in recent years that demonstrate the increasingly important role of fresh fruits and vegetables in food borne disease (Parish 1997; Sandeep et. al. 2001). There are several reports of illnesses due to the food borne diseases associated with the consumption of fruit juices at several places around the globe (Mosupye and Holy 2000; Muinde and Kuria 2005; Chumber et al. 2007). Usually raw materials, equipments, hand of the handlers, containers etc. are responsible for contamination. Contamination from raw materials and equipments, additional processing conditions, improper handling, prevalence of unhygienic conditions contributes substantially to the entry of bacterial pathogens in juices prepared from these fruits or vegetables (Oliveira et al. 2006; Nicolas et al. 2007). Water used for juice preparation can be a major source of microbial contaminants such as total coliforms, fecal coliforms, fecal streptococci etc. (Tasnim et al. 2010).
Street vended fruit juices and sherbets are found to sell in almost all areas of Dhaka city. There is a high demand of fresh fruit juices and sherbets in Dhaka city. Most of the time consumers are not conscious about the safety, quality, and hygiene of the drinks. It can be potential factor for food borne diseases. In view of the threat posed by the bacterial pathogens in street vended drinks and the flourishing demands of these drinks, the present study was undertaken to assess the bacteriological load and identity of freshly squeezed juices and sherbets and their safety for human consumption in terms of bacterial pathogens.

Methods
Sample collection
Two different types of drinks were taken as sample for the study purpose; these were 1) Fruit juice and 2) Sherbet. There were two varieties of fruit juices namely papaya juice and sugarcane juice, and three types of sherbets namely tukmaria sherbet, lemon sherbet and wood apple sherbet. 3 samples of each type, total 15 samples were collected for test. The drinks were collected in sterile containers from the different vendors of five different places of Dhaka University Campus. The vendors were the drink and juice producers and they produced these in their makeshift stalls with unhygienic raw materials such as water, ice, syrups etc. and environment. The containers were kept in ice-boxes and transported to the laboratory.

Sample processing
The samples were in liquid form, so further processing was not required. One ml of liquid sample was taken and transferred into sterilized cotton plugged test tubes containing 9 ml of 0.1% peptone water. Then they were mixed thoroughly by shaking 20 times. This time the solution was allowed to stand for 5-10minutes.Thus initial dilution of homogenate was prepared and from this homogenization further serial dilution were prepared.

Bacteriological studies
Pour plate method was used for the determination of total viable count using total plate count agar for water. This media is unique and nonselective to count bacteria and fungi. The samples were diluted at 10 fold dilution up to 10−6 according American public Health Association (APHA) sample dilution guidelines (APHA 1992). Two plates from every dilution for each temperature at (36 ± 2)°C for (44 ± 4) hrs for bacteria and (22 ± 2)°C for (68 ± 4) hrs for yeast & molds were incubated. To identify the isolated bacteria; cultural, morphological and biochemical characteristics were studied carefully by using “Bergey’s Manual of Determinative Bacteriology”, 9th Ed. (Holt et al. 1994). Different types of selective agar were used for isolation and identification of bacterial colonies using streak plate method. The instructions for using of media were followed by guidelines of producing company. MacConkey agar was used to isolate Gram-negative enteric bacteria. To isolate and differentiate between Shigella sp. and Salmonella sp. SS agar was used because it was a differential media. TCBS agar was used as a selective media to isolate Vibrio spp. EMB (Eosin methylene blue) agar was used for the isolation of E.coli as a selective medium for E.coli and Proteus. The bacterial colonies grown on different types of medium were collected and maintained in Nutrient slant agar for further analysis. Some biochemical tests such as Kliger’s Iron Agar (KIA) test, Motility test, Imvic test, Indole test, Urea (MIU), test Catalase and Oxidase tests were performed for the identification of bacterial isolates. MPN method is used for the quantitative estimation for coliforms using three test tubes where inoculums size were 10, 1, 0.1 ml. MacConkey broth and BGLB (Brilliant green lactose broth) were used in this experiment (APHA 1992).


