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ABSTRACT 

Milk is one of the food products which is used as vehicle of disease transmission to 

human being. This study  was conducted to assess the quality of  both raw and 

pasteurized  milk produced by the five major  milk processing plants in and around Addis 

Ababa. 

 

A total of  48 samples were taken from the five plants  and triplicate of  testes  were 

conducted for each of  them including tests for mycobacterium bovis and expressed  in 

terms of  mean (average).The result indicated that aerobic plate count ranges from 3.5 

x10
5
 to 4.6x10

6
 cfu/ml in raw  milk and 1.2x10

4
 to5.2x10 

5  
cfu/ml in pasteurized milk.  

 

Escherichia coli  which  is used as indicator  organism  for the presence of pathogenic 

organisms was present in all raw milk  and only detected  in two pasteurized milk from 

plant B and plant E. It ranges from 4.33x10
4 

cfu/ml to 5.37x10
5 

cfu/ml in raw milk and 0
 

cfu/ml to 2.2x10
4 

cfu/ml  in pasteurized milk. 

 

Fecal  coli forms which  is  an indicator of  poor hygienic  condition  during milk 

handling  ranged  from 3.73x10
4
cfu/ml to 6.67x10

5
 cfu/ml in raw milk samples  and 0 

cfu/ml  to 2.27x10
4
 cfu/ml in pasteurized milk. 

 

Staphylococcal  organisms  was also  detected in one sample  of raw milk  from the three  

plants  and detected  in  two samples of pasteurized milk from  the five   milk processing  

plants. The results from the five milk processing plants indicated that there are some 

pasteurized milk found with bacterial load above the recommended value of 3-5 

organisms/ml for coliform organisms by FMOH.From this result it is possible to 

conclude that consuming raw milk can lead to different infections. 

 

Key Words:  Aerobic Plate Count, E. coli, Fecal Coliforms, Pasteurization  
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1.  INTRODUCTION 

 

     Milk is the lacteal secretion of the mammary glands of a mammal. It is the first natural food 

of all young mammals during the period immediately after birth (Gebra-Emanuel Teka,1997). 

It is used to nourish the young from birth to weaning, and it is the most complete food product 

of animal origin providing more essential nutrients in significant amounts than any other single 

food (O’Mahony, 1988). 

 

Man has consumed milk and milk products even before the dawn of civilization. Because of its 

nutritive value, milk is considered as one of the most important diet items of many people 

(Mehari, 1998). Nutritionally, milk has been defined as “the most nearly perfect food”. Milk is 

an outstanding source of calcium and phosphorus for bones and teeth, and contains vitamin B6, 

A and B1 in significant amounts. It also contains vitamin B12 (O’Mahony, 1988). 

 

As milk products play an important role in human nutrition throughout the world, 

consequently, the products must be of high quality. In less developed areas and especially in 

hot tropics high quality of safe product is most important but not easily accomplished (DeGraaf 

et al., 1997). This is required since milk is also a suitable substrate for microbial growth and 

development. The fluid or semi-fluid nature of milk and its  chemical composition  renders it  

one of the ideal  culture media for microbial growth and  multiplication (Gudeta,1987;Ashenafi 

and Byene,1994; Soomrow et al.,2002, Gebra-Emanuel Teka,1997) . 

 

Milk is synthesized in specialized cells of the mammary gland and is virtually sterile when 

secreted into the alveoli of the udder. Beyond this stage of milk production, microbial 

contamination can generally occur from three main sources i.e., within the udder, the exterior 

of the udder and the surface of the milk handling and storage equipment (Murphy, 1996; 

Godefay and Molla, 2000). 
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    Pathogenic or disease causing microorganisms may be shed in to milk even by healthy cows. 

(AVMA, 2005). Further, milk handling procedures on the dairy farms may introduce 

pathogenic microorganisms in to the milk. Milk is an excellent growth medium and when 

stored improperly will allow the rapid proliferation of pathogens. A recent survey by  (Jayarao, 

et al., 2006 ) identified  several  food borne pathogenic  bacteria, including Campylobacter 

jejuni, Escherichia coli, Listeria monocytogens, Salmonella serovars  and Yersinia  

enterocolitica  associated  with raw milk. 

 

   Microorganisms may contaminate milk at various stages of milk procurement, processing 

and distribution. The health of the cow and its environment, improperly cleaned and sanitized   

milk handling  equipment, and workers  who milk  cows   come in contact  with milk due to a 

number of  reasons  could serve as  sources  of microbial contamination  of milk .Use of  non 

potable water   may also  cause entry of pathogens in to milk. It is known that  tropical 

conditions which  have a hot ,humid  climate  for much of  the year are ideal for quick  milk 

deterioration so pose particular problems because the temperature is ideal for growth and 

multiplication of  many  bacteria( Gilmour,1999;Godefay and Molla,2000). 

  

   Although milk is known to posses several antimicrobial systems, bacterial numbers will 

double in less than 3 hours in unchilled milk. The rate of microbial growth  will depend on 

initial numbers  and the temperature at  which  milk  is held  after  milking  and thereafter 

(Kurwijila et al., 1992). 

 

   The increase in urban population during  the present century  and improvements in methods 

of  milk  preservation  have led to large scale  transportation of  milk from  the producer  to the 

consumer  areas ( Linton,1982). Raw milk collection and its transportation to the processing 

centers present a number of technical, economical and organizational problems in most 

developing countries in tropical regions. These have inevitably increased the risk of infection 

of many people from a common source. Lack of refrigeration facilities at the farm  and  
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household level, with  high ambient  temperature implies  that raw milk  will easily  be spoiled  

during storage  and transportation (Gilmour,1999; Ombui et al., 1995; Kurwijila et al.,1992). 

 

    Diseases that commonly spread from the milk to human beings are tuberculosis, brucellosis, 

salmonellosis, listeriosis, campylobacteriosis, yersinoses, and other bacterial pathogens 

transmitted to humans include streptococcus agalactaciae, staphylococcus aures and 

Escherichia coli (Hahn, 1996). 

 

  Milk in most places in Ethiopia is consumed raw. Milk products such as yoghurt and butter 

are also produced using raw milk as a starting material. Hence, there exists the possibility of 

consuming milk, which has been contaminated with disease causing organisms (Mehari, 1998). 

 

     Hygienic quality control of raw milk and milk products in Ethiopia is not usually conducted 

on routine basis. Apart from this, door to door raw milk delivery in the urban and peri-urban 

areas is commonly practiced with virtually no quality control at all levels (Godefay and Molla, 

2000).   So this study was conducted to identify the microbiological contamination of raw and 

pasteurized milks from the selected milk processing plants. 
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 Statement of the problem  

    Internationally, consumption of raw milk has commonly been associated with food borne 

illness.  Between  1992-2000, 2% of all food borne  outbreaks  in England and Wales were 

milk borne, with  the majority ( 52%) attributed to the consumption  of raw milk .In USA 

where permissions for  the  sale of raw  milk currently exist  in 22 states, 58 outbreaks were 

attributed to raw cow milk between 1978-2000(Tayganyilmaz et al.,2009). 

 

    The world  still  faces  great  problems  of food borne  diseases  associated  with  

contamination  of the food supply. WHO  estimates  that  each  year  there  are 1.3 million  

cases  of  active  diarrhea in  children  under  five  years in  the developing world. A substantial 

number of these cases are due to microbialy contaminated food. It is also clear that much of 

foods are lost as a result of spoilage. Other threat to safe food include different chemicals that 

reach   our  food products such as  pesticides,   fertilizers,  veterinary  drugs and various 

pollutants  from  industrial  waste  as well as  natural  toxins. Some of  these agents  enter  the 

food  chain  because some  people are   unaware  of their  dangers (  WHO,1996 )  

     

   Milk is one of the food products which is used as a vehicle of disease transmission. 

Tuberculosis, typhoid fever,  dysentery, diphtheria, septic  sore throat and  other  streptococcal  

infections, staphylococcal   toxins,  salmonella gastroenteritis, and brucellosis are some  of the  

diseases  transmitted  by milk (  Ehlers,1976 ),While reports on the microbiological quality and 

safety of  milk and milk products  from Ethiopia are scanty (Mogessie, 1992).  

 

So this  study  was conducted to indicate the microbiological contamination  of raw and 

pasteurized milks from  the selected milk processing  plants.  
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 2. LITERATURE REVIEW 

 

2.1 Milk production 

 

       Milk, being a major constituent of the diet, its quality assurance is considered essential to 

the health and welfare of a community. Milk may  contain few  organisms when it leaves  the 

udder ,also milk gets  contaminated at various  stages  be it  from the cow, milkier (manual as  

well as  automated),extraneous  dirt  or  unclean  process water (Hayes  et al., 2001).The threat 

posed by diseases spread  through  contaminated  milk  is well known and the epidemiological  

impact of   such  diseases is  considerable (Foster,1990).With  the aim  of minimizing milk 

associated  health hazards, restrictions and legislation on  the marketing  of  unpasteurized milk  

have been introduced in most countries (ISO,2000).However ,this doesn’t  necessarily 

guarantee the safety  of milk products. Outbreaks of milk borne diseases have occurred despite 

pasteurization, caused either by improper pasteurization or by re-contamination. (Da Silva et 

al., 1998). 

