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                                ABSTRACT
Freshly squeezed fruit juices are very important for human being which contributes vital nutrients especially Vitamin C. However, unpasteurized juices which are contaminated during processing from raw materials, poor hygienic conditions, using of tap water for all processing and unsafe environmental conditions of juice processing resulting in different food- borne illnesses. The study was aimed to assess bacteriological load of fruit juices served in cafes and restaurants of Humera Town. A cross sectional study was conducted from October 2009 to February 2009 in Humera Town. A total of 24 sample juices eight of each Avocado, Mango and Papaya were collected from five randomly selected cafes and restaurants of Humera town and analyzed their bacteriological quality. The samples were correctly serially diluted and incubated on proper temperature and selected nutrient Agar to determine bacterial load. Streak and pour plate method was used for the growth of bacteria on the selective media. The Total microbial load of Avocado juice was determined as 12.71x107cfu/ml and the Total mean was determined as 2.54x107cfu/ml, the Total microbial load of Mango juice was determined 11.54x107cfu/ml with Total mean of microbial load 2.31x107cfu/ml and the Total microbial load of Papaya juice was determined as 10.93x107cfu/ml with Total mean of 2.18x107cfu/ml. Well structured questionnaire was conducted to analyze hygienic conditions of juice makers, awareness of contaminations of juice makers, storage sites of fruits, sources of fruits, safety of water and hygienic of juice processing conditions. The reason for high microbial load of samples of fruit juices were due to poor personal hygiene, use of contaminated water for all processing, unhygienic environmental conditions and lack of knowledge and training in food hygiene and safety. Therefore special training and supervision of juice makers how to handled and processing juices in hygienic and safely conditions were improved the quality of fruit juices vended in the streets.
   Key words; Fruit juice, contaminations, microbial load, hygiene  
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[bookmark: _Toc492549072]1. INTRODUCTION
[bookmark: _Toc492549073]1.1. Back ground and justification 
[bookmark: _GoBack]Fresh fruits and vegetables are important to health and well being of the consumers. Consumers enjoy one of the safest supplies of the fresh produce in the world. However for the last several years, the detection of the outbreaks of food borne illnesses associated with both domestic and imported fresh fruits and vegetables has been increased (Hatcher et al., 1992). 
Fruit juice is common beverages in many countries of the world. The consumption of the fruit juices could have both positive and negative effects on the parts of consumers. Fruit juice processed under hygienic conditions could play an important role in enhancing consumer’s health through inhibition of breast cancer, Congestive Health Failure (CHF) and urinary tract infection (Dannison, 1996). Fruits juice contaminated at any point of processing could be the source of infectious pathogens. Some study conducted, on the microbiological safety of same fruit juice showed salmonella in apple and orange juice (Beuchat, 2002). Freshly squeezed juices are simply prepared by extracting the liquid and pulp of mature fruit usually by mechanical means or Blenders. Prior preparation of fruit to avoid bitterness of skin or to remove large stone such as mango, avocado and pineapple followed by separation of juices and pulp by blender. In fact, the number of outbreaks and cases of illness caused by consumption of fresh cut fruits and unpasteurized juices has increased in the last years (Harris et al., 2003).   
The outbreaks of human illness have been associated with consumption of raw fruits or their unpasteurized products (Beuchat and Ryu, 1997). Pathogens such as Listeria monocytogenes, Clostridium botulinum, and Bacillus cereus on fresh fruit, can be expected since such flora naturally occurs in the soil (Parish, 1997).  However, contaminated water and raw or improperly composted manure are more likely to contaminate fresh fruit with Escherichia coli O157:H7, Salmonella spp., Shigella spp., parasites and viruses (Parish, 1997). Direct contact with livestock and other animals, or their faces, can also result in the contamination of fruits with various pathogens. This is particular concern with respect to drop fruit. Human handling and contact surfaces/equipment represent other potential sources of contamination throughout the preparation of fruit for consumption. This includes all phases: growing, harvesting, packing, processing, and shipping, as well as handling by food workers and consumers. Traditional sanitizing methods such as chlorine treatment, can reduce populations of most pathogens, but does not eliminate them (Beuchat, 1998).One potential source of entry of microorganisms into fruits and fruit-juices is by environmental exposure. Food borne diseases are harmful illness mainly affecting the gastrointestinal tract and are transmitted through consumption of contaminated food or drink. Improper washing of fruits add bacteria to extracts leading to contamination. In addition, use of unhygienic water for dilution, dressing with ice, prolonged preservation without refrigeration, unhygienic surroundings often with swarming houseflies and fruit flies and airborne dust can act as sources of contamination. Such juices have shown to be potential sources of bacterial pathogens notably E. coli 0157:H7, species of Salmonella, Shigella, and S. aureus (Buchanan et al., 1999).
In Ethiopia in different rural and urban areas unpasteurized juices were consumed with their different bacterial loads, therefore, different researchers were determined different bacterial loads in those unpasteurized fruit juices vended in café and restaurants of Ethiopia. For example, in Axum town  (Addisu, et al., 2016) 35 numbers of colonies in Avocado and 32 numbers of colonies in Mango juices were determined, similarly 4.7x101 TCC, 1.183x102 TAPC, 2.04x102 TEC, and 3.78x101 TSC in Avocado and Mango juices were determined in Adigrat town (Dinku Senbeta and Mestawot  Beyene, 2017). Again 3.6x106 0f TAPC in Avocado and 2.2x106 of  TAPC in Mango juice, 3.56x105 TEC in Mango juice and 12.15x105 TEC in Avocado juice, 5.7x104 of  FCC in Mango juice and 6.46x104 of FCC in Avocado juice were determined in Debre Markos town (Kindu Geta, 2015). Also 8.0x106 of TAPC in Avocado juice, 3.1x107 of TAPC in Papaya juice, 4.5x105 Yeast in Avocado and 6.2x103 of Yeast in Papaya juice were determined in Jimma town (Tsige et al., 2008). However, the knowledge on microbiological assessment or analysis of fruit juices that vended in street of Humera cafes and restaurants was still almost limited.     







[bookmark: _Toc492549074]1.2. OBJECTIVE OF THE STUDY
[bookmark: _Toc492549075]1.2.1 General objectives
The overall objective of this study was to assess the microbial load of fruit juices served in cafés and restaurants of Humera Town. 
[bookmark: _Toc492549076]1.2.2. Specific objectives
The specific objectives of this study were;
· To isolate microorganisms present in the natural fruit juice.
· To evaluate the physical quality and microbiological safety of some fruit juices.
· Comprehensively to evaluate microbes of fruit juice that commercially used for many consumers.
· To identify the potential pathogens of E.coli, Salmonella and Shigella.                                                                        
[bookmark: _Toc492549077]1.2.3. Significance of the study 
The study findings can be used to implement better hygienic conditions; it creates awareness among juice makers to use disinfectants, microbiological safety and quality in juice processing conditions. Understanding the potential pathogens and enhances the juice products for controlling the health of consumers. It also provides the basic methods for prevention of related outbreaks of street vended citrus fruit juices in humera town. 
[bookmark: _Toc492549078]1.3. Hypothesis
This project was conducted with the following hypothesis;
1. Are they grown pathogens in the samples of fruit juice that were collected from randomly selected café of humera town?
2.  If they grown, for how much load of pathogens were grown?
3. Which type of pathogen was grown dominantly in the samples that were collected (E.coli, Salmonella, and Shigella)?
4. In which sample of fruit juice was grown much load of pathogens (in Avocado, Mango or Papaya)?
                                                    
[bookmark: _Toc492549079]                CHAPTER -2
[bookmark: _Toc492549080]2. LITERATURE REVIEW
[bookmark: _Toc492549081]2.1. Microbiology of fruit juice 
In developing countries, fruit and vegetables juices sold by street venders are widely consumed by millions of people. These juices provide a source of readily available and affordable sources of nutrients to many sectors of the populations, including the urban poor. Unpasteurized juices are preferred by the consumers because of the "fresh flavor" attributes and hence, in recent times, their demand has increased. They are simply prepared by extracting, usually by mechanical means, the liquid and pulp of mature fruit and vegetables. The final product is unfermented, clouded, untreated juices, ready for consumption (Nicolas et al., 2007).
[bookmark: _Toc492549082]2.2. Juice Processing
Unpasteurized juice is the unfermented liquid (usually clarified) obtained from the pressing of properly prepared, sound, clean, mature fruit. It can be frozen to allow sale at a later date. Juice concentrated by a heat treatment is a different product (pasteurized juice) and is not covered by this assessment. Unpasteurized cider is the unfermented, unqualified, untreated liquid obtained from the pressing of properly prepared, sound, clean, mature fruit. It includes sweet or soft cider, as well as frozen cider. Hard cider (fermented) is a different product. Apple cider is apple juice that has not undergone a filtration process to remove coarse particles of pulp sediment (Bilijana et al., 2013).
There are differences in the handling of each type of fruit intended for juice. Overall, unpasteurized juice or cider manufacturing includes several processing steps, such as receiving, storing, washing, grinding and extraction, separation/centrifugation, blending of ingredients, and storage. The first processing step is a receiving protocol which includes fruit inspection and grading. After fruits are received and hand-sorted on a conveyer belt, they are mechanically scrubbed and washed with a sanitizing solution, rinsed with water, and ground into a pulp that is consistency of sauce. There are many ways to extract juice depending on the type of fruit and they include squeezing, pressing, grinding, etc. 