Results and discussion
Colony morphology, phenotypic and biochemical traits of the isolates
After 24 hours of incubation, MPN test determined the estimation of total coliforms using MPN Chart. Yellow and green colonies on TCBS agar were primarily considered as Vibrio sp. Colorless, transparent, with a black center colonies in SS Agar were primarily considered as Salmonella sp. Green metallic sheen indicated the presence of E. coli on EMB plate. Biochemical tests gave the confirmation for the identification of bacterial isolates.

Microbiological study
From the study it was clear that all the juices and sherbets contain a significant amount of microorganisms. The average total viable count (microbial load) showed the presence of microbes in all the drinks analyzed in this study in the range of 7.7 × 103 - 9 × 108 cfu/ml. The study showed that tukmaria sherbet was most contaminated with a count of 9 × 108 cfu/ml. Microbial load of sugarcane juice was 2.55 × 106 cfu/ml. A count of 1.98 × 106 cfu/ml was observed in papaya juice and 3.4 × 105 cfu/ml was in wood apple sherbet. The least contamination was observed in lemon sherbet. The presence of total coilifroms in all drinks implied a negative relation with food quality and safety. The average total viable count and total coliforms count from the drinks were presented in the Table 1 and the isolates identified in the samples were listed in the Table 2.Table 1
                          Average estimation of Total viable count and total coliforms from the drinks were given bellow
                        


	
                              Type of drinks
                            
	
                              Number of samples
                            
	
                              Average total viable count (CFU/ml)
                            
	
                              Average MPN (CFU/100 ml)
                            

	Sugarcane juice
	3
	2.55 × 106
                            
	290

	Tukmaria sherbet
	3
	9 × 108
                            
	1100

	Lemon sherbet
	3
	7.7 × 103
                            
	210

	Wood apple sherbet
	3
	3.4 × 105
                            
	240

	Papaya juice
	3
	1.98 × 106
                            
	460




                  Table 2
                          Identified bacterial isolates in sample drinks
                        


	
                              Sugarcane juice
                            
	
                              Tukmaria sherbet
                            
	
                              Lemon sherbet
                            
	
                              Wood apple sherbet
                            
	
                              Papaya juice
                            

	
                              Proteus
                            
	
                              Proteus
                            
	
                              Proteus
                            
	
                              Proteus
                            
	
                              Proteus
                            

	
                              Enterobacter
                            
	
                              Enterobacter
                            
	
                              Yersinia
                            
	
                              Hafnia
                            
	
                              Enterobacter
                            

	
                              E. coli
                            
	
                              E. coli
                            
	 	
                              E. coli
                            
	
                              E. coli
                            

	
                              Shigella
                            
	
                              Shigella
                            
	 	 	
                              Shigella
                            

	
                              Citrobacter
                            
	
                              Salmonella
                            
	 	 	
                              Vibrio
                            

	
                              Vibrio
                            
	
                              Vibrio
                            
	 	 	 
	 	
                              Aeromonas
                            
	 	 	 



                
Ahmed et al. (2009) found a range of 3 × 102 to 9.6 × 108 microorganisms in freshly squeezed fruit juices sold in Dhaka City as well as Rashed et al. (2013) found a total microbial load within a range of 1.9 × 103 to 2.8 × 107 cfu/ml and in the present study, microbial load recorded within the range of 103 to 108, which is quite similar to the findings of Ahmed et al. (2009) and Rashed et al. (2013) (Ahmed et al. 2009; Rashed et al. 2013).
The highest contamination was recorded in tukmaria sherbet. It might be due to the raw materials used in this drink. Bacterial load in lemon sherbet was comparatively low. It may be due to low pH of lemon sherbet. The low pH of fruit juices greatly limits the number and the type of bacteria that can survive or grow at that pH (Prescott et al. 2002).
From the data presented in the current study, it could be concluded that the microbiological quality of most of the drinks collected from different areas of Dhaka University Campus were not satisfactory as fecal coliforms like E. coli, Enterobacter and other pathogens like Shigella, Vibrio were detected from the samples and all the samples contained higher load of microbes than the Gulf standard (Gulf Standards 2000) showed in table 3.The lack of knowledge on safe fruit juice preparation as well as the contamination source can contribute to the pathogens in prepared juices.Table 3
                          The recommended Microbiological standards for any fruit juices sold in the Gulf region (Gulf standards,
                          2000
                          )
                        