 

    Milk, a natural  liquid food is one  of  our most  nutritionally  complete  food, adding high 

quality protein, fat, milk sugar, essential  minerals, and  vitamins  to  our  diet. However, milk 

contains bacteria that- when improperly handled may create conditions   where bacteria can 

multiply. Most of the bacteria in fresh milk from a healthy animal are either harmless or 

beneficial. But , rapid changes  in the  health of  an animal, or  the  milk  handler, or 

contaminants  from polluted  water, dirt, manure, vermin, cuts, and  wounds  can make raw  

milk potentially  dangerous   ( USDA,1981). 

 

    Milk as an article of food for man kind antedates the earliest recorded history. It is the 

normal secretion of the mammary glands of mammals. Nature   designated milk  as a food  for 

the  young .Mankind, thousands of  years ago, learned  the  possibilities of   milk  and  milk 

products as a food not only for the young but also  for adults( Clarence,1990 ). 
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Because of its near complete nutrient contents, its unique readily available protein, etc. Milk is 

regarded   as best source of food of livestock origin. Hence, the production  in sufficient  

amount in the  form of whole milk(liquid or  dry) and  dairy  products(butter, ayib, ergo) for 

the urban population as well   as those  in deficit milk  production  rural areas is  vital in the  

attainment of  food  self sufficiency (   Mohamed et al., 2004 ). 

 

   Food - borne  diseases are  caused by a wide  range of  agents  and can  result  in mild  

indispositions or  life   threatening  illnesses.  The  true  scale of  their   impact on health  

remains  unknown  since  only a small  proportions  of  cases come  to the  notice of  health  

services  and  even  fewer  are  investigated . It is believed that in developed countries only 

about 5-10 % of the cases are reported. In many  developing  countries  reliable  quantitative  

data  are by and  large  lacking   (   WHO, 1992  ) . 

 

    Bovine  tuberculosis  is transmitted  by the ingestion of  unpasteurized  milk or  dairy 

products  from  tuberculoses  cows, by air borne  infection  in barns and by  handling of 

contaminated   animal products. Transmission of tuberculosis from human origin  through  

milk is  usually  the  result of unhygienic  handling of  milk by  infected persons  or  exposure 

of  milk to flies or  dust. Typhoid , dysentery, and salmonella  organisms  may reach  milk  

from  the unclean  hands  of milkier or other dairy  employees  who are   carriers  or in the 

early  stages of illness( Ehlers,1976) . 

 

    A recent systematic review in New Zealand investigated the strength of evidence to support 

casual links between food borne illness and consumption of raw milk products. The report 

findings indicated moderate evidence exists to support a casual link between consumption of 

raw milk products and salmonella serovars,E.coli species, Listeria monocytogens, 

Campylobacter species (Jaros et al., 2008). 

 

     Several food borne disease outbreaks have been linked to pasteurized milk traced to in 

adequate pasteurization   or post pasteurization contamination (ICMSF, 1998). 
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      The  detection  of coliform bacteria  and pathogens  in milk  indicates a possible  

contamination  of bacteria either  from  the udder, milk utensils  or  water supply used. 

  ( Bonfoh et al.,2003). 

 

    Entrance  of  micro organism is through  hair, udder, and  teats  of  dairy  cows and  can  

move up  the teat  canal. Some of  these  germs cause  an  inflammatory  disease of  the  udder  

known  as mastitis while  other  enter the  milk without  causing  any disease  symptoms in  

animals. In addition,  organisms can  enter the milk supply during  the  milking  process  when  

equipment  used  in  milking, transporting, and storing  the  raw  milk  is  not  properly  cleaned  

and  sanitized  (Namminga,1999 ). 

 

    2.2 Milk Characteristics 

    Milk ranges in color from a bluish-white to an almost golden-yellow, depending up on the 

breed of cattle, the amount of fat and solids present, and, most of all, up on the nature of the 

feed consumed by the cow. Milk has no pronounced taste but slightly sweet to most persons. 

Any pronounced taste is abnormal. Fresh milk has a hydrogen ion concentration of 

approximately 6.5 which indicates that it is really on the acid side of neutrality (Clarence, 

1982).     

 

Table 1 Chemical composition of milk(Clarence H,1982)                           

Constituent                                                                      Percentage  

1.Water----------------------------------------------------------------87.25 

2.Dry matter----------------------------------------------------------12.75 

2.1  Fat------------------------------------------------------------3.8 

 2.2 Protein-------------------------------------------------------3.5 

  2.3Sugar---------------------------------------------------------4.8 

  2.4 Salt/Ash-----------------------------------------------------0.65 

  Total                                                                                     100.00 
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2.3 Overview of dairy development in  Ethiopia 

 

In the first half of the 20
th

 century, dairying in Ethiopia was mostly traditional. Modern 

dairying started in the  early 1950s when  Ethiopia  received the  first  batch  of  dairy  cattle  in  

the  country from UNRRA. With the introduction of these cattle in the country, commercial 

liquid milk production started on large farms in Addis Ababa. In 1960, UNICEF established a 

public sector pilot processing at  shola  on  the outskirt of  Addis  Ababa  in  order to enhance  

growth of  the  dairy  sector. The plant started by processing milk produced by large farms 

(Sintayhau et al., 2008). 

 

Ethiopia holds large potential for dairy development due to its large livestock population, 

favorable climate for improved, high-yielding animal breeds, and the relatively disease-free 

environment for livestock (Mohamed et al., 2004). 

 

    Dairying is practiced almost all over Ethiopia involving a vast number of small or medium 

or large-sized, subsistence or market oriented farms. Based on  climate, landholdings and  

integration with crop production as criterion, dairy system which is part of the subsistence 

farming system  includes pastoralists, agro-pastoralists, and mixed crop-livestock producers; 

the peri-urban; and urban dairy  systems( Sintayhau   et al.,2008). 

 

      Milk production during the 1990s expanded at an annual rate of 3.0 % compared to 1.63-    

1.66% during the preceding three decades (Mohamed et al., 2004). 

 

     The highland smallholder milk production is found in the central part of Ethiopia where 

dairying is nearly always part of the subsistence, smallholder mixed crop and livestock 

farming. Local animals raised in this system generally have low performance with average 

lactation yield of 524 liters. Peri – urban milk production is  developed in  areas where the  

population  density is  high and  agricultural  land is  shrinking due  to urbanization around  big   
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cities like Addis Ababa. It possesses animal types ranging from 50% crosses to high grade 

Friesian in small to medium sized farms. The peri-urban milk system includes smallholder and 

commercial dairy farmers in the proximity of Addis Ababa and other regional towns( 

Sintayhau , et al.,2008). 

 

    Urban livestock makes an important contribution to the city’s food security. Total  annual  

milk  production  is estimated at  44 million liters, 83% of  which is  marketed  while  the  

remainder  is  used  for  household consumption. In  Addis Ababa  city there are  

approximately 5,167  dairy  farms of  which 4,825 (93.4%) are  classed  as small scale  with  1-

5  cows .The  total  cattle  population is  estimated at  58,500, of  which 35,704 (53.5 %) are 

indigenous  breeds, (Zebu crossbreeds designated as  “Abyssinian  type “) and 31,062 (46.5%) 

crossbreed(Holstein x indigenous  breeds).Women  own roughly 43% of  the  dairy  cattle and 

head approximately  33%  of  livestock keeper households( UDSS,2006 ). 

 

  2. 4 Bacteriological quality of raw milk 

    Due to its complex biochemical composition and high water activity, milk serve as an 

excellent culture medium for the growth and multiplication of many kinds of microorganisms 

(Ashenafi and Beyene, 1994).  

 

    Presence  and multiplication of  saprophytic  bacteria  in raw milk might change  the milk 

composition  and  influence  the quality of  the product( Godefay and Molla,2000). 

Moreover, the flavor of the raw milk may be adversely affected and heat stable bacterial 

enzymes may continue to act in the product, particularly during long storage and adversely 

affect stability and/or flavor of cream and upper treated milk (Heeschen, 1994) 

 

2.5 Sources and significance of bacterial contamination 

   The bacterial  contamination  in milk emanates from a number of sources including mastitis,  

external  udder surfaces  and from  the  milking  plant (Hagstad and Hubert,1986).Inadequate  

cooling of the milk, improper  udder preparation methods, unclean milking equipment and the 

water  used  for cleaning  purposes  are considered  as the main source of milk     

contamination(DeGraaf et al.,1997). 
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    The conditions necessary for bacterial multiplication are moisture, suitable temperature, air 

and nutriment. Milk which supplies all these essentials to bacterial existence is one of the most    

favorable media for the growth of microorganisms (Harry, 1952).    

 

    During milking, the major source of bacteria in milk is the milk contact surfaces of milking 

equipment and milk cans or bulk tanks (Ashenafi and Beyene, 1994).In practice, the 

contribution of milking equipment to the micro flora of the milk can’t be accurately obtained 

by bacteriological counts on the milk produced, because of the variability in numbers and types 

of bacteria derived from cow’s udder (Hagstad and Hubbert 1986). 

 

      Cleaning  and disinfections of equipment after each milking is important for reduction of 

contamination of milk from the equipment and with rinsing, about 10% of the number of 

bacteria found in milk can be reduced (Murphy, 1996). In most cases not all bacteria are 

removed and killed during cleaning and disinfections. Also out growth of remaining bacteria 

fixed in the wall of the container between two milking period is supposed (Mehari, 1998). A 

milk can that is improperly washed, inadequately sanitized or sterilized or insufficiently dried, 

may contribute millions of bacteria to every milliliter of milk placed in it (Murphy, 1996).  