[bookmark: _Toc492549083]2.3. Fruit microorganisms
The sources of fruit that can be made in to juices are many in plants and the plant parts appropriate for juice. However, the fruit producers and juice processor must adhere to some very important guidelines, in fruit selection and juice manufacture. Nevertheless, all fruit species including cultivars that are highly inappropriate for juice such as bitter, intensely sour orange rootstock. Mango tree are usually grafted and chance seedlings range from those with deliciously sweet, smooth textured flesh to fibrous harsh trepanned fruit. Common fruits that used for juice production in many regions includes; Apple, Banana, Lemon, Mango, Orange, Papaya, Avocado, Pineapple and Grapes. Those all fruits contain harmless microorganisms that live as symbionts due to cosmopolitans’ nature. Most microorganisms that are initially observed on whole fruit or vegetable surfaces are soil inhabitants, members of a very large and diverse community of microbes that collectively are responsible for maintaining a dynamic ecological balance within most agricultural systems. Vectors for disseminating these microbes include soil particles, airborne spores, and irrigation water. Most bacteria and fungi that arrive on the developing crop plant either are completely benign to the crop’s health or, in many instances, provide a natural biological barrier to infestation by the subset of microorganisms responsible for crop damage (Janisiewicz & Korsten, 2002, Andrews & Harris, 2000).
Even smaller subset of bacteria and fungi responsible for causing spoilage to the edible portion of the crop plant is the subject of this section. Spoilage microorganisms can be introduced to the crop on the seed itself, during crop growth in the field, during harvesting and postharvest handling, or during storage and distribution. Those same types of soil-borne spoilage microbes that occur on produce are the same spoilage microorganisms that are present on harvesting equipment, on handling equipment in the packinghouse, in the storage facility, and on food contact surfaces throughout the distribution chain. Therefore, early intervention measures during crop development and harvesting through the use of good agricultural practices (GAP) will provide dramatic reductions in yield loss due to spoilage at all subsequent steps in the food-to-fork continuum (Eckert &Ogawa, 1988). Examples of GAPs include foliar fungicide application in the field, cross-contamination prevention measures (stringent sanitation standard operating procedures) in the packinghouse and storage facility, and use of postharvest fungicides.
In 1998, Food and Drug Administration’s (FDA) published the Guide to Minimize Microbial Food Safety Hazards for Fresh Fruits and Vegetables, recommending GAPs that growers, packers, and shippers implement to address the common microbiological hazards that may be associated with their operations (FDA, 1998). These GAPs are organized in eight categories:
· Water
· Manure and municipal bio solids
Microbiological Spoilage of Fruits and Vegetables are:- 
· Worker health and hygiene
· Sanitary facilities
· Field sanitation
· Packing facilities sanitation
· Transportation
[bookmark: _Toc492549084]2.3.1. Normal fruit microorganisms   
Some microorganisms are commonly found in fruits that having no effect or less effecting to human health. Thus microorganisms living on flora or micro flora of fruits that having the capability of using for other organisms and conversion of the fruit to other important products. Some common fruit microorganisms that lived normally in fruits are; photosynthetic bacteria, nitrogen fixing bacteria, gluconobacter, zynobacter, zynomonasand saccharobacter.
[bookmark: _Toc492549085] 2.3.2. Fruit pathogenic microorganisms
 Pathogenic organisms can enter fruits and vegetables through damaged surfaces, such as punctures, wounds, cuts and splits that occur during growing or harvesting. Contaminations from raw materials and equipments, additional processing conditions, improper handling, prevalence of unhygienic conditions contributed substantial to the entry of bacterial pathogens in juice prepared from these fruits or vegetables (Victoria Governmental Department of Human Service, 2005). Fruit juice drinks typically contain no less than 20% of fruit juice. The juice can be obtained by mechanical extraction process or by reconstruction of concentrated fruit juices with potable water which is highly favorable for growth of most food born disease (bacterial pathogens); more specifically pathogens like E.coli, shigella , salmonella, staphylococci and vibro species of Entero-bacteria species (Suaads et al., 2008). According to the biochemical reactions and growth conditions of Salmonella shown above, different selective plating media have been developed. Summarize the appearance of Salmonella colonies on a variety of the most frequently used agar nutrient media. Typical, Salmonella give colorless colonies with black centers on Salmonella-Shigella (SS) agar; green, black-center colonies are seen on Hektoen agar; black colonies with a green back ground on Xylose lysine tergitol 4 (XLT4) agars, Salmonella grow red with black center on Xylose lysine desoxycholate (XLD). Salmonella can grow within the range 2 to 54°C, although growth below 7°C has largely been observed only in bacteriological media, not in food, while growth above 48°C is confined to mutants or tempered strains. The optimum temperature for growth is 37°C. A pathogen that has become internalized within a fruit or vegetable must be able to survive in the product until it reaches the consumer in order to become a public health hazard (Neha and Bagde, 2011). The prominent pathogens involved in un-pasteurized juice-borne disease outbreaks have been identified as E. coli O157:H7, Salmonella spp and Cryptosporidium (Burnett, 2001). Fruit juices and minimally processed fruits and vegetables have also been involved in food- borne disease outbreaks. It appears that the acidic property of some juices does not always prevent the survival of organisms like E. coli and Salmonella. Contaminated juices have shown to be potential sources of bacterial pathogens notably E. coli O157:H7, species of Salmonella, Shigella and Staphylococcus aureus (Sandeep et al., 2001).
[bookmark: _Toc492549086]2.4. Sources of Microbial Contamination
The sources of contaminations of fresh-cut fruits and vegetables may include raw materials and contact with processing equipment. The microorganisms that exist on the surfaces of raw, whole produce appear to be the major source of microbial contamination and consequent spoilage of fresh-cut fruits and vegetables. Sapers, Miller, Jantschke, and Mattrazzo (2001) reported that, compared with good surface sanitization practices, no decontamination treatment or an ineffective antimicrobial treatment on whole cantaloupe resulted in premature microbiological spoilage of fresh cut cantaloupe.The growth of microorganisms originating from preharvest environments. 



[bookmark: _Toc492549087] 2.5. Prevention and Control Measures
Fresh fruits and vegetables are among the more challenging of food products to commercially produce and distribute. Fresh produce remains metabolically and developmentally active as it proceeds from the commercially appropriate time to harvest (horticultural maturity), to physiological maturity, to senescence and complete deterioration (Watada, Herner, Kader, Romani, & Staby, 1984).The losses due to postharvest spoilage or pathological decay are a result either of latent infections in the field that become active following harvest or of crosses contamination during harvest, cleaning, storage, and distribution. Presence of the pathogen on a susceptible host fruit or vegetable, combined with suitable environmental conditions such as high temperature, provides the three components required for disease expression such as host, environment, and pathogen (Sommer et al., 1992). 
At time of harvest and throughout handling before storage and distribution, it is important to minimize wounds and bruising and to cull all damaged and diseased product. A few spoilage microbes, primarily fungi, can infect healthy tissues by forming appressoria, external structures that enable the pathogen to penetrate the cuticle and epidermis (Sommer et al., 1992). However, most spoilage microbes infect and initiate decay at punctures and splits in the epidermal layer or, in far fewer cases, through natural openings such as stomata and lenticels.
[bookmark: _Toc492549088]2.6. Shelf Life of Fresh-Cut Fruits and Vegetables
The shelf-life (i.e., the length of time that corresponds to a tolerable loss in quality of a processed food and other perishable items) of fresh-cut fruits and vegetables ranges from 1 to 35 days depending on types of shelf life (such as marketing shelf life, food safety shelf life, sensory shelf life, or microbiological shelf life), food safety concerns, marketing strategies of fresh-cut processors, produce commodities, raw materials, refrigerated storage temperatures, preparation methods, and packaging methods. Marketing shelf life of fresh-cut products, indicated by sell-by-date, best if use-by-date, use-by-date, or best use-by-day, is not necessarily the same as sensory shelf life or microbiological shelf life, depending on marketing concerns and competition (Cantwell and Suslow, 2002). The average shelf lives of fresh-cut fruits and vegetables are typically 10–14 days (Cantwell & Suslow, 2002).  