	
                              Test
                            
	
                              Total aerobic bacterial count (cfu/mL)
                            
	
                              Total coliforms count (cfu/mL)
                            
	
                              Yeasts and molds 
                            

                              (cfu/mL)
                            

	Maximum count anticipated
	5.0 × 103
                            
	10
	100

	Maximum
count permitted
	5.0 × 104
                            
	100
	1.0 × 103
                            




                
The presence of these microbes in food can be linked to a number of risk factors such as improper handling and processing, use of contaminated water during washing and dilution, cross contamination from rotten fruits and vegetables, or the use of dirty processing utensils like knife, flies and trays which was so relevant with the study of Khalil et al. (Khalil et al. 1994). This might also implicate the processing and rinsing water as possible sources of contamination of street foods sold by street vendors (Nwachukwu et al. 2008). The ice and water added during preparation were likely to provide possible sources of additional bacterial contamination (Bryan et al.
                  1998, 1992). Furthermore, these fruit juices were left in ambient temperature which may have led to the proliferation of contaminating bacteria resulting in increased bacterial counts (Bryan et al.
                  1977, 1992).
In the study various pathogenic bacteria were isolated from the juices and sherbets which may cause a serious outbreak in Bangladesh as like as USA where 21 fruit juice-associated outbreaks of illness were reported to the Centers for Disease Control and Prevention (CDC) from 1995 through 2005 (Vojdani et al. 2008). The presence of Salmonella was recorded in tukmaria sherbet. It was possible that Salmonella may have gained entry through water because vendors do not use boiled water and WASA water in Dhaka city is highly contaminated (Parveen et al. 2008) and this water is commonly used for diluting juices and washing utensils used for washing and preparing juices, alternately, the possibility of contamination of fruits through improperly treated irrigation water cannot be ruled out; survival and entry of enteropathogens including Salmonella have been shown in crops, irrigated with contaminated sewage (Ryu and Beuchat 1998). This organism causes typhoid and paratyphoid in human.
Present studies clearly indicated the presence of different types of fecal coliforms namely, Citrobacter, Enterobacter and Escherichia coli in all the drinks except lemon sherbet. The presence of coliforms in fruit juice is not allowed by safe food consumption standard (Andres et al. 2004). These organisms are highly pathogenic and may cause serious diseases in human beings. Citrobacter causes urinary tract infections, infections in gall bladder, middle ear etc. Enterobacter are responsible for urinary tract infections and hospital sepsis etc. Escherichia coli cause diarrhea, urinary infections, pyogenic infections and septicemia etc. (Ananthanarayan and Jayaram 1996; Falagas et al. 2007; Samonis et al. 2009). Shigella causes dysentery that result in the destruction of the epithelial cells of the intestinal mucosa in the cecum and rectum. Some strains produce the enterotoxin shiga toxin which causes hemolytic uremic syndrome (Koster et al. 1978). Several species of Vibrio are pathogenic (C. Michael 2010) and a significant number of fruit and vegetable borne outbreaks have been reported (Faruque et al.
                  1998). Most disease-causing strains are associated with gastroenteritis, but can also infect open wounds and cause septicemia. Vibrio cholerae infects the intestine and increases mucous production causing diarrhea and vomiting which result in extreme dehydration and, if not treated, death (Howard-Jones 1984).
But to prevent such contamination in fruit juice drinks a Good Hygienic Practice (GHP) as defined in the Codex document on “General Principles of Food Hygiene” in combination with HACCP is the basis for safe food production (Codex Alimentarius, 1997). Government Health Agencies must adopt measures to educate the vendors about food safety and hygienic practices and to develop a regular monitoring system. Robust traceability would greatly improve the epidemiological investigation, identification of causal or contributory factors and the control of suspected incidents of foodborne illness. There is a need for improved surveillance systems on food-borne pathogens, on food products and on outbreaks so that comparable data are available from a wider range of countries.


Conclusions
Low price and availability make the street vended juices and sherbets highly popular to general people. But these drinks will be beneficial if these are free from contamination. The current study revealed that all the studied fruit juices and sherbets had a higher microbial load than the specification set for fruit juices in some parts around the world. Regular monitoring of the quality of fruit juices for human consumption is recommended to avoid any future bacterial pathogen outbreak.
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