     

After production, milk can be stored in cans and in bulk tanks before collection. Raw   milk 

stored in cans should be transported to the dairy plant on the same day, because storage 

temperatures are rather high. Spoilage of this raw milk is due to Streptococci and coliforms 

resulting in souring of the milk. Milk storage and transport are aimed at having good quality 

milk available where and when needed for processing (Walstra et al., 1999) 

 

       Although  the  air of  the milking  environment  rarely  contributes a significant number of 

the total microbial count of milk, extremely dusty conditions  may increase  the  counts .Milk  

handling  personnel (milkier, butter maker, cheese maker, etc.) may contribute  various 

organisms including  pathogens  especially when they are careless, uninformed , or willfully 

negligent, directly to milk(Ashenafi and Beyene,1994).The soils, while the cows are in pasture, 
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manure, the animal tails etc. are some of the possible sources of  contamination of milk(Gebra-

Emanuel Teka,1997). 

 

    To prevent or retard growth of bacteria in milk and to maintain its quality for domestic 

consumption or during transport to the processing plant, it is essential to cool the fresh milk as 

quickly as possible (Godefay and Molla, 2000).  

 

Although milk is known to posses several   natural antimicrobial systems, bacterial numbers 

will double in less than 4 hours in unchilled milk. The rate of microbial growth will depend on 

initial numbers and the temperature at which milk is held after milking and there after 

(Kurwijiila et al., 1992). 

 

2.5.1 Coliform bacteria in raw milk 

      Coliforms are group of bacteria, which inhabit the intestinal tracts of human and animals. 

They are excreted in large number with human excreta and animal droppings .They may be 

found in the soil, on vegetables and untreated water (Gebra-Emanuel Teka,1997). It includes 

all aerobic and facultatively anaerobic, gram-negative, none spore forming rods able to 

ferment lactose with the production of acid and gas at 35 ºc within 48 hours. Most of them 

belong to the genera Escherichia coli, Enterobacter and Klebsiella (Godefay and Molla, 

2000).  

 

     Coliform organisms  contaminate raw milk  from unclean  milker’s  hands, improperly 

cleaned and  unsanitized  or  faulty  sterilization  of raw milk utensils  especially churns, 

milking  machines, improper preparation of the cow’s flecks or dirt, manure, hair dropping in 

to milk during  milking, udder washed with  unclean  water, dirty towels  and udder  not 

dried before  milking( Ombui  et al., 1995). 

 

     The presence of coliform  organisms in milk indicates unsanitary conditions of 

production, processing or storage .Hence their presence  in large  number in dairy  products  

is an indication  that  the products are  potentially  hazardous to  the consumers’ 

health(Godefay and Molla,2000).  
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    The following are the most important disease causing organisms that can be found in milk; 

   Salmonella species: Many strains  of  salmonella  can cause   food borne  illness in  humans, 

and  all strains  exhibit  the  same  symptoms  such as  gastroenteritis (vomiting  and  diarrhea). 

Pasteurization   destroys  the  salmonella  organism, and  although   pasteurized milk , 

powdered milk, and  cheese have been implicated in salmonellosis outbreaks, in these  cases,  

the  pasteurized milk was contaminated  during  further  processing(USDA,1981).  

 

   Most food borne salmonellosis outbreaks have been implicated to food containing eggs or 

poultry products. Nevertheless, there have been several outbreaks of salmonella for which milk 

or milk products were responsible (Vlaemynck, 1994).  

 

   Staphylococcus  aures:  is a common  cause of  mastitis in dairy  cattle  and can  enter  the  

milk supply from sores on the teats  of cows  or from the hands  and  nasal discharges of  dairy  

farmers  and  workers. The Staphylococcus organism produces  an  enterotoxin ( toxins causing  

vomiting and  diarrhea ) in  raw  milk  when it  is  held  at  temperatures  above  50 degree  

Fahrenheit. Sufficient amounts of enterotoxin in foods can cause illness. The incidence of  

staphylococcal  intoxication  has  been  greatly  reduced  by  pasteurization(USDA,1994).  

 

The pathogenecity of Staphylococcus aures has been recognized for many years and it may 

cause mastitis of skin disease in milk producing animals or lead to food borne intoxication in 

milk and milk products (Asperger, 1994) 

 

 Escherichia coli;. It is a frequently contaminating organism and is reliable indicator of   fecal 

pollution generally in sanitary conditions of water, food and milk and other dairy products 

(Soomro et al., 2002).  

 

 Listeria Monocytogens;   This widespread organism is found principally in soil.        

Listeriosis in  humans  may  cause  serious  illness  and is  specially  dangerous  to  pregnant 

women, causing   stillbirths or  infant  death  soon  after  birth (USDA,1994). 
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Campylobacter jejuni; This organism, isolated in raw milk and meat, can cause mastitis in 

dairy cattle. It has also been isolated in the feces of many species including dogs, cats, rodents, 

cattle, sheep, swine, and poultry. Symptoms include vomiting, cramps, bloody diarrhea, mild 

enteritis, or severe enterocolitis.  Individuals who have recovered from the disease may suffer a 

relapse. Campylobacter jejuni is destroyed by pasteurization (USDA, 1981). 

 

With no symptoms of mastitis  detected,  the consumption of raw milk of infected cows caused 

enteritis in some persons (Hahn, 1994).    

 

Mycobacterium bovis; causes tuberculosis in both human and domestic animals. The disease is 

important   from the point of public health as well as its detrimental effects on animal 

production. When raw milk is consumed, it acts as a vector by which M. bovis is transmitted to 

man. Human  tuberculosis due to M.bovis  is rare in countries  that have adopted  

pasteurization  and extensive  veterinary control measures  but even in those countries  the 

disease  is not extinct ( Sinha,1994a). 

 

Yersinia entrocolitica; Among the yersinia species in food hygiene, only Yersinia 

enterocolitica is of predominant importance. Obviously, milk and milk products as a source or 

vehicle for human yersiniosis are not so important as for example with campylobacter 

infections. Because Yersinia enterocolitica is surely inactivated by pasteurization, only raw 

milk and milk products or recontaminated ones may be dangerous (Hahn, 1994). 

 

Streptococcus agalactiae; Milk borne Streptococcus agalactiae infections are usually acquired 

by   drinking milk from an infected cow. The organisms enter through the teats and teat canal 

and cause inflammation of the teats and udder of the cow. The infected cow secretes with the 

milk viable organisms, which eventually reach the consumers (Gebra-Emanuel Teka,1997).  

 

Mycobacterium tuberculosis; causes tuberculosis in humans, the organisms get access to milk 

primarily from infected humans or animals at post secretary stage. Human tubercle bacilli 

apparently cause transient infections in cattle. In such cases, cattle may excrete the bacilli in 
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their milk from apparently normal udders. There   have been few reports of symptomless cows 

excreting virulent M. tuberculosis in their milk following inoculation and natural infection 

(Sinha, 1994b).  

  

2. 6 Public Health importance of raw milk 

      Milk, either raw or processed, is a well known vehicle for a number of human pathogens. 

Milk  and milk products  have , therefore, pose a health risk  to consumers if it is  

contaminated by  any pathogens  and subjected  to temperature abuse  where these organisms 

can multiply  to high counts and may produce toxins(Radostitis et al., 1994). 

 

    In countries where food borne illness are investigated and documented, the relative 

importance of pathogens like staphylococcus aures, E.coli, salmonella species and listeria 

species is well known (Godefay and Molla, 2000).  

 

2.7 Public Health Standards for milk 

        The microorganisms present can originate from interior of the udder, its exterior and/or 

milking equipment. High initial microbial count in milk of >10
5  

Cfu/ml  is evidence of  serious  

faults in milk  production hygiene, where as   production of milk  having counts  consistently 

below 10
5
 Cfu/ml reflects  good hygiene  practices .  Coliforms can rapidly build up in moist   

milking equipment, which then becomes the major source of contamination of milk produced. 

Coliform counts regularly in excess of 150 Cfu/ml are considered generally as evidence of 

unsatisfactory hygienic production. However, relatively low coliform counts in milk don’t 

necessarily indicate effectively cleaned and disinfected equipment (Ombui et al., 1995).  

 

     Milk has a high nutritive value, not only for the new-born mammal and for the human 

consumer, but also for microbes. The quality and safety of market milk begins with milk 

producer (farmers).Even with higher levels of quality, some consumer groups challenge and 

question the microbial safety of the milk supply which affects the milk producer’s profits and 

staying power. (Hayes et al., 2001). 
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    The microorganism ,which may gain entry  to milk, can  multiply and  bring  about either      

spoilage or  render them unsafe due to   potential  health hazards( Chye et al.,2004).  

 

2.8 Milk and its keeping quality 

   The keeping quality of milk is influenced by the milk’s microbial content and the 

conditions that enhance or inhibit growth of the milk’s microbial flora. Shelf   life of 

pasteurized  milk is influenced by somatic cell concentration in raw milk and is indicative of 

abnormalities  in the cow  that is  shorter shelf life and adverse  milk flavors are the common 

results  of elevated somatic cell concentration score( Rice and Bodman,1997). 

 

      Product temperature is a major factor influencing shelf life. Product temperature must be 

between 4 to 5 ºc for maximum shelf life. As a general rule, for every 2.8ºc rise in 

temperature, shelf life is reduced by about 50 %( Mehari, 1998). 

 

       In Ethiopia, smallholder milk processing is based on sour milk mainly due to high 

ambient temperatures, consumer’s preferences and increasing keeping quality of sour milk 

(Ashenafi, 1990).According to Mehari (1998) raw and pasteurized milk could be kept for 2 

and 7.5 days at refrigeration temperature respectively where as at room temperature it is only 

0.9 and 4.3 days respectively. 