[bookmark: _Toc492549089] 2.7. Food Safety 
 Food safety must always take precedent and strict limits on productions, harvest, transportations, storage, manufacture, processing, labeling and distribution now exist. These are incorporated in to good manufacturing practices (GMP) with hazard analysis and critical control point (HACCP) procedures being applied throughout the food chain (Splittstoesser, 1979).
HACCP systems are designed to prevent the occurrence of potential food safety problems. This achieved by assessing the inherent risks attributable to a product or process and then determining the necessary steps that will control the identified risks (Bean and Griffin, 1990).Essentially, HACCP is a system that identifies and monitors specific food born hazards biological, chemical, or physical properties that can adversely affect the safety of the food product. This hazard analysis serves as the basis for establishing Critical Control Points (CCPs). CCPs identify those points in the process that must be controlled to ensure the safety of food. HACCP represents an important food protection tool. The implementation of HACCP continuous to evolve and to be further refined as new products and procedures are developed and as hazards and their control measures are more clearly defined (Bryan, 1988).
Food and Drug Administration (FDA) is recommending the implementation of HACCP in food establishments because it is a system of preventive controls that is the most effective and efficient way to ensure that food products are safe. HACCP requires the food establishments to analyze its preparation method in a rational, scientific manner in order to identify Critical Control Points and to establish critical limits and monitoring procedures (Bryan, 1990).
HACCP considered the following hazard microbes      
 Sever hazards  	
Like; Clostridium botulinium, Shigella dysenteries, Salmonella typhi, Brusella abort us, Vibro cholera …etc.
Moderate hazards; potential extensive spread;-
Like; Listeria monocytogens, Salmonella spp, Shigella spp …etc.
Moderate hazards; limited spread;-
Like; Bacillus cereus, Staphylococcus aurous, Vibro cholera …etc.


[bookmark: _Toc492549090]2.8. Microbiological safety
The microbiological safety hazards include pathogenic bacteria, virus and parasites. Some of the problems that lead to the contamination of food with these microorganisms at the processor level can be easily reminded, with improved employee training programs and effective hygienic practices. Others are more difficult to control such as post processing contamination with listeria monocytogensis, pathogens that is ubiquitous in the processing environment, inefficient hygienic practices among employee. That employee hygiene is paramount to plant sanitation and is one of the leading causes of food contamination. A research conducted in Ethiopia stated that Papaya and avocado juices had initial pH values of >5.7 and allowed all test strains to reach numbers >107 cfu/ml at ambient temperature holding. At refrigeration temperatures, at least no elimination was observed. In pineapple juice (pH 3.8), the E. coli test strains were eliminated at both holding temperatures within 16 h whereas slight increase in counts of Salmonella test strains was observed at ambient temperature holding. Orange juice (pH 3.1) did not allow the survival or growth of the test organisms at both holding temperatures (Yigeremu et al., 2001).
[bookmark: _Toc492549091]2.8.1. Physical safety	
Materials that do not belong in food like glass, utensils, forks and spoons, and the preparation equipments are causes physical hazards to the juices and affect the consumers. Those physical safety hazards of fruit juices are controlled by washing properly with chemicals and well sterilized with at least boiling of water. 

[bookmark: _Toc492549092]2.8.2. Chemical safety
Chemical safety hazards include intentionally added chemicals (eg. Allergens) unintentionally added chemicals (eg. Myco toxins).Chemicals also contaminate food through corrosions of metal processing equipments (residues) of cleaning chemicals left on processing equipments. There are other systems that rely on biologically, chemically, cultural and physical principles and tools to control pests throughout the farming operations. Other preventive control options may include genetic engineering with resistance against pests or developing safer chemicals (Moulton, 1992).    
[bookmark: _Toc492549093]2.8.2.1. Salmonella Species
All identified Salmonella serotypes are potential Pathogenic to humans. All age groups are susceptible to Salmonella spp., but symptoms are more severe in infants, the elderly and the immune compromised (Cook et al., 1998). Salmonella spp. is commonly found in the intestinal tract of humans and animals, particularly poultry and swine. Humans, and other mammals, birds, reptiles, amphibians, and insects, are all carriers through either their natural surface flora or feces. Salmonella species is often transmitted by the fecal-oral route (i.e., person-to person), but they can also remain viable for several years in soil or water. Therefore, poor adherence to sanitary precautions in fruit-growing operations or juice extraction facilities can also result in the transmission of this pathogen. Because fruit may be harvested after being dropped to the ground, its exterior may become contaminated with Salmonella spp. in the field from soil, surface water used for irrigation, or raw manure used as fertilizer (Bilijana et al., 2013).	
2.8.2.2. Staphylococci 
According to Néeraj and Sharma (2007) Staphylococcus bacteria are spherical bacteria that have round shape under microscopic examination which appear singly, in pairs or group of grape-like clusters. They are Gram-positive, facultative anaerobes, but grow rapidly under aerobic conditions. They are mesophiles with a growth temperature range of 7 to 480c, low pH (4.8), and high salt and sugar concentrations of 15% and in the presence of NO2. S. aureus are naturally present in the nose, throat, skin, and hair of healthy humans, animals and birds. S. aureus is also one of the common food-borne pathogens for human in the world, as they produce coagulase, heat stable nuclease or enterotoxins (Jay et al., 2005). The presence of these pathogenic bacteria might be entered into the street foods during handling, processing or vending. It also due to the fact that it forms the normal micro flora present on/in several parts of the human body (Nester, 2001). 
2.8.2.3. Yeasts and moulds 
Fruit juices have high acidic concentration and sufficient sugar to help the growth of many funguses especially yeasts. Parish (1991), Moulds are generally considered to be the lowest important group of micro-organisms which causing spoilage in fruit juice because of their limitation, inability to grow in the absence of air, with the exception of few moulds such as Penicillium and Aspergillus (Parish and Higgin, 1989). The current study indicated that the microbiological quality of freshly squeezed or freshly prepared fruit juices sold by local market vendors in Dhaka city, the total fungal counts were in the range of 1.0×101 to 8.05×104 cfu/ml (Shakir et al., 2009).The infection of fungus species on fruits may occur during the growing season, harvesting, handling, transport and post-harvest storage and marketing conditions, or after purchasing by the consumer (Al-Hindi et al., 2011).Yeasts (Saccharomyces spp.,Candida spp., Hanseniaspora spp) and moulds (Cladosporium spp., Penicillium spp., Aspergillus spp., Botrytis spp.) are more favored as spoilage agents of fruit juices compared to bacteria because of the physical and chemical properties of the fruit juices (Obire et al., 2008; Okigbo and Obire, 2009).
2.8.2.4. Coliform bacteria 
Banwart (1989) definition, coliform is a heterogeneous group of family   Enterobacteriaceae bacteria (e.g. E.coli, Entrobacter, lactose positive biotypes of Citrobacter, Serratia and Hafnia). They are facultative anaerobes, gram negative, non-spore-forming bacillus (rod shaped) that ferment lactose with the production of acid and gas within 48 hours at 35°C (32-37°C). They are indicator organisms, which are closely associated with the presence of pathogens but not necessarily pathogenic themselves.  Unhygienic water supply that used for dilution of fruit juices is a serious problem resulting in different food borne illnesses. According to current research indicated that in Visakhapatnam City, India, all street vended fresh fruit juices in many parts of the city showed contamination with fecal coliforms and fecal streptococci bacteria (Lewis et al., 2006). The main source of E. coli contamination for fruits may be through contaminated water supplies for all processes. The utensils washed by contaminated water or water that was used for dilution of juices may contaminate the fresh juice and result in an outbreak of E. coli. The presence of E. coli and other coliform bacteria could be due to inadequate hand washing by food workers and the absence of good manufacturing practices (Tambekar et al., 2007).
2.8.2.5. Fecal coliform bacteria 
The fecal coliform bacteria are strain of coliform bacteria, Gram-negative, facultative bacillus that ferment lactose at 44.50C and produce acid and gas from lactose within 48 hours. The fecal coliforms bacteria mainly consist of E. coli, but a few Enterobacter and Klebsiella strains can produce gas in lactose broth at 44.5°C, and fecal coliforms are relatively specific for fecal material of warm-blooded animals. Fecal coliforms can be found in animals, plants, and foods derived from them, as well as in contaminated soil and water (Banwart, 1989). The fecal coliform of bacteria is also indicator of organisms that originate in the intestinal tract of humans being and some animals (Thormann and Mueller, 1987).
2.8.2.6. Indicator microorganisms 
Recent study indicated that, indicator microorganisms are organisms that give a clue to the history of a sample or to potential associations with other organisms or conditions (e.g. they can indicate the potential presence of pathogens or spoilage organisms). Coliform bacteria have been used as indicators of unhygienic conditions in water and foods for over a century. This concept of indicator microorganisms originated in the late 1800’s after E. coli was found to be everywhere in feces, and its finding in water was used to specify an increased probability of pathogens such as Salmonella typhi an indicator of unsanitary conditions of water. Also indicator microorganism has been applied to both food and water safety and quality. The indicator microorganisms be supposed to get together the following criteria, these are easily distinguishable from other microorganisms common to a sample, easily detected & enumerated in a relatively short period of time (e.g., rapid tests); show direct or indirect association with reduced safety or loss of quality; and be able to survive as well as the associated organism(s) in the water/food being tested (Jay et al., 2005). 
2.8.2.7. Total Aerobic Viable Bacteria (TAVB)
The various freshly squeezed fruit juices vended in open market significantly contains varieties of microorganisms.  Shakir et al. (2003) verified that the mean total viable count in fresh fruits showed that the presence of bacteria in all the freshly prepared fruit juices in the range of 3.00x102 to 9.60x108 Staphylococcus aureus was detected in almost all the samples of fruit juices as well as of cold drinks. Escherichia coli were obtained in all fruit juices but not in cold drinks (Neha and Bagde, 2011). The occurrence of microbial load or total aerobic viable bacteria in food can be associated with various  number of factors such as inappropriate handling and processing, use of contaminated water during washing and dilution, cross contamination from rotten fruits and vegetables, or the use of unclean processing tools like knife and trays (Khalil,1994). 
[bookmark: _Toc492549094]2.9. The microbial load of fruit juice 
Fruit Juices contain a considerable amount of microorganisms. The recent study indicated that the quantitative analysis of samples for total viable count (TVC)  were between 1.0 x 104 to 4.0 x 106 cfu/ml, since the pH of samples were acidic only those which survive in acidic pH are able to survive that indicating the acidophilic nature of the organisms (Ankur et al., 2009). According to study conducted in Dhaka, Bangladesh, among the 114 freshly squeezed fruit juices samples collected, 113 samples (99%) were indicated the presence of coliform bacteria and E. coli (Shakir et al., 2009). In other way a study conducted in Kolkata city India, indicated that the juice samples collected from the majority of populated market places  results obtained for the microbiological analysis of the juices; Total viable counts were high ranging from 265-700×104 cfu/1000ml. The number of Yeast count varied between 1.8-360×104cfu/1000ml where as the number of mould count varied between 1.1-620×104cfu/1000ml.The number of Coliforms bacteria include both the presence of fecal (0.05- 45×104cfu/1000ml) and non fecal (0.15-76×104cfu/1000ml). Presence of Vibrio (1.1-536×104cfu/1000ml) and Salmonella (0.12-200×104cfu/1000ml) were also observed in most of the tested samples. Pineapple juice followed by mango juice showed huge contamination by various types of microorganisms not only by bacterial population but also by fungal populations (Mahuya et al., 2011).

Table-1.Gulf Standards (2000) of recommended microbiological standards of any fruit juices per ml of juice consumed
	Parameters
	Total viable count
	Yeast and Mould count
	Coliform count
	Fecal coliform
	streptococci

	Maximum count Anticipated
	
5.0x103 cfu/ml
	
100 cfu/ml
	
10 cfu/ml
	
0
	
100 cfu/ml

	Maximum count Permitted
	
1.0x104 cfu/ml
	
1.0x103 cfu/ml
	
100 cfu/ml
	
0
	
1.0x103 cfu/ml



                                          



                      
[bookmark: _Toc492549095]                                                               CHAPTER-3
[bookmark: _Toc492549096]3. MATERIAL AND METHODS
[bookmark: _Toc492549097]3.1 Description of study area
 Humera is a town and separate woreda in the western Tigray regional state of Ethiopia, near the borders of Sudan and Eritrea. It is found in western zone of Tigray region in 1020 km distance from the capital city of our country Addis Ababa and 618 km from the capital city of Tigray regional state Mekelle. It is found in latitude of 140 18’N 360 37’E and longitude of 14.3000N 36.6170E.
[bookmark: _Toc492549098]3.2 Study Design
The study was designed by two methods interview method that helps to gather information about the safety and hygienic conditions in food handling and processing, experiences and knowledge in food preparation, awareness of contaminations of microbes on juices and foods and laboratory results to determined the microbiological load and the presence of potential pathogens in selected sample juice of Humera town. 
[bookmark: _Toc492549099]3.3. Data collection
The data of this study were collected from primary data sources of interview of respondents of juice house makers and laboratory results method of data collection. The samples were collected from five different juice house of Humera twon. 
[bookmark: _Toc492549100]3.3.1. Interview methods 
The normal interview was conducted to all 30 respondents (juice makers), who prepared fruit juice in five different juice house of Humera town. This interview was very important to gather the real information about the socio-demographic characteristics of respondents, their awareness of contamination of fruit juice, time of fruit peeling, how had trained in food hygiene and safety, have had knowledge on microbes can contaminate juices and other foods, their clean habit of juice making during juice preparation, the source of water for juice processing, the source of fruit for juice making and the nature of fruit that used for juice making.


[bookmark: _Toc492549101]3.3.2. Laboratory method
The laboratory method (procedure) like collection of interested samples from selected juice houses, processing of the sample juices, culturing of the bacteria, isolation and identification of microbes using microscope from the interested sample juices were used to examine the colony count of bacteria, indicator microorganisms and selected pathogenic bacteria.
[bookmark: _Toc492549102]3.4. Collection of the sample
A total of 24 fruit juice samples (8 of each Papaya, Mango and Avocado) were collected from five randomly selected juice house of Humera town from February 10 to 30, 2009 E.C. Then this can be conducted by selected of seven samples of fruit juices for each selected samples. The samples of those fruit juices were collected in sterilized flask (100 ml or 200 ml flasks) separately and transported to the laboratory of Humera complete preparatory school and college. These samples were processed within a maximum of an hour after collected and arrived at laboratory.
[bookmark: _Toc492549103]3.5. Preparation of the sample 
During sample preparation a serious of serial dilution was conducted, that is 5 sterilized test tubes which contained each 9 ml of distilled water for each and labeled them as 10-1, 10-2, 10-3, 10-4 and 10-5. The samples were homogenized and properly diluted. Similarly the interested selective media powder weighed and measured 100 ml of distilled water, and then dissolved in 500 ml of measuring flask and heated at 500c for complete dissolution.
Using pipette measurement 1 ml of homogenized sample solution were transferred to a 10-1 labeled test tube contained 9 ml of distilled water and shake it well. Again measured 1 ml of sample solution from 10-1 test tube and transferred to 10-2 test tube and shake it well, again transferred 1 ml from 10-2 test tube to 10-3 test tube, 1 ml of sample solution were transferred from 10-3 test tube to 10-4 test tube then 1 ml of sample solution were transferred to 10-5 test tube inside the laminar hood to prevent other contaminations. Also 5 sterilized Petri plate inside the hood were placed and labeled them as 10-1, 10-2, 10-3, 10-4 and 10-5. Then measured 1 ml of sample solution from 10-1 labeled test tube and aseptically poured to 10-1labeled Petri plate, 1 ml of sample solution from 10-2 test tube poured to 10-2 Petri plate, 1 ml of sample solution from 10-3 test tube poured to 10-3 labeled Petri plate, 1 ml of sample solution from 10-4 test tube were poured to 10-4 labeled Petri plate and then finally 1 ml of sample solution from 10-5 test tube were poured to 10-5label Petri plate aseptically. However, all the colonies were counted from 10-5 serially diluted samples of juices, so the colonies of those pathogens were determined by colony forming unit formula (CFU).     
CFU   =      x Dilution factor
[bookmark: _Toc492549104]3.6. Bacteriological analysis of fruit juices
[bookmark: _Toc492549105]3.6.1. Enumeration of Total Coliform Counts (TCC)
After each interested sample juice were prepared through serial dilution one milliliter of interested sample juice were transferred in to sterile petridishes and 20 milliliter of Violet Red Bile Agar (VRBA) medium that was previously sterile and kept in water path at 45oC were poured and swirled then incubated at 37oC for 24-48 hours. Finally the purple-red colonies that bounded by zone of precipitated bile acids were counted by digital colony counter.       
[bookmark: _Toc492549106]3.6.2. Enumeration of Fecal Coliform Counts (FCC)
After the interested sample was serially diluted and incubated in to three test tube of Lactose Brose with Durham's tube and incubated at 37oC for 48 hours (Uma et al., 2009), the positively likely tubes of Lactose Brose was smoothly swirled and loop full of each positive culture was transferred to tube of EC Broth by serial inoculating loop and inoculated EC Broth tube were incubated for 48 hours at 45oC in water bath, then the production of gas in EC Broth culture indicated that the positive result of fecal coliform reactions.
[bookmark: _Toc492549107]3.6.3. Enumeration of Total and Aerobic Plate Count (TAPC)
Total Plate Count (TPC) and Aerobic Plate Count (APC) determination of bacteria were examined by using spread plate method on Plate Count Agar that was incubated at 37oC for 24 hours (BAM, 2001; Sheth et al., 2005) and the total number of microbial count was recorded as colony forming units per ml. 
[bookmark: _Toc492549108]3.6.4. Enumeration of Enterobacteriaceae Count (EC)
After the interested sample juice was serially diluted, one ml of the sample was transferred in to the sterile petridishes, and a 20 ml of MacConcKy Agar that was sterile and kept in water bath at 45oC were poured and swirled, finally it was incubated at 37oC for 24-48 hours resulted in Red-Pinkish colonies due to bile formation indicated that the presence of Enterobacteriaceae.  
[bookmark: _Toc492549109]3.6.5. Enumeration of Staphylococcus Count (SC)
From each serially diluted of interested sample juice, one ml of sample juice was transferred in to sterile petridishes and a 20 ml of Mannitol Salt Agar (MSA) medium that was sterile and kept in water bath at 45oC were poured and swirled. Then finally after incubated at 37oC for 24-48 hours the Yellow and orange colonies bounded by Yellow zone due to mannitol salt agar fermentation indicated that the enumeration of staphylococci bacterial count.
[bookmark: _Toc492549110]3.6.6. Enumeration of Salmonella and Shigella Count (SSC)
After the interested sample juice was serially diluted, one ml of sample juice was added to prepared normal saline solution (0.9 mg of NaCL) and incubated at 370C for 24 hours, and then one loop full of sample juice that was incubated for 24 hours with normal saline solution was marked on the prepared SS Agar. Finally after it incubated at 370C for 24 hours the marked colonies indicated that the enumeration of Salmonella and Shigella bacteria. 
[bookmark: _Toc492549111]3.6.7. Enumeration of Yeast and Mould Count (YMC)
After the interested sample juice was serially diluted, 0.1 ml of sample juice was plated in plate count by using Potato or Sabouraund Dextrose Agar (PDA) through spread plate method and incubated at 24-260C for 5-7 days. Finally the non-hairy colonies without extension at margin was determined as Yeast count and the hairy colonies with extension at their margin indicated that the presence of moulds (Tsige et al., 2008).   
[bookmark: _Toc492549112]3.7 Data Analysis
After the data were collected, results were analyzed carefully to keep their accuracy, reliability and validity using descriptive statistics, like percentage, Statistical Package for Social Science (SPSS) version of 20, Analysis of Variables(ANOVA) to compare the mean value of samples. Also it could be analyzed in tabular form according to their colonies form and number of frequency. However, the time requirement, lack of money, lack of knowledge and lack of instruments limited the study. 
                                    