 

2.9 Milk processing  

Boiling; it is the easiest and most practicable method of making milk safe in every home. As 

soon as raw milk is produced or delivered, it should be boiled. Boiling involves raising the 

temperature to the boiling point and maintaining at this temperature for a few minutes. Then 

the milk should be cooled immediately. If it has  to be stored , the temperature should be 

maintained  below 10ºc. Since this  may be impracticable  at home , preferably the milk must 

be   consumed  as soon as possible after cooling and not  an extended  period  of time after it 

has been boiled and cooled ( Gebra-Emanuel Teka,1997 and Linton, 1982). 
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Drying; All the water component of the milk is removed by evaporation. It is brought about 

by heating milk at a high temperature until only solid components remain in the form of 

powder ( Gebra-Emanuel Teka,1997). 

 

Pasteurization; a process applied to a milk product with the object  of minimizing  possible  

health  hazards arising from pathogenic microorganisms  associated with milk, by heat 

treatment which is consistent  with chemical, physical and organoleptic change to the product 

( Harding,1999). 

 

The objective of pasteurization is to ensure that all pathogenic and spoilage microorganisms, 

commonly found in milk are completely destroyed, to safeguard  the food value of  milk, to 

ensure   that other non pathogenic  bacteria and certain undesirable enzymes, which may 

cause spoilage, are inactivated or  reduced  to optimal levels(Gebra-Emanuel Teka,1997). 

This requires  heating  the milk to a specific  temperature, holding it for a specified  period  

and subsequent   cooling  of the product  rapidly below 10ºc ( Linton,1982). 

 

2.10 Importance of hygienic quality of milk 

   Milk is an ideal balanced diet for human beings. It is not surprising therefore that it also 

provides an ideal medium for growth of bacteria. Bacteria find accidental access to milk may 

give rise to consumer’s health problems or product faults. Bacteria produce enzymes, which 

attack fat, protein or lactose and some of these enzymes even survive in milk after the 

bacteria have been killed by heat treatment, hence affecting the quality of pasteurized milk, 

can all be minimized by starting the manufacturing process with raw milk of good hygienic 

quality (Harding, 1999). 

 

2.11  Milk  marketing 

    Informal  milk  marketing accounts  for over 70%  of  total  milk sales in  Addis Ababa 

and accounts  for  the  majority  of  urban  dairy  farm milk  production. Raw milk is 

marketed locally by smallholder urban producers directly or through middlemen. Raw  milk  

is generally  produced in  very unhygienic conditions, it is  after adulterated, and can  

transmit zoonotic  diseases  which  presents a public health risk. Formal milk  marketing  of  
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pasteurized  milk  and  milk  products accounts  for under 30% of  total milk sales in Addis  

Ababa  even though  these  products  are hygienically  prepared and  considered  safe  for  

human  consumption ( UDSS,2006 ). 

 

2.12 Pasteurization 

Pasteurization is the process of heating milk for a predetermined time at a predetermined   

temperature to destroy pathogens. The thermal destruction process is logarithmic, and bacteria 

are killed at a rate that is proportional to the number of bacteria present. Pasteurization 

improves the safety and lengthens the shelf life of a product by destroying pathogenic and 

spoilage   organisms (Jeffrey et al, 2009). 

 

    It  was  named  after  Louis Pasteur  who discovered  that  spoilage  organisms  could  be  

inactivated in  wine  by  applying  heat at  temperatures  below  its boiling points. The process  

was later applied  to  milk  and  remains  the most important operation  in  the  processing  of  

milk.    (Namminga, 1999). 

 

       Pasteurization destroys most  disease  producing  organisms and  limits  fermentation  in 

milk , beer, and other  liquids by  partial or  complete  sterilization. The  pasteurization process  

heats milk  to 161 degree Fahrenheit (72 ºc)  for  15 seconds, inactivating  or  killing organisms  

that  grow  rapidly  in  milk.  Pasteurization does not destroy organisms that grow rapidly in 

milk and also does not destroy organisms that grow slowly or produce spores.  While 

pasteurization destroys   many microorganisms in milk, improper handling after pasteurization 

can re-contaminate milk. (UDSS, 2006) 

 

2.12.1 Purpose of Pasteurization 

Conditions  nearly ideal are difficult to attain, and  where large cities  require  vast  quantities 

of milk that they must  go  long distances  and to many  dairies  for their  milk supply, 

pasteurization is a practical necessity  in order to  safe guard the health  and well being of  the  

average  consumer( Clarence, 1990). 

So basically there are two distinct purposes for the process of milk pasteurization; 
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1. Public health aspect- to make milk and milk products safe for human consumption by 

destroying all bacteria that may be harmful to health. 

2. Keeping quality aspects- to improve the keeping quality of milk and milk products.      

Pasteurization can destroy some undesirable   enzymes and many spoilage bacteria.    

 

2.13 Types /Methods of Pasteurization 

There are many types of pasteurization techniques employed these days: 

 

 2.13.1 Batch Pasteurization 

The  batch  methods  uses a vat  pasteurizer  which  consists of a jacketed vat  surrounded by  

either circulating water, steam or  heating  coils of water or  steam. In  the vat the milk is  

heated  and  held  throughout  the  holding  period  while  being  agitated. The milk  may  be  

cooled  in  the  vat  or  removed hot  after  the  holding  time is  completed  for  every  

particle(Namminga,1999). 

 

2.13.2 Continuous Pasteurization 

In Continuous processing, a high temperature short time (HTST) pasteurizer is used. The heat 

treatment is accomplished using a plate heat exchanger. This piece of equipment consists of a 

stack of corrugated stainless steel plates clamped together in a frame (Smith, 1981). 

 

2.13.3 Ultra High Temperature (UHT) Pasteurization 

Ultra High Temperature (UHT) pasteurization, raises  the  temperature  of  milk   to  over 200 

ºF for a few  seconds  followed by  rapid  cooling. UHT- Pasteurized  milk  that is  packaged  

aseptically  results  in a “ shelf life”  product  that  doesn’t   require  refrigeration  until  

opened(  Namminga,1999  ). 

There are  different time temperature combination for effective  pasteurization as indicated  in 

table 2. 
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 Table 2 Time and temperature for pasteurization of fluid milk approved by the US Food 

and Drug Administrations (USFDA, 2005) 

Temperature Time in seconds 

64ºc(145ºF) 1800 

72 ºc(161 ºF) 15 

89 ºc(191 ºF) 1 

90 ºc(194 ºF) 0.5 

94 ºc(201 ºF) 0.1 

96 ºc(204 ºF) 0.05 

100 ºc(212 ºF) 0.01 
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3. OBJECTIVE 

 

     3.1 General objective 

 To assess the microbiological quality of pasteurized milk collected from different milk  

processing plants in and around Addis Ababa. 

. 

      3.2 Specific objectives 

• To determine the   pasteurization   efficiency of selected  milk processing plant. 

  

• To determine whether  the disease  causing micro-organisms such  as Mycobacterium , 

Salmonella ,Staphylococcal ,Streptococci and Shigella species  are  found in 

pasteurized  milk. 
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4. METHODS AND MATERIALS 

 

 4.1 Study Area 

 

 The  study  was   carried  out  from   December, 2009 to April ,2010  at  Addis Ababa city 

Administration particularly at Lafto and  in Oromia Regional  State ( Bushoftu- located 47 km 

south east of  Addis Ababa and  Alemgena- located 20 km south west of Addis Ababa) areas 

where the pasteurizing  plants are located .These selected milk processing plants are the major 

milk processing plants in Ethiopia and also have the largest pasteurized milk market share in 

and around Addis Ababa.  

 

4.2 Study Design 

 

Two  samples  ( one raw milk  sample and  one pasteurized milk sample)  were collected  every  

day  for  three  days  from  each  plants..  

 

 For  sake of ethical purposes the five plants  were  coded as follows; Plant  1 as  A, Plant 2 as 

B, Plant 3 as C, Plant 4 as D, and Plant 5 as E. From all of these plants two samples were taken 

daily for three  days except  pasteurized milk was taken from plants D and E. These plants 

were selected based on their market share both in Addis Ababa and the surrounding towns. 

(Their product is almost consumed frequently). 

 

4.3 Sampling and sample processing 

 

Samples were collected by using 300 ml sterilized bottle and transported using cold chain and 

analyzed   within 6 hours after collection (APHA, 1992)   
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 For samples before pasteurization,  it was taken at inlet and for pasteurized milk, milk from 

pasteurizer tank was taken by dipping, and packed milk samples  were also taken at point of  

an out let. 

 

 The raw milk   samples were taken as indicated in annex-2 and  500 ml packed pasteurized 

milk samples were  taken from  the factory outlet shops except for the Plant A that is taken  

from the pasteurizer it self by dipping. In order to estimate the microbial load  per milliliter of 

milk for both raw and pasteurized milk  tests for Aerobic plate count , Fecal coloiform, 

Coliform, Staphylococcal aures  and E.coli  were conducted as follows. 

  

Aerobic Plate Count (APC)  

The media used for this micro-organisms were Dichloran rosebengal agar and  the diluent was  

peptone  agar.  

 

Ten ml of liquid milk sample was transferred to 90 ml of diluents in a flask used to make  10
1
 

dilution. After shaking it well for 10 minutes, 1ml of sample was pipetted in to a tube   labeled 

10
2
  containing 9ml of normal  saline. From 10

2
 dilution 1 ml of mixed sample was transferred 

to a tube  labelled   10
3
 containing  9ml of the  diluent. From 10

3 
  1 ml of  mixed sample was  

transferred to a tube labeled  10
4
 containing 9 ml of the diluents. This step was continued until 

10
6
   dilution factor was obtained. 