[bookmark: _Toc492549113][bookmark: _Toc492549114]                                CHAPTER 4
4. RESULTS AND DISCUSTION
[bookmark: _Toc492549115]4.1. Socio-Demographic characteristics of respondents in Humera juice houses 
Among the 30 samples of juice makers (respondents) in Humera juice houses, most of them (73.33%) were females and they were younger than 30 years and only few (26,67%) were males and  same(33.33%) were older than 30 years. Also most of the juice makers (70%) were came from urban area and they were not got married (single) (80%), but some juice makers (30%) came from different rural area for finding of job and they were got married (20%). Similarly most of the juice makers (80%) had got an education from elementary school (above grade -4) up to high school (grade-10) and some (20%) were non-educated simply they practiced through experiences from their relatives as( table -1). The socio-demographic characteristics of juice makers were strongly disagree with (Bello et al., 2014) in Ogun state, Nigeria greater percentage of respondents (65%) were males and 62.5% were younger than 35 years, similarly 87.5% of the respondents had education higher than primary education, 9.17% actually acquired primary education while only 3.33% 0f respondents were had no formal education. It was also less disagree with (Kindu Geta, 2015) reported in Debre Markos town, North western Ethiopia more than half of the juice makers (56.7) were females and 86.7% were younger than 35 years, 73.3% had education higher than primary education, 16.7% had primary education while only 10% had none-formal education. Again it was more disagree with (Tsige Ketema et al., 2008) reported in Jimma town, South west Ethiopia, all the ninety respondents (100%) were females and 60% of them were younger than 30 years age, 50% of them were had completed high school education. currently reported from Hossana Town, Southern Ethiopia by Diriba Leta( 2017) also 20% of respondents were Females, 60% of them were completed high school grade and 40% of them were elementary school.     
 




Table 1; Socio-Demographic characteristics of respondents in juice house of Humera town in 2009 E.C    
	
	                       Number and percent of respondents in Humera juice house

	Variables
	N
	1
	2
	3
	4
	5
	Total
	X2
	P-value

	Sex                           M      
                                  F    
	8(26.67)
22(73.33%)
	2(6.67%)
4(13.33%)
	3(10%)
3(10%)
	1(3.33%)
5(16.67%)
	0
6(20%)
	2(6.67%)
4(13.33%)
	8(26.67%)
22(73.33%)
	
4.83
	
0.550

	Age                    15- 30 
                             >30   
	20(66.67%)
10(33.33%)
	4(13.33%)
2(6.67%)
	5(16.67%)
1(3.33%)
	6(20%)
0
	4(13.33%)
2(6.67%)
	1(3.33%)
5(16.67%)
	20(66.67%)
10(33.33%)
	
4.8
	
0.050

	Residence           Urban        
                             Rural    
	21(70%)
9(30%)
	3(10%)
3(10%)
	4(13.33%)
2(6.67%)
	4(13.33%)
2(6.67%)
	5(16.67%)
1(3.33%)
	5(16.67%)
1(3.33%)
	21(70%)
9(30%)
	
4.8
	
0.077

	Marital states      Single
                         Married
	24(80%)
6(20%)
	5(16.67%)
1(3.33%)
	5(16.67%)
1(3.33%)
	4(13.33%)
2(6.67%)
	4(13.33%)
2(6.67%)
	6(20%)
0
	24(80%)
6(20%))
	
4.8
	
0.800

	Educational states
     Educated
 Non educated
	24(80%)

6(20%)
	5(16.67%)

1(3.33%)
	4(13.33%)

2(6.67%)
	5(16.67%)

1(3.33%)
	5(16.67%)

1(3.33%)
	5(16.67%)

1(3.33%)
	24(80%)
 
5(20%)
	
4.8
	
0.001



Key; The numbers 1, 2, 3, 4 and 5 represents the number of houses were respondents practices fruit juices and” N” represents samples of respondents. 

[bookmark: _Toc492549116]4.2. Respondents level of awareness towards microbial contaminants, food hygiene and safety and using of fruits for juice processing
The lack of basic safety issues (sanitary conditions) in street vender juice houses contribute to the growth of these pathogenic loads. These includes the use of unavailability of tap water for dilution and washing, prolonged preservation without refrigeration, unhygienic surroundings with swarming flies, air born dusts, none-cleaned containers, unhygienic pealing process and during the addition of chemicals eg Sugars. This finding was very similar with the finding of in Penang, Malaysia by (Suguna et al., 2011) the presence of high microbial load in street vended fruit juices were attributed directly to the improper washing of fruits, use of crude sands and carts, preservation without adequate refrigeration and to the unhygienic surrounding environment.     
Among the 30 respondents(juice makers), most 0f them (63.33%) were luck of awareness of contamination of microorganisms for juices and other foods, and some of the respondents (36.67%) were had an awareness of contaminations of microorganisms for juices and other foods. This result indicated that so far with study in Debre Markos town, North western Ethiopia by (Kindu Geta, 2015) 80% of the juice makers had an awareness of contamination of microorganisms on fruit juices, only 20% of respondents had no awareness. In other way many of the respondents (60%) were washed their fruit during early time, were as some of the respondents (40%) were washed their fruits during juicing time. In the case of food hygiene and safety most of the respondents (86.67%) were had no trained and experienced, the only some (13.33%) of respondents were trained and experienced in food hygiene and safety. Study in the Hossana Town (Diriba Leta, 2017) indicated that none of the juice makers had professional training related to safe handling and processing of fruit juices, all the venders were use tap water for dilution of fruit juices without any treatment. This line of percentage was also more disagree with the line of (Bello et al., 2014) who studied that 45.83% of respondents were had taken training in food hygiene and safety only 54.17% of respondents were had no taken training in food hygiene and safety, and lower result than the study in Jimma by (Tsige Ketema et al., 2008) and in Debre Markos by (Kindu Geta, 2015) all the juice makers (100%) had no any training concern to food hygiene and safety. Also in case of knowledge on microorganism can contaminated fruit juices and other foods, most of the respondents (80%) were had no knowledge, but some of respondents (20%) were had a knowledge, which is reciprocal of (Kindu Geta, 2015) studied, 85.83% of juice makers had a knowledge on microorganisms can contaminated fruit juices and 14.17% of juice makers had no knowledge. Again in the cleaning practice of juice makers during juice preparation, many of the juice makers (66.67%) also used tap water which contained in container for all juice processing conditions and some of the juice makers (33.33%) were used directly running water, which is strongly disagree with (Kindu Geta, 2015) resulted all the respondents who involved in this study were used tap water contained in container for all juice processing, similarly most of the juice makers that were involved in juice processing (83.33%) were got fruits from open fruit market (venders) and only some juice makers (16.67%) were got fruits directly from producers (farmers). This percentage of respondents was in the line of (Tsige Ketema et al., 2008) and (Kindu Geta, 2015) most of juice makers (83.33%) were got fruits from open market and (16.67%) of respondents were got directly from producers, and higher than (Bello et al., 2014), 79.17% of the respondents were got fruits from open market and 20.83% of respondents were got directly from the producers.
Also greater number of the juice makers (63.33%) were used normally ripened fruit for juice processing while some of respondents (36.67%) were used over ripened fruit which was different from (Bello et al., 2014) fruit juices producers made use of both ripened and over-ripened fruits, but with preference to ripened fruits that constituted 75% 0f the case and more lower than (Tsige Ketema et al., 2008) and (Kindu Geta, 2015), while fruit juices producers made use of both ripened and over-ripened fruits, they preferred the ripened fruits as it constituted 83.33% of the case. Similarly many of the respondents (60%) were store their fruits temporarily in shelves and baskets, and some were (40%) store in refrigerator, that indicated more different from (Bello et al., 2014) study the temporary storage sites of fruit were shelves (33.33%), baskets (41 67%) and refrigerators (10%), However, (15%) of the juice producers had no special storage sites for their fruits, (Tsige Ketema et al., 2008) study temporary storage site of fruits of respondents were shelf (50%), basket (22.2%), refrigerator (16.7%) and no special storage (11.1%), and (Kindu Geta, 2015) study was the temporary storage sites of fruits were shelves (50%), baskets (33.3%) and refrigerators (16.7%) .      

Table 2; Respondents level of awareness towards microbial contaminants, food safety and hygienic conditions of the fruit juice processing and using of fruits for juice processing in Humera town in 2009 E.C.












	
Number  and percentage of respondents in Humera juice houses

	
Variables
	
N     (%)
	
1
	
2
	
3
	
4
	
5
	
Total
	
X2
	P-value

	Awareness of contaminations          
                                               Yes
                                                No           
	
11(36.67%)
19(63.33%)
	
2(6.67%)
4(13.33%)
	
3(10%)
3(10%)
	
2(6.67%)
4(13.33%)
	
2(6.67%)
4(13.33%)
	
2(6.67%)
4(13.33%)
	
11(36.67%)
19(63.33%)
	
4.8
	
0.270

	Time of washing fruits
                              washing early 
                       On time of juicing
	
18(60%)
12(40%)
	
2(6.67%)
4(13.33%)
	
5(16.67%)
1(3.33%)
	
4(13.33%)
2(6.67%)
	
4(13.33%)
2(6.67%)
	
3(10%)
3(10%)
	
18(60%)
12(40%)
	
4.76
	
0.010

	Time of fruit peeling
                                 peeled early 
                            peeling on time
	
22(73.33%)
8(26.67%)
	
5(16.67%)
1(3.33%)
	
4(13.33%)
2(6.67%)
	
5(16.67%)
1(3.33%)
	
4(13.33%)
2(6.67%)
	
4(13.33%)
2(6.67%)
	
22(66.67%)
8(26.67%)
	
4.75
	
0.040

	Training in food hygiene 
   and safety                           Yes
                                               No
	
4(13.33%)
26(86.67%)
	
0
6(20%)
	
1(3.33%)
5(16.67%)
	
0
6(20%)
	
1(3.33%)
5(16.67%)
	
2(6.67%)
4(13.33%)
	
4(13.33%)
26(86.67%)
	
4.80
	
0.002

	Knowledge on microbes can contaminate fruit juice         Yes
                                             No   
	
6(20%)
24(80%)
	
1(3.33%)
5(16.67 %) 
	
2(6.67%)
4(13.33%)
	
1(3.33%)
5(16.67%)
	
2(6.67%)
4(13.33%)
	
0
6(20%)
	
6(20%)
19(80%)
	
4.77
	
0.060

	Source of water for juice making
                            Running water
               Tap water in container   
	
10(33.33%)
20(66.67%)
	
1(3.33%)
5(16.67%)
	
2(6.67%)
4(13.33%)
	
3(10%)
3(10%)
	
2(6.67%)
4((16.67%
	
2(6.67%)
4(13.33%)
	
10(33.33%)
20(66.67%)
	
4.80
	
0.030

	Source of fruits for juice making
                                Open market 
              Directly from producers 
	
25(83.33%)
5(16.67%)
	
4(13.33%)
2(6.67%)
	
5(16.67%)
1(3.33%)
	
6(20%)
0
	
5(16.67%)
1(3.33%)
	
5(16.67%)
1(3.33%)
	
25(83.33%)
5(16.67%)
	4.77
	
1.000

	Nature of fruit used                               
        Ripened(2-5  days)                      
Over ripened(6-9 days)                      
	
19(63.33%)
11(36.67%)
	
3(10%)
3(10%)
	
4(13.33%)
2(6.67%)
	
4(13.33%)
2(6.67%)
	
4(13.33%)
2(6.67%)
	
4(13.33%)
2(6.67%)
	
19(63.33%)
11(36.67%)
	
4.80
	
0.120

	Temporary storage of  the fruits
                          Shelf and basket 
                          Refrigerator      
	
18(60%)
12(40%)
	
5(16.67%)
1(3.33%)
	
4(13.33%)
2(6.67%)
	
3(10%)
3(10%)
	
4(13.33%)
2(6.67%)
	
2(6.67%)
4(13.33%)
	
18(60%)
12(40%)
	
4.78
	
0.002


Key; The numbers 1, 2, 3, 4 and 5 represents the numbers of houses where respondents were participated and “N” represented sample of respondents
4.3. Microbial Isolation and Identification
From the total sample (24) of fruit juices, that was selected seven samples for each juice, the 10-5 serial dilution of sample juices was determined. The Total mean number of bacterial load (colonies) for Avocado sample juice was 2.54x107 cfu/ml and from this highest number of bacterial load was examined as TAPC bacteria (4.42x107 cfu) in Avocado juice which was higher than (Gulf Standards, 2000) determined as the maximum count Anticipated of TVCB was 5x103 cfu/ml and maximum count Permitted of TVCB was 1x104 cfu/ml. From this study the higher load of TAPC was due to poor hygienic conditions and use of contaminated water for washing of those fruits, as (stannard, 1997) reported that the higher load of TAVC in freshly squeezed fruit juice was due to poor Agricultural practices and hygiene codes like post harvest washing with contaminated water.    
Also the mean of bacterial load of sample juices were determined as 3.52x107, 3.04x107 cfus/ml for TCC and TEC in Avocado juice respectively and This result indicated that highest microbial load were counted than (Gulf Standard,2000) reported that for any fruit juices microbiological standards recommended that the maximum count Anticipated of YMC were (100 cfu/ml), TCC (10 cfu/ml) and TFC 0 where as the maximum count Permitted of YMC were (1.0x103 cfu/ml), TCC (100 cfu/ml) and TFC 0.Therfore this higher microbial load of fruit juices  from this study were practicing of juices in very poor hygienic environment( conditions), using of very contaminated water for all processing, especially the water that use for juicing and washing the materials was holed in container for 2-4 days due to water scarcity as respondents  (66.67%) of total responded used water from container, even the container was did not washed properly on time and poor personal hygiene (from observation) which is similar with the study conducted in Shashemane rural district, southern Ethiopia by (Negera et al., 2017) only (25.1%) of the interviewed individuals understood that unsanitary hands can contaminate drinking water, (34.4%) of the households responded that unclean containers can contaminate their drinking water and only (7.9%) households knew that uncovered containers could be the source of water contaminations. It was also similar with reported study of (Mihiretie H, and Desta k, 2015), water used for juice preparation can be a major source of microbial contaminations such as Total coliforms, Fecal coliforms Fecal Strepococci, etc.  Other study also reported that (Bello et al, 2014) in Ogun state, Nigeria, the presence of Staphylococcus species in all most the juice samples can be attributed to contamination via handling and poor personal hygiene, then the mean total Coliform count was highest in Avocado juice (4.0x104cfus/ml) and the highest Mould was recorded in Avocado juice (4.0x104cfus/ml), similarly this study was disagreed with the study of (Kindu Geta, 2015) Debre Markos town reported as the Total mean of TAVB, SC, YC, MC,TE,TCC, FCC in Avocado jiuce were 3.6x106, 0.27x105, 1.2x106, 0.02x105, 12.5x106,  6.46x104 and 0.2x104 cfus/ml respectively which may be linked to number of factors such as improper handling and processing, use of contaminated water during washing and dilution, cross contamination from rotten fruits and vegetables and use of dirty processing utensil like knifes. On the other hand, the study indicated that more bacterial load were determined than study of (Dinku Senbeta and Mestawot Beyene, 2017) in Adigrat town reported as the mean count of total Coli form count was the highest in Avocado juice (4.7x101cfus/ml and the mean count of Aerobic Mesophilic Bacteria, Enterobacteraceae count and Staphylococcus count were 1.183x102, 2.04x102 and 3.78x101 cfus/ml respectively. Asmaru Gultie et al (2013) in Gondar town reported that the mean Aerobic Plate count of Avocado juice was 8.9x109 cfu/ml, mean of Yeast and Mould was 3.4x103 cfu/ml, the mean Total Coliform count was 1.1x104 cfu/ml, this large bacterial load might be contributed from different sources such as poor handling practiced and sanitary problem of same marketing areas.    
Also the Total mean of bacterial load of Mango juice in this study were determined as 2.31x107 cfu/ml and the mean of higher bacterial load for TAPC (3.84x107 cfu/ml), TCC (3.18x107 cfu/ml) and TEC (2.92x107)  were determined, which was higher bacterial load than Gulf Standard (2000) of microbiological quality. This was because of poor handling of fruits, unsafe peeling of fruits, use of contaminated materials, unsafe storage of fruits and unhygienic environment. Mihiretie H, Desta k, (2015) reported that environmental fomites may also make the fruits unsafe and these may have role in spreading of Salmonella, Shigella, Vibrio and E.coli and analyzing the risk of microbial contamination includes a review of five major area of concern; the water quality, manure bio solids, worker hygiene, field,facility and transport sanitation and trace back. Reported from Arba Minch town, Gamo Gofa zone by (Diriba L,and Essayas N, 2017) indicated that the total meanof bacterial count from Nutrient Agar media of two different juice samples was with range from 4.0x103 to 8.3x104 cfu/ml, the mean of Staphylococcus  count from Mannitol salt Agar media was range from 7.ox103 to 2.8x104 cfu/ml and the mean count of Enterobacteriaceae from MacKconky Agar media was range from 2.0x103 cfu/ml to 4.9x104 cfu/ml, this high load of bacteria in cafeteria than hotels may be due to lack of fruit storage practice and safety from handlers, lack of any care for raw materials needed for juice production, lack of cleanity for storage area of produced juice products, improper follow juice making procedure, etc. (Asmamaw Leul and Mulugeta Kibret, 2012) reported from Bahir Dar town as the highest prevalence of Coliform bacteria were recorded in Mango juice (100%), the mean of Aerobic Mesophilic count (4.76 log cfu/ml) and the mean of Staphylococcus aureus count bacteria (3.84 log cfus/ml). Thus such high Most Probable Number/ml of coliforms of juices may probably came from contaminated water used for washing and juicing purposes, low quality of water and fruits and over handling of fruits.  In the other case the result of this study were more disagreed with study reported by (Kindu Geta, 2015) the mean of bacterial load of TAVB, SC, YC, MC, TE, TCC, and FCC were 2.2x106, 0.004x105, 1.1x106, 0.15x106, 3.56x104, 5.7x104 and 0.06x104 cfus/ml respectively in Mango juice. 
Additionally this study was identified the total mean bacterial count of Papaya juice as 2.18x107 cfus/ml and the mean of higher bacterial load as 3.66x107, 2.94x107 and  2.66x107cfus/ml for TAPC, TCC and TEC. This result also indicated that more contaminated than reported from the study of Gulf Standard (2000), this increased bacterial load may be due to knowledge of respondents towards juice practice (only 20% of interviewed juice makers had knowledge on microbes can contaminated fruit juices), the lack of training on food hygiene and safety(only 13.33% of interviewed respondents were trained on food hygiene and safety irregularly)  and source of fruits (83.33% of the interviewed respondents were got fruits from open market. Reported by (Bello et al., 2014), the mean total Viable count was highest in Papaya juice (6.5x104 cfus/ml), mean of Staphylococcus count (1.0x104 cfus/ml) and the mean of Mould count was (2.7x104 cfus/ml) due to poor hygienic conditions of street vended fruit juices, conditions under which the juices were processed, stored and served.