 

For pour plating  1 ml of  each  serial dilution was pipetted in to each dishes  by using   bent  

glass rod  and  incubated  using  the  dishes  inverted  at 22°c   for 7 days. The serial dilution 

Agar plating  method was used for determination of colony  count of bacteria/micro-organisms  

( NMKL,2006) . 

 

Staphylococcus aures 

The  media used were  baired  parker and  tellurite egg yolk emulsions as a supplement. 

Twenty five(25ml) of a sample  was transferred  to a flask containing 225 ml of normal saline. 

The homogenate was shaked and pipetted to 1 ml  tube containing 9 ml of  normal saline 
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 For  inoculation (spread plate ) 1 ml of the  suspension  on the plates  spreaded  with a sterile  

bent  glass rod and incubated  at  37 °c  for 48 hours. For  confirmation  coagulase  test  was 

conducted ( NMKL,2003). 

 

Coliform 

The media used  were; Violet red bile agar, Tryptone  soya agar and Brilliant  green broth and 

the diluents was peptone  water. 

 

Ten ml of  liquid   milk sample  was  transferred  to  90 ml of  diluents  to  make  10
1 

dilution. 

After shaking   the first dilution well 1 ml of  a sample  was transferred  to a tube  containing 

10
2
  containing 9 ml of  normal saline . From the 10

2 
dilution, 1 ml of the sample was  

transferred to a tube  labeled  10
3
 containing 9 ml of   the diluent. The preparation of the 

dilution factor was conducted until 10
6
 was obtained. For  pour  plating  1 ml of  each  serial 

dilutions was pipetted  in to each  marked  duplicate dishes. 

 

  Ten  ml of  the molten trypton soya agar  kept  at 45°c in to each Petri dish and  the dilution  

was mixed. After   waiting  for  an hour 15 ml of the Violet red bile agar  kept  at 45°c   in to 

each Petri dish. 

 

The dishes were incubated inverted at 37°c for 24 hours. For confirmation colonies   were 

inoculated in to brilliant  green  bile broth and incubated  at 37°c for 48 hours  and production 

of gas  and  turbidity was observed (   NMKL,2004  ). 

 

Salmonella 

 

The media used were Selinite cystine broth, Nutrient agar, maconkey agar  and salmonella 

shigella agar(SS agar)  and  the diluent  was phosphate buffered peptone  water. 

Twenty five ml of  sample  was added  to 225 ml of  diluents  in a flask  to  make  10
1
 dilution. 

 

The suspension was   incubated  at 37°c  for  24 hours for pre enrichment  incubation. One ml 

of  suspension  was transferred  to selenite  cystine broth .For enrichment  the  sample 
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suspension  was incubated at  37°c. A loopful   of inoculate  was taken and inoculated  on  

salmonella shigella agar .After incubation typical colonies usually with black centered was 

observed for positive result (NMKL,2005). 

 

Shigella 

 

Twenty five ml of  sample  was added  to 225 ml of  diluents  in a flask  to  make  10
1
 dilution. 

The suspension was   incubated  at 37°c  for  24 hours for pre enrichment  incubation. One ml 

of  suspension  was transferred  to rappaport  vasilides. 

 

For enrichment the  sample suspension  was incubated at  42°c. A loopful   of inoculate was 

taken and inoculated  on  salmonella shigella agar . 

 

After incubation typical  flat  colonies  that shows non lactose  fermenting  was observed for 

positive result.  For confirmation  the  suspected  colonies were sub cultured  on maconkey 

agar  and a  biochemical   test was conducted (NMKL,2005). 

 For all tests the colony was calculated by using the Formula: 

N=C/V (n1+0.1n2) d 

Where C= is the sum of colonies on all plates counted 

            V=is the volume applied to each plate 

             n1 = is the number of plates counted at first dilution, 

             n2 =is the number of plates counted at second dilution 

              d= is the dilution from which first count was obtained, 

              N= is the average plate count 

 The result was rounded  to two significant figures and expressed as a number  between1.0 and 

9.9 multiplied by 10 x where x is  the appropriate  power of 10.The best two consecutive 

dilutions, as n1 and n2 were used to calculate the results. (QSAE,  2001). 
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For mycobacterium the laboratory procedure was as follows: (Gobena, et al, 2005 ).                  

Twenty five ml of milk sample was transferred in to the centrifuge tube and centrifuged at 

3000 rpm for 10 minutes  

 

By decanting the supernatant, equal volume of 4% NaOH   was added to the sediment and 

again by mixing it well for 10 minutes it was centrifuged at 3000 rpm at 4ºc for 15 minutes. 

By decanting the supernatant the sediment was mixed well and then a drop of phenol red 

indicator was added to the sediment until it become red. Then 2N   HCl was   added to the 

sediment   drop by drop until the color changed from purple to yellow. One to three drop  of 

neutralized sediment  was inoculated in to two LJ media one labeled with P and  the other with 

G .Then the  sample  was incubated  at 37 ºc with 10%  CO2  air slant position  for one week 

until complete growth was  observed.( Annex II ) 

 

For confirmation biochemical test that include culture for niacin and nitrate test was conducted. 

All   tests were conducted at Ethiopian Food and Nutrition Research Institute laboratory. 

 

The efficiency of the pasteurization of  the  sampled plants were evaluated  using the formula 

          developed by (Wisley,O. et al,1999) 

 

  %( Efficiency) = Microbial count of  raw milk  – microbial count  of pasteurized milk   x 100  

                                                  Microbial count of  raw milk 

 

4.4. Data Analysis 

The data was analyzed by using   SPSS version 12.0.1 and   MS Excel 2003 programs and 

presented by using tables. Mean and standard error for all tests were computed.  

 

4.5 Consent from the factories/Study population 

The  management  of  each plants  were  informed  about the purpose of the  study and a copy  

of  results  were  submitted  for  the  plants  management  for  their corrective  action. 
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5. RESULT AND DISCUSSION 

 

5.1 RESULTS 

 

   A total of 48 samples were taken from five plants and triplicate of tastes were conducted for 

each of them including tests for mycobacterium bovis and expressed in terms of mean 

(average). 

 

The result indicated that aerobic plate count which was incubated at 22 ° c for 5-7 days ranges 

from 1.2 x10
4
 to 4.6x10

6
 cfu/ml in raw  milk and 1.2x10

3
 to5.2x10

5  
cfu/ml in pasteurized 

milk.(Appendix I).  

 

    Escherichia coli  which  is used as indicator  organism  for the presence of pathogenic 

organisms was present in all raw milk  and only detected  in two pasteurized milk from plant B 

and plant E. It ranges from 1x10
4 

cfu/ml to 1.6x10
6
cfu/ml in raw milk and 1.76x10

2 
cfu/ml to 

4.4x10
4 

cfu/ml 
 
on average in pasteurized milk. 

 

Fecal  coli forms which  is  an indicator of  poor hygienic  condition  during milk handling  

ranges  from 6x10
3
cfu/ml to 2x10

6
 cfu/ml in raw milk samples  and 6.8x10

2
 cfu/ml  to 6x10

4
 

cfu/ml in pasteurized milk. 

 

Staphylococcal  organisms  was also  detected in one sample  of raw milk  from the three  

plants  and detected  in  two samples of pasteurized milk from  the five   milk processing  

plants(Table 3 ). 
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Table 3. Mean +   Standard Error count of microbial groups in milk samples collected 

before pasteurization (raw milk) expressed in cfu/ml                                     

Microbial groups Plant A Plant B Plant C 

Aerobic Plate Count 1.767x10
6  

+1.43x10
6   

 

7x10
5
+3.54x10

5
 1.1x10

6 
+3.5x10

5
 

E.Coli 5.37x10
5 

+5.32x10
5 

 

4.33x10
4  

+ 2.7x10
4
 1.66x10

5 
+1.57x10

5
 

Coliform 1.47x10
6
+5.93x10

5 

 

1.88x10
5 

+9.35x10
4
 1.12x10

6  
+5.9x10

5
 

Fecal Coliforms 6.67x10
5 

+6.6x10
5 

 

3.73x10
4 

+2.21x10
4
 1.93x10

5 
+1.43x10

5
 

Staphylococcus 

aures  

0 1.05x10
5 

+3.5x10
4
 0 

 

 

Note: Samples from plants D and E were not included here. 

 

Table 3 shows that mean APC ranges from 7x10
5
 to 1.767x10

6
 cfu/ml and Staphylococcus 

aures ranged from 0 to 1.05 x10
5
 cfu/ml. E ,coli was also detected from 4.33x10

4
 to5.37x10

5
 

cfu/ml  and Fecal coliforms ranged from 3.73x10
4
 to 6.67x10

5
 cfu/ml. Plants A and C were 

negative  for staphylococcal  aures test, which may be due to  less or no  contact of workers  

hands or other infected  parts with milk during  the processing. 