Table 3; Microbial quality of samples of fresh fruit Juices of Avocado, Mango and Papaya juices at SS Agar, PCA,VRBA, EC broth, MSA, PDA and MacConKy Agar vended in Humera town, 2009, E.C.

	Avocado  Juice
	 
                                   Isolated and identified of Bacterial loads in selected sample juices  

	samples
taken
	TAPC
x107
	%

	TCC
x107
	%
	FCC
x107
	%
	TSC
x107
	%
	YMC
x107
	%
	TEC
x107  
	%
	SSC
x107
	%
	Total
mean

	        H1
	4.5
	20.36
	3.7
	21.02
	0.4
	14.29
	2.9
	20.28
	2.3
	20.18
	3.4
	22.37
	1.6
	28.57
	2.69

	        H2
	4.6
	20.81
	2.8
	15.91
	0.0
	00.00
	3.1
	21.68
	2.5
	21.93
	2.6
	17.11
	1.2
	21.43
	2.40

	        H3
	4.2
	19.01
	3.9
	22.16
	0.6
	21.43
	2.7
	18.88
	2.1
	18.42
	3.1
	20.39
	0.5
	08.93
	2.44

	        H4
	4.1
	18.55
	4.1
	23.30
	0.7
	25.00
	2.2
	15.38
	2.7
	23.68
	2.8
	18.42
	0.9
	16.07
	2.50

	        H5
	4.7
	21.27
	3.1
	17.61
	1.1
	39.29
	3.4
	23.78
	1.8
	15.79
	3.3
	21.71
	1.4
	25.00
	2.69

	Mean        
	4.42
	20
	3.52
	20
	0.56
	20
	2.86
	20
	2.28
	20
	3.04
	20
	1.12
	20
	2.54

	 Total   
	22.1
	100
	17.6
	100
	02.8
	100%
	14.3
	100%
	11.4
	100%
	15.2
	100%
	05.6
	100%
	12.71


	Mango
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        H1
	3.5
	23.96
	2.6
	16.35
	0.4
	33.33
	2.7
	19.70
	1.9
	17.43
	2.8
	19.18
	0.6
	11.32
	2.07

	        H2
	4.2
	21.88
	3.3
	20.75
	0.2
	16.67
	2.9
	21.17
	2.1
	19.27
	3.2
	21.92
	1.4
	26.42
	2.47

	        H3
	3.7
	19.26
	3.5
	22.01
	0.1
	08.33
	2.6
	18.98
	2.4
	22.02
	2.6
	17.81
	1.5  
	 28.30
	2.34

	        H4
	3.2
	16.67
	3.7
	23.27
	0.5
	41.67
	3.1
	22.63
	2.5
	22.94
	2.9
	19.86
	0.7
	13.21
	2.37

	        H5
	4.6
	18.23
	2.8
	17.62
	0.0
	00.00
	2.4
	17.52
	2.0
	18.34
	3.1
	21.23
	1.1
	20.75
	2.29

	Mean
	3.84
	20
	3.18
	20
	0.24
	20
	2.74
	20
	2.18
	20
	2.92
	20
	1.06
	20
	2.31

	Total       
	19.2
	100%
	15.9
	100%
	01.2
	100%
	13.7
	100%
	10.9
	100%
	14.6 
	100%
	05.3    
	 100%
	11.54

	Papaya 
	          
	
	
	
	
	
	
	
	
	
	
	
	 
	
	

	        H1
	4.0
	21.86
	3.1
	21.09
	0.6
	35.29
	2.7
	21.6
	2.6
	20.31
	2.9
	21.80
	0.3
	09.38
	2.31

	        H2
	4.3
	23.50
	2.5
	17.01
	0.0
	00.00
	2.6
	20.8
	2.4
	18.75
	2.6
	19.55
	1.2
	37.50
	2.23

	        H3
	3.6
	19.67
	3.2
	21.77
	0.1
	05.88
	2.3
	18.4
	2.2
	17.19
	2.3
	17.29
	0.7
	21.87
	2.06

	        H4
	3.1
	16.94
	3.3
	22.45
	0.7
	41.18
	2.8
	22.4
	2.7
	21.09
	2.5
	18.80
	0.4
	12.50
	2.21

	        H5
	3.3
	18.03
	2.6
	17.68
	0.3
	17.65
	2.1
	16.8
	2.9
	22.66
	3.0
	22.56
	0.6
	18.75
	2.11

	Mean
	3.66
	20
	2.94
	20
	0.34
	20
	2.5
	20
	2.56
	20
	2.66
	20
	0.64
	20
	2.18

	Total   
	18.3
	100%
	14.7
	100%
	01.7
	100%
	12.5
	100%
	12.8
	100%
	13.3
	100%
	3.2
	100%
	10.93


KEY; TAPC= Total Aerobic Plate Count, TCC= Total Coliform Count, FCC= Fecal Coliform Count, TSC= Total Staphylococci Count, YMC= Yeast and Mould Count, TEC= Total Enterobacteriaceae Count, SSC= Salmonella and Shigella Count and H1=House 1, H2=House 2, H3=House3, H4=House4 and H5=House5


As (Table-4) above indicated that the Avocado juice in the study area was highly contaminated of bacterial load with total of bacterial load 12.71x107 cfu/ml than  Mango(11.54x107cfu/ml) and Papaya(10.93x107 cfu/ml) which was much higher than reported from Bangladesh, Shakir et al., (2009) Total Aerobic bacteria count was 8.00x103cfu/ml-8.05x108cfu/ml for Mango. This was due to contaminated and unhygienic water used for all processing activity, the sugar content of fruits, poor personal hygiene of juice makers, storage temperature, lack of awareness on microbial contamination of fruits and foods (as 63.33% of juice makers were did not aware of contaminations) and time of washing fruits (as 60% of interviewed juice makers were peeled their fruits during early time prior to juicing). Addisu et al., (2016) reported high number of microbial contamination than authors study, as Total viable coliform count (5.0x107cfu/ml), Total salmonella-shigella count (5.5x107cfu/ml) and Total Staphylococcus count (4.4x107cfu/ml) from Avocado juice and (8.0x107cfu/ml), 3.6x107cfu/ml) and (6.0x107cfu/ml) from Mango juice respectively were determined, this was due to poor quality of water was used in all juice preparation ways; moreover, water is one of the major source of swage contaminations. As Mihiretie H, and Desta K, (2015) stated that fruits and juices contaminated at any point of processing could be the sources of infectious pathogens. Report from Tanzania Edeltruds S, (2013) also reported that the Total Plate count of the juice ranged between 2.32 -8.54 (log cfu/ml), E.coli 1.13-4.97(log cfu/ml) and the presence of this E.coli in the juice sample indicated that evidence of fecal contaminations or poor hygienic conditions. Again as Kader et al., (2014) from Bangladesh reported that the contamination of those fruit juices could be due to lacking of proper quality control system for juice preparation, lacking of the right storage conditions and bad packaging system. Reported from Debre Markos, (Kindu Geta, 2015) indicated that the presence of Enterobacteriaceae and coli forms in the samples of fruit juice sample could be attributed to contamination due to poor personal and domestic hygiene indicating lack of knowledge of good hygienic practices and safety of food products, poor quality of water used for dilution as well as prevailing unhygienic conditions related to washing of utensils and maintenance of premises. Recent study from Shashemane (Negera et al., 2017) reported that fecal pathogens from hands and household utensils appeared to contribute to point-of–use contaminations, which highlights the need for improved personal and domestic hygiene practices. According to Rashed et al., (2013) Dhaka city, Bangladesh report the total viable count was observed to be lowest in Mango juice as 1.59x102 cfu/ml also fecal coliforms, E.coli, Klebsiella species And Staphylococcus species were detected from the sample and this bacterial load was due to lack of knowledge on safe fruit juice preparation as well as the contamination sources can contribute to the elevation of pathogens in prepared juices. Similar finding reported that Yigeremu et al (2011) and Mesfin (2011) the quality of fresh fruit juice is depending on carful fruit handling and strict processing sanitation. Other study in the Lahore, Pakistan (Khalil et al., 1994) reported that one of the major sources of contamination of fruit juice was water utilized for washing and processing purposes. According to Diriba Leta (2017) in Hossana Town stated that the possible contamination of juices would be poor processing and handling of fruit juices because none of the juice makers that participated to the current study was experienced to training relevant to juice processing and personal hygiene. Mihiretie H, Desta K (2015) stated that most fruits and fruit juices contain sufficient that could support different microbial growth. Behind observation this study was also addressed the risk of contamination among Males and Females, therefore, females (73.33% of interviewed respondents) were had higher probable of risk of contaminations due to multiple activities including cooking foods in addition to juicing. Similar study Edeltruds S., (2013) stated that preparation and sold of juice by females was more contaminated than males, probably due to females had many activities other than juice preparation such as cooking and selling of cooked foods at the same time preparing and selling of juices, behavior of having long nails and decorative equipment may increased the risk of contaminations.
Peeling of fruits out of juice processing room as (73.33% of interviewed respondents were peeled their fruits during early time), improper storage of fruits as (60% of the interviewed juice makers store their fruit in open baskets and shelves which was did not clean), collection of discarded materials near the juice houses, poor hygiene of utensils were an other factors of increasing microbial contaminations in this study. Haileselassie et al., (2012) in Mekelle town study reported that the quality of working environment depends on the waste product. Study in Amervati city, India (Tambekar et al., 2009) stated that the fruits which were already peeled out for juice preparation showed more contamination (61%) than fruit peeled on time(39%). Other study in Gondar town Asmaru Gultie, (2013) reported that highest total coliform count (2.7x105 cfu/g) was found from Avocado fruit while the lowest was counted (8.8x102 cfu/g) from Mango juice and this microbial load was due to various deficiency of juice processing such as poor handling practice during storage and unable to use waste collection. According to Mahuya et al., (2011) in West Bengal, India the microbial count of Mango juice were Total viable count 350, yeast 1.8, Mould 1.1and fecal coliforms 0.05 cfu/1000ml and this was mainly due to poor quality of water used for dilution as well as prevailing unhygienic conditions related to washing utensils, poor personal and domestic hygiene, peeling of fruits long before squeezing and shop in crowded place (Tambekar et al., 2009).   
In addition to the fruit, the equipments used for processing of the fruit juices could contribute to the number of bacterial and fungal contaminations. Regulating the microbial safety of facilities to be used for processing and the use of good quality fruits and surface disinfection besides cleaning with pure water will certainly improve the microbiological quality of these juices. Diriba Leta, (2017) the wastewater and garbage were discarded nearby, providing nutrients for insects and rodents that carries microbial contaminations. In other case in this study assessed that sold of fruit juices in open road sides were more responsible for microbial contaminations due to more vehicles and serious dust particles. Recent study from India (Dushyant et al., 2015) reported that the location of juice houses on the side of busy rod with heavy vehicular traffic (airborne particles) and overcrowding seem added to the microbial contaminations. For longer shelf life and safety of the juices against pathogenic infection the use of an approved food additives could be another best option. Regular monitoring of the quality of fruit juice for human consumption must be introduced to avoid any futures of pathogenic outbreaks.   
The single, short and rod shape colonies from MacKcnky Agar in this study indicated that the presence of Total coliform bacteria and the clustered Yellow and Orange colonies from Mannitol Salt Agar represented the contamination of Staphylococcus bacteria such as Staphylococcus aureus which was similar with the study by (Kader et al., 2014) isolated from MacKconky were observed as Gram-negative, single and short rod which represent the typical characteristics of coliforms and isolates from MSA were Gram-positive in a cluster arrangement which were typical for Staphylococcus spp. This contamination of staphylococcus was due to poor hygiene as (Asmaru Gultie et al., 2013) the presence of Staphylococcus aureus in this study indicated that the poor personal hygienic practice and related factors.  
The small road shape, non-motile, colorless colonies in MacConcky Agar and blurred color in SS Agar indicated the presence of shigella related to Indian microbiologists shigella is a medium and small road shaped, non-motile, urease negative, aerobes and facultative aerobes, produce colorless (non-lactose fermenting) colonies on MacConcky Agar and translucent to opaque on SS Agar The road shape, motile, red colonies in MacConcky Agar also indicated the presence of E.coli which is similar to American microbiologists Walker( 1993) E.coli is motile, lactose fermenting, black colonies with green metallic sheen on Endole Methyle Blue Agar, rad colonies on MacConcky Agar, road shaped and facultative anaerobes bacteria. Asmaru Gultie et al., (2013) reported that the presence of Salmonella (39%) and Shigella (15.6%) in Mango and Avocado juices were serious contaminant pathogens.
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[bookmark: _Toc492549119]5.1. Conclusion
This study was determined the Total mean of microbial load of Avocado juice 12.71x107cfus/ml, total mean of Mango juice 11.54x107cfu/ml and total mean of Papaya juice as 10.93x107cfus/ml. The Avocado juice is highly contaminated and sensitive to growth of pathogens. Mango is followed it and Papaya juice respectively. The poor hygiene of juice venders, unsafe temporary storage of fruits, and no experience of using disinfectants, processing of juice in open air with lower hygiene and using of tap water for all juice processing were found to be the principal source of microbial contamination.
In addition to these factors the hot environmental conditions, the use of unsafe utensils  for juice processing, the scarcity of water, the crowded population of daily workers, the collection of different regional and  national rural younger’s and the long transportation of fruits are another principal factors for the sources of bacteria.    


 









[bookmark: _Toc492549120]                 5.2. Recommendations
The presence of Salmonella and Shigella colonies in the plate count Agar even a single colony is highly potential pathogen for human. Therefore the ministry of health, government officials and public health centers with cooperation of society should actively participate in the surveillance of food born and water born diseases. 
The food handlers should receive training and educations in to aspects of food safety; commonly in;-
· Principles of good hygienic practice
· The application of HACCP concepts to food preparations 
· The awareness of microbial contaminants
· The concept of using pure and sterilized water
· The use of safe, clean and better storage of fruits
· The practice of using disinfectants  
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Appendix -1 questionnaire (English-version)
Name of Respondents (if voluntary)
Code No -----------
Dear respondents!
This questionnaire is about the Socio-demographic characteristics of respondents on fruit juice processing conditions, Respondents level towards microbial contaminants, food hygiene and safety and using of fruit for juice processing conditions. Then this questionnaire will help for the researcher to find out the study subject characteristics, knowledge, attitude and practices of the study subject towards the fruit juice, finally to find out the solution for the problem that were faced. Therefore all the information given in the questionnaire will be handled confidentially. So that pleas circle the letter that will choice in your answer.   
I. Study identification of respondents
Woreda--------------------
Kebele----------------------
Sex; Male--------- Female---------------
Age--------------
Educational Status; Illiterate------ Educated--------------
Marital status; Single-----------      Married---------------

II. Knowledge/Information/ about microorganisms and practices of fruit juices.
1. Do you have an awareness of contaminations of microbes?      A/ Yes            B/No
2. When you peel your fruits to make a juice?
                            A/during early time             B/during time of juicing
3. When you wash your fruits to make a juice?
                       A/during early time              B/during time of juicing
4. Do you have taken any training on food hygiene and safety?      A/Yes         B/No
5. Do you have any knowledge on microorganisms can contaminate fruit juices? 
                                 A/Yes                                             B/No
6. Where do you get water that you use for juice making?
                  A/directly running water                 B/tap water from container
7. Where do you get the fruits that you make a juices?
                          A/from open market                      B/directly from producers (farmers)
8. What kind of fruit you use in juice processing condition?	
                        A/ ripened fruit                              B/over ripened fruit
9. Where do you store your fruits temporarily until you make a juice? 
                  A/shelf and basket                         B/refrigerator 
	



                 Thank you, for your honestly cooperation!!! 

                  
                                   February 2009





   Appendix-3; Isolated microorganisms and their selective media

	           Isolated microbes
	Media used

	Total Aerobic Plate Count bacteria
	Plate Count Agar

	Total Coliform Count bacteria
	Violet Red Bile Agar

	Fecal Coliform Count bacteria
	EC broth Agar 

	Total Staphylococcus Count bacteria
	Mannitol Salt Agar

	Yeast and Mould Count fungus
	Potato Dextrose Agar 

	Total Enterobacteriaceae Count bacteria
	MacKcnkey Agar

	Salmonella and Shigella Count bacteria
	Salmonella-Shigella Agar
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