 

 

 

 

 

 

 

 



  

 

 

28 

 

Table 4.Mean +   Standard Error  count  of microbial  groups in milk samples collected 

after pasteurization expressed in Cfu/ml                     

Microbial groups Plant A Plant B Plant C Plant D Plant E 

Aerobic Plate 

Count 

1.14x10
5
+9.35x10

4
 1.53x10

5 
+6.99x10

4
 2.08x10

4  
+ 1.06x10

3                          
3.72x10

5 
+8.55x10

4
 3.25x10

5 
+9.77x10

4
 

E.Coli 1.76x10
2   

+   1.7x10
1
 3.33x10

2 
+2.44x10

1
 0 0 

 

2.2x10
4 
+ 1.5x10

3
 

Coliform 8x10
1 
+ 4.163x10

1
 7x10

4 
+ 4.03x10

4
 4x10

1 
 + 2.5x10

1
 0 

 

4.8x10
5
+2.468x10

5
 

Fecal Coliforms 2.26x10
2 
+ 1.03x10

1
 2x10

4 
+1.97 x10

4
 0 0 

 

2.27x10
4 
+1.226x10

4
 

Staphylococcus 

aures  

0 1 x10
2 
+  0.66 0 0 

 

2.4x10
4 
+ 1.27x10

3
 

 

 

 Pasteurized  milk obtained from the five milk pasteurization  plants  were tested  for  different  

micro organisms  . Accordingly  Plant D was negative for many of  the tests conducted except  

for APC  tests which was 3.72x10
5
 cfu/ml .  And plant C was also positive for tests of APC and 

Coliform  which were  2.08x10
4
 and 4x10

1
 cfu/ml respectively. The tests were the average of 

triplicate tests( Table 4 ). 
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Table 5. Mean  tests for different micro organisms expressed in log 10 + Standard Error  

taken from both raw and pasteurized  milk  samples 

 

 

 

Note:  - Symbol for  samples not taken 

 

Table 5 shows the results of  different microbiological tests comparatively  for  both raw milk 

and pasteurized milk  samples with   standard error. The figure  was changed to log[10] by 

using scientific calculator . 

 

 

 

 

 

 

Tests Type of 

Milk 

Plant A  Plant B Plant C Plant D Plant E 

Aerobic Plate 

Count 

Raw 6.24+6.15 5.84+4.84   6.04+  5.54 -  - 

Pasteurized 5.05+  4.97 5.18+ 4.84 4.31+ 3.02 5.57+ 4.93 5.44+ 4.986 

Staphylococcus 

Aures 

Raw 0 5.02+ 4.54 0 - - 

Pasteurized 0 2 + 0.18 0 0 4.38+3.1 

E.coli Raw 5.73+ 5.72 4.63+ 4.43 5.22+  5.19 - - 

Pasteurized 1.76+ 1.2 2.52+ 1.38 0 0 4.34+3.17 

Coliforms Raw 6.16+5.77 5.27 +4.97 6.04+4.77 - - 

Pasteurized 1.90+1.61 4.84+4.6 1.602+1.39 0 5.68+5.39 

Fecal coliforms Raw 5.82+ 5.81 4.57+4.34 5.28+ 5.15 - - 

Pasteurized 2.35+ 1.01 4.3+ 4.29 0 0 4.35+4.08 

Mycobacterium 

Bovis 

Raw -ve -ve -ve - - 

Pasteurized -ve -ve -ve -ve -ve 
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5.2. DISCUSSION 

 

   The study was  aimed to evaluate the pasteurizing performance of the five milk processing 

plants  found in and around Addis Ababa. Accordingly the raw milk samples  tested  for 

Aerobic Plate count, coliform  and E.coli   were  detected in the range 1.2x10
4
 to 4.6x10

6
 

cfu/ml
 
 with mean 7.78x10

6
cfu/ml ,1x10

2
 to 2.6x10

6
 cfu/ml with mean 5.334x10

6
cfu/ml and  0 

to 1.6x10
6
cfu/ml  with mean 1.8x10

6
 cfu/ml  respectively. This range is much greater than the 

recommended value by the South African Standard (1997) which is <2x10
5
cfu/ml, <10 cfu/ml 

and 0/ml for   Aerobic Plate count, Coliform and E.coli respectively. 

 

 The mean Aerobic plate count for raw milk (7.78x10
6
cfu/ml) when compared with the work of 

Alehgne (2004) (5.67x10
9
cfu/ml),Mehari (1988) (10

7
-10

9
 cfu/ml),Degraaf et al.(1997) 

(3.88x10
7
cfu/ml), and Godifay and  Molla (2000) (1.9x10

8
cfu/ml) was a slight lower, but 

higher  than the recommended value by  APHA (1992) which is 2x10
5
 – 4x10

5
 cfu/ml. 

 

The mean coliform test for raw milk (5.334x10
6
cfu/ml) in this study is  higher than that of the 

study by Kurwijilla et al.,(1992)  from Tanzania ( 10
5
cfu/ml), Ombui et al.(1995) from Kenya 

(5x10
4
 cfu/ml) and Godifay and  Molla (2000) (7x10

4
 cfu/ml), but according to American and 

European  community member states, the acceptable  limit for APC  and colifrom counts  for 

raw milk is between 2x10
5  

- 4x10
5
 cfu/ml and 150 cfu/ml, respectively (APHA,1992) which 

showed  that the result  obtained in this  study  is above the recommended  value. 

 

Another  study  conducted  in   Namibia , Neudamm farm milk   resulted in the total aerobic  

count of 7.8x10
3
-1.3x10

5
 Cfu/ml   and coliforms  in the range of 2.4x10

2
-2.3x10

3 
cfu/ml,  

which  is a slight  lower result when compared with the current  study(Malick,1996).                  
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Pasteurized milk is expected to be free from pathogenic microorganisms or any coliform 

/indicator organisms. But , the results obtained  from  the five  plants  indicated the presence of 

both indicator and other pathogenic  micro organisms above the permissible level by  

(APHA,1992). 

               

According  to Reinemann et al.1999   bacteriological  contamination   of raw milk  can occur  

from organisms that can contaminate  milk from environmental  sources  and from shedding  of 

mastitis  organisms  within the udder. 

 

Normally ,  raw milk  from healthy udders  contains <1,000cfu/ml  and therefore do not have a  

significant  contribution  to the total numbers  of microorganisms  in the bulk milk,  or to a 

potential  increase  in  bacterial numbers during  refrigerated storage.( Murphy and Boor,2006). 

Occasionally, infected cows can shed more than 10
6
 bacteria /ml (Bramley and Mckinnon, 

1990). At herd level,  the effect of  shedding on the  bulk  tank bacterial count  depends  on the 

size of  the herd, number of  mastitis cows, and ratio of  mastitis to  non mastitic milk (Hayes 

et al.,2001) 

 

The standard plate count  is a critical  control point  for  raw milk quality  and many  milk  

purchasers have  standards that  are more  rigorous  than  the official  regulations. A reasonable  

goal  for  standard  is <  5x10
3
 cfu/ml and  a count  of > 10

4
cfu/ml is  usually  indicative of  a 

problem ( Jayarao et al., 1998,). 

 

The laboratory  pasteurized count  which is usually conducted when  the standard plate count  

is  high  should be  below 100 to 200 cfu/ml and a laboratory pasteurized count  below 10 

cfu/ml indicates  excellent  equipment hygiene A coliform count between  10
2
 and 10

3
 usually  

indicates  poor  milking  hygiene  and a  coliform  count > 10
3
 suggests  that bacterial  growth  

is occurring  on milk handling  equipment. The coliform count should be less than 10 cfu/ml  

(Reinemann, et al., 1999).   
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In this study   the aerobic plate count and coliform tests conducted for pasteurized milk were 

found as 2.122x10
6
 cfu/ml and 3.063x10

5
 cfu/ml respectively which is higher than the 

recommended value by  (ISO,2000) standard which   are 3x 10
4
cfu/ml and 10 cfu/ml  for APC 

and  coliforms respectively ( Saskatchewan,1997) . This may be due to milk contamination at 

different levels while milk was passing through different stages of production. This could be 

attributed to insufficient pre-milking udder preparation, poor hand washing practice of milker, 

poor hygiene of milking utensil and use of poor quality and non-boiled water for cleaning of 

udder. 

 

   This result is also higher than similar tests conducted by Aleghne (2004) which was 

2.84x10
4
 cfu/ml and 1.92x10

2
 cfu/ml for APC and coliforms respectively.  

 

   Pasteurization   has the advantage of reducing the transmission of disease producing bacteria, 

decreasing infant mortality, and improving the keeping quality of milk (Clarence, 

1990).Pasteurized milk presents little  health  hazard. Nevertheless, several food-borne disease 

out breaks have been  linked to pasteurized milk  and traced  to inadequate  pasteurization, post 

pasteurization contamination or storage temperature abuse (ICMSF,1998). The increasing 

number of outbreaks associated to dairy products has highlighted the importance of 

microbiological control in the dairy industry (Vasavada et al., 1993). 

 

Microorganisms could survive pasteurization temperature if there is high level of 

contamination of raw  milk and therefore keeping  such  pasteurized  milk at  room temperature  

for several hours in retail shops or households may lead to early spoilage of milk( Ashenafi  

and Beyene,2004). 

 

Microbial spoilage of pasteurized milk is also of concern, since milk supports abundant growth 

of microorganisms, leading to development of off-flavors, coagulation and ropiness. The  time  

required  for flavor  changes  to occur  depends  on the initial numbers and  types of  
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microorganisms present, the pasteurization conditions and  the  storage  temperature. Post 

pasteurization recontamination is also a factor of concern (ICMSF,1998). 

 

     Since  food  borne diseases represent  one  of  the  most  widespread and  overwhelming 

public health  problems of the modern  world, bacteriological  analysis of milk should  be made  

frequently  on  all ingredients  and  daily on  the  mix and  frozen  products ( FAO/WHO,1970 

and WHO,2000 ). 

 

    In most countries where the risk of contamination during milking, transporting and storage is 

low, the APC of raw milk is low. It was indicated that the APC in milk of developing countries 

falls between 2x10
5
 to 7.5x10

5
 cfu/ml (Gebrhadt and Nicholes, 1975). The mean result of this 

current study resulted in 7.78 x10
6
cfu/ml which is also found beyond this developing country’s 

range. 

 

      A standard plate count of 1x10
5
 Cfu/ml has been widely adopted for good quality raw milk 

intended for treatment before liquid consumption. However, some other countries have 

adopted   different standards suited to local conditions  based on the level of their technology. 

(Ombui et al., 1995). 

 

      The standard plate count for pasteurized milk should be less than 3x10
4 

Cfu/ml 

(Saskatchewan, 1997). In this study the mean APC for raw milk was detected as 7.78 x 10
6  

cfu/ml and the mean APC for pasteurized milk was 2.122 x10
6
 cfu/ml(Table 2). 

 

       Pasteurized milk in this study had also APC ranging from 3.6x10
3
cfu/ml to5.2x10

5
 cfu/ml 

which is slight lower when compared to Alehegne, 2004 which was 2.65x10
3
 to7.2x10

5
cfu/ml.     

 

      Staphylococcal organisms were detected only in sample from plant 2 (that is sample B2 and 

the others are found less than 10cfu/ml (which is zero) Table 3. 

 

And the  mean coliform test was also resulted in  above the  recommended values of   less than 

10 cfu/ml organisms by APHA and European community member states in  most raw milks 
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and almost 0 in pasteurized milks except in pasteurized milk from plant A which was taken by 

dipping the pasteurized  milk  from the pasteurizer. (Table 4) .Even though the result is lower 

than the result of the coliform test by Alehegne, 2004 which was 1.26x10
7  

 cfu/ml. 

 

Salmonella  and  Shigella  species  were  not isolated per 25 ml  of both raw  and pasteurized 

milk  from  all  samples taken. 

 

Mycobacterium bovis   and  Mycobacterium tuberculosis were not isolated both in the raw milk  

and pasteurized milk samples from all plants. 

 

   Generally  the results obtained in this  study when compared  to  recommended  standards is 

high for APC, Coliforms ,and Fecal Coliforms  both in raw milk  and  pasteurized  milk. 

 

        Micro-organisms have many opportunities to enter milk before it is consumed. Hand 

washing, as opposed  to  mechanical  milking, allows  organisms from  the body  of  the  cow 

to enter  the  milk. These include E.coli, which gives milk a fecal flavor, and Acinetobacter 

johnsoni, which   is especially  abundant  during  rainy season and  causes a viscous  slime  to  

form  in  milk(Black ,1996). 

 

Raw milk is illegal in many countries as it can be contaminated with potentially harmful 

microbes. Contamination can also spoil the milk, making its taste bitter and turn thick and 

sticky (Hantsis, 2008). 

 

   The new standard sets a maximum of coliform bacteria at no more than 10 bacteria per 

milliliter in milk sold raw to the consumer, the same limit required for pasteurized milk. This 

level  is consistent  with both  national  and international  public health  and food safety 

requirements as reflected in standards set for  pasteurized dairy  products  by the USFDA, the 

USDA, the Canadian  food inspection service, and EEC( Teresa  ,2003 ). 

 

The recommended aerobic bacterial plate count in pasteurized milk is less than 10
3 

organisms 

per milliliter. Practically all raw milk can show the presence of the coliform group of 
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organisms, usually less than 10
2
 organisms per milliliter in high quality milk. In this study all 

raw milk samples  taken  showed more  than 10
2
 organisms/ml, which  suggests  poor 

equipment  and  milk  handling sanitation  and possible udder infection( Salvato,1992 ) .   

 

         In the properly pasteurized milk the number of coliform organisms should not be greater 

than 3-5 organisms/ml (FMOH, 1997). In this study the mean coliform for pasteurized milk is 

1.4 x10
5 

 cfu/ml.  

 

    Natural raw milk contains several enzymes as its normal constituents. Phosphatase enzyme 

is one of the important enzymes to determine the milk’s sanitary aspect. Phosphatase is more 

heat resistant than most pathogenic bacteria, including Mycobacterium tuberculosis. However, 

phosphatase is completely inactivated exactly at the pasteurization processes. Consequently it 

is commonly used to detect the efficiency of milk pasteurization. The phosphatase test is a 

highly accurate and reliable test. It can detect a very slight difference of under heating, or 

holding time or the addition of a few drops of raw milk to the pasteurized milk(Gebra-Emanuel 

Teka,1997). 

 

A positive test  for coliform organisms in pasteurized milk greater than 10 organisms/ml is an  

indication of  improper  processing  or excessive  contamination  following  pasteurization  by 

improperly  cleaned  and disinfected equipment, utensils, or dipping  of condensate  into  

pasteurized milk (Salvato, 1992). 
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6. CONCLUSION   AND RECOMMENDATIONS 

 

       In this study it was observed that all plants were detected with high count of colony 

forming  unit in APC, Coliform, Fecal Coliforms and E.coli  in  raw  milk and pasteurized milk 

was also found with little declining of colony forming  unit per milliliter  except   destruction  

of E. coli  in Plants A, C and D  and Fecal coliforms  in plants C  and D . 

 

       Plant D was within the permissible level for coliform test in the pasteurized milk samples 

that is less than 10 cfu/ml, but plants C, B, D and E were found above the recommended value 

(0 cfu/ml) for the E.coli test. 

 

 This study in short indicated that some plants produced and sold milk that is above the 

minimum standards to be met by Ministry of Health  of Ethiopia and APHA. 

 

Recommendations  

 

Further research must be conducted on the milking procedure, milking equipment and 

temporary   storage of milk  to decrease  early contamination.  

 

Regular inspection of milk hygiene must be conducted by Ministry of Health and respective   

Regional Bureaus for corrective action. 

 

   Detailed study of microbiological safety of milk in Ethiopia is recommended to be carried out 

on large scale. 
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ANNEX-I   Requirement for Pasteurization plant (Ethiopian Standard Authority ) 

1.1 Requirements in milk production 

1.1.1Cattle shed or barn 

a) Cattle shall not be kept under the same roof with human and shall then be housed in 

appropriate sheds or  barns. 

b) The shed or barn shall be designed to provide comfort and sanitary conditions to the 

animals. 

c) The planning and lay out shall provide adequate facilities for drainage and waste 

disposals. 

d) The area shall be protected from rodents, pests, flies and other agents of infestation. 

e) There shall be Safe and potable water and the facilities for providing this to the 

animals. 

f) The sheds and barns shall be well ventilated and adequately lighted. 

g) There  shall be drinking, feeding and resting areas in the  barns and sheds 

1.1.2 Cattle health 

a) Keeping the cattle healthy is the starting point for producing hygienic milk. There shall    

be a health program which takes care of vaccinations for the common contagious diseases,     

regular cleaning of the animals and disinfection of premises. 

        b) Animals suffering from contagious diseases including mastitis shall be segregated from 

healthy ones. 

1.1.3 Milking practices 

     a) It is preferable to milk cows at a separate place other than their resting shed or barn. 

     b) The milking area shall be clean and free from dust 

    c) Milk bearing utensils shall be cleaned and disinfected before use 

 d) The milkers shall be healthy and free from   contagious diseases and shall wear clean                   

clothes. 

    e) Milkers shall have clean and decent habits. They shall not smoke or shall not eat or 

clean their noses during milking. 

    f) Milkers shall wash their hands with soap and clean water and dry them with clean towels. 

    g) Long hairs on cows, flanks, hind legs, tail and udder shall be clipped at frequent intervals. 
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h) Before each milking the udder and teats of the animals shall be washed and cleaned by clean 

water and dried with clean cloth towel. 

i) Foremilk shall not be allowed to be mixed with normal milk. 

j) Abnormal milk shall not be allowed  to be mixed with normal milk. 

             

              1.1. 4 Pasteurization and packaging areas 

             a)There shall be a separate  room from that used to wash  milk cans and crates, and for their storage   

prior to washing  clean milk cans, crates and single service containers sufficient for immediate needs 

may be held in this area prior to filling. 

                  b) A wash hand basin  complete with suitable drainage, hot and cold water, soap and towel shall be 

provided in the pasteurization  and packaging area. 

                 1.1.5 Cleaning and storage area 

              a)The cleaning area shall be sited so as not to give rise to risk of contamination of milk 

containers and  crates. 

             b)The  storage  for dirty  milk cans and crates shall be adjacent to the cleaning  areas. 

           c)Pasteurized   milk shall be kept in cans, single service and other containers in a separate  

refrigerated store which will keep the  temperature of the milk  at 5 ºc or below. 

                d)The refrigerated  store  shall be so constructed  and sited  as not to give rise to risk of                    

contamination of the milk 

                e) There shall be adequate dry and clean space for storage of single service and other milk   

containers. 

                       f)All clean  milk cans and containers  shall be stored in a clean place  and shall be protected  

from      dirt and contamination. 

                         1.1.6 Pasteurization of milk 

                         1.1.6.1 Holder (batch) pasteurization 

                     The holder or batch pasteurization process consists of heating milk to 63 ºc and retaining it at this    

temperature for at least 30minutes. 

                       This process shall use a vessel of stainless steel with an insulated outer jacket through which 

the    necessary heating and cooling media can flow. The vessel shall be fitted with an 

agitator which rotates    continuously during pasteurization to give rapid and uniform heating 

of the milk. To avoid butter fat    damage , slow speed large diameter  paddles  shall be  used. 
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                         A temperature control device that automatically regulates  the heating of the milk  shall be     

required.     The device shall be in a state  of consistent and safe operation. 

                          1.1.6.2.Operation sequence      

               The milk is heated by hot  water in the jacket in the disinfected  pasteurizer vessel. The milk is     

through but  slowly  by the agitator during heating. The temperature  of the milk is held between 

62.8 ºc    and  65.6 ºc  for a minimum of 30 minutes. The milk is then cooled  immediately  to a 

temperature  not higher than 5 ºc. 

               1.1.6.3 HTST(Continuous) pasteurization 

               In  this process  the heating  and cooling of  milk are carried out continuously in stainless 

steel   plate    heat exchangers. 

           1.1.6.3.1 Parts of HTST system 

                  a) Plate heat exchanger 

               a)The plate heat exchanger shall be resistant to corrosive  effects of coolants and chemical   

disinfecting  agents. 

               b)The plate  heat exchanger shall  suits  the daily  processing requirements comprise    

generative   heating and cooling sections of a capacity that.  

                      b) Balance tank 

           The HTST system shall have a balance tank fitted with a float  operated valve. The  tank 

provides a constant head of milk to feed the milk pump and receives any milk rejected during 

diversion. It can  also be  used as the header  tank  for the circulation of solutions  during 

cleaning in place. The  valve provides  shut-off  against  the milk supply. 

                      c)Milk pump 

                   Stainless steel centrifugal  milk pump milk, cleaning liquids, disinfecting hot water ,or 

lime water shall be required through  the system. 

                   d)Flow control  

               A flow  control  unit  that regulates, the flow of milk to the plate heat exchanger  shall 

be fitted to the system. 

      e) Boiler 

        There shall be a hot water supply and pump that circulates water through the plate 

exchanger  to raise  the  milk to pasteurization  temperature.   
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ANNEX- II  Procedures for  Sampling  from  a tap or pump out let of milk machine 

 

A. Cleaning the tap 

        Clean the tap  for any attachments   that may cause splashing. Using a clean                                                                                             

cloth, wipe the outlet to remove any dirt. 

 

B. Open  the tap 

 

Turn on the tap at a maximum   flow   rate and let   the water run for 1-2  minutes. 

 

C. Sterilize  the  tap 

 

Sterilize  the tap  for a minute  with  the  flame  from  a  gas burner, or  an ignited  alcohol  

soaked  cotton-  wool  swab 

 

D. Open  the tap  before  Sampling 

 

 

E. Open the sterilized Bottle 

 

F.  Fill the bottle 

 

G. Stopper  or cap the bottle 
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ANNEX III.  Culturing   Procedure  

 
Culturing of milk Sample 

 

1. Concentration of milk Sample 

 

 

I. Transfer the milk in to centrifuge tube, 

II. Centrifuge the milk at 3000 rpm for 10 minutes, 

III. Decant the supernatant 

  

2. Decontamination 

I. Add equal volume of 4% NaOH to centrifuge, 

 

II. Mix well for   about 10 minutes, 

III.  Centrifuge  the mixed  milk  at  3000rpm  at  4ºc  for  15 minutes, 

       IV.Decant the supernatant, and mix the sediment 

 

3. Neutralization 

I. Add a  drop  of  phenol  red  indicator   to  well  mixed   sediment  and  mix  well  until  

it  become  red, 

II. Neutralize  the  sediment   by  2N   HCl   drop  by  drop  until  the  color  changed   from  

purple   to  yellow, 

4. Inoculation 

I. Add  one  to  three  drop  of  neutralized   sediment  of  the  milk  in to  two  LJ media   

(one  labeled  with  P  and  other   with  G) 

5. Incubation 

I. Incubate at 37 ºc with   10% CO2     air   at slant   position   for  one  week . 

II. Then   put up-right   position   for 8 week at the  same   temperature  and  air   condition  

until   complete   growth   is  observed. 

III. Monitor    every week   for   growth.                                                                                             
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ANNEX IV    Preparation of Lowenstein-Jensen ( LJ) medium technique 

 

        LJ medium is most widely used for tuberculosis culture. LJ medium containing  glycerol  

favours  the growth of  M. tuberculosis  while LJ medium  without  glycerol but containing 

pyruvate  encourages  the growth of M. bovis.Both  should be used in regions where  patients 

may be infected  with either organism. 

Ingredients (include  mineral salt solution, malachite green solution and  homogenized egg) 

i)   Mineral Salt Solution 

� Potassium dihydrogen phosphate anhydrous……..2.4g 

� Magnesium Sulphate……………………………..0.2g 

� Magnesium Citrate………………………………..0.6g 

� Asparagines………………………………………..3.6g 

� Glycerol ( M. tuberculosis)………………………..12ml 

� Pyruvate (M. bovis)…………………………………10g 

� Distilled water……………………………………….600ml 

Dissolved  the  ingredients in distilled water  by  heat ion. Autoclave at 121ºC for 30 minutes 

to sterilize. Cool to room temperature. This solution keeps  indefinitely   and  may be stored in 

suitable  amounts in the refrigerator. 

                  ii. Malachite Green Solution 

Malachite green dye………………………………………2g 

Sterile distilled   water……………………………………98ml  

 

Using  aseptic  techniques dissolve the dye in  sterile distilled water by placing the solution in 

the incubator  for 1-2 hours. This solution will not be stored indefinitely and may precipitate or 

change to a less deeply colored solution. In either case discard and prepare a fresh solution. 
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iii)  Homogenized Whole eggs 

Fresh  hens eggs, not more than seven days old, are cleaned by scrubbing thoroughly with a 

hand brush in warm water and a plain alkaline soap. Let the  egg soak for  30minutes in the  

soap solution. 

Rinse eggs thoroughly bin running water and  soak them in 70% ethanol for 15minutes. Before 

handling  the clean dry  eggs scrub the hands and  wash them. Crack  the eggs with sterile  

knife into sterile flask and  beat them with a sterile whisk or a sterile blender. 

iv )  Preparation of complete medium 

The  following ingredients are aseptically pooled in a large, sterile flask and mixed well: 

 

                Mineral  salt  solution…………………………..600ml 

                Malachite green solution…………………………20ml 

                 Homogenized eggs ( 20-25 )…………………….1000ml 

The complete egg medium is distributed in 6-8 ml volumes in sterile 14ml or 28ml McCartney 

bottles or in 20ml in 20x150 screw  capped  test tubes ,and the  tops are securely  fastened. 

 

v)Coagulation medium 

Before loading, heat the inspirator  80ºC to quicken  the build-up of the temperature. Place the 

bottles in a slant position in the inspissator and coagulate the medium for 45minutes at  80-

85ºC.Heating  for a second or  third time has a detrimental effect  on the quality of the medium. 

Discoloration of the coagulated medium may be due to excessive temperature. The appearance 

of little holes or bubbles on the surface of the medium also indicates faulty coagulation 

procedures. 

vi) Sterility Check 

After inspissations   the whole media batch or a representative sample of culture bottles should 

be incubated at35-37ºC for 24hours as a check for sterility. 
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vii)  Storage 

The LJ medium should be dated and stored in the refrigerator  at 4 ° C and can keep for  

several weeks if the caps are tightly closed to prevent drying out  of the medium. For optimal 

isolation  of specimens ,LJ medium  should not be older than 4 weeks . 

 

viii)Biochemical Test  

Materials: 

Primary  culture of Mycobacterium 

Reagents for niacin test 

Reagents for nitrate test 

Facilities for sub culturing  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

30 

 

 

 

Table 6. Efficiency of the pasteurization plant  in  reducing  microbial load in milk 

samples (Pasteurized versus raw milk) 

Microbial 

groups 

  Factories  and  their efficiency in percentage 

Plant  A Plant B Plant C 

Raw milk Pasteurized 

milk 

Efficiency 

in % 

Raw 

milk 

Pasteurized 

milk 

Efficiency 

    in % 

Raw 

milk 

Pasteurized     

milk 

Efficiency 

in % 

APC 6.24 5.05 19.07 5.84 5.18 11.3 5.04 4.31 14.48 

E.Coli 5.73 0 100 4.63 2.52 45.57 5.22 0 100 

Coliform 6.16 1.9 69.15 5.27 4.84 8.15 6.04 1.6 73.5 

F. Coliform 5.82 2.35 59.62 4.57 4.3 15.01 5.28 0 100 

S .aures 0 0 - 5.02 2 60.15 0 0 - 

 

Note:  - Symbol for  samples not taken 

 

 

Plants  A  and  C were most  efficient in reduction of  E.coli   from the samples taken.  And 

plant  C was also efficient again in terms of  Fecal coliform  removal.But  plant A was  less  

efficient  in   decreasing APC. Plant B was  less  efficient  except  in staphylococcal aures  

reduction. Here plants D and E were  not included  to compare  their  efficiency  due to  lack of  

obtaining  raw  milk  samples  from the plants( Table 6). 
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Appendix-I SPSS Result of different tests 
 

 

PlantName 
Values in cfu/ml 

PasApc1 PasApc2 PasApc3 Mean 
Standard 

Error 

A 300,000 38,400 3,600 114000 93541.01 
B 280,000 140,000 39,000 153000 69873.7 
C 140,000 0 0 46666.7 46666.7 
D 520,000 224,000 372,000 372000 85447.84 
E 520,000 224,000 230,000 324666.7 97682.02 

Total Mean 352,000 125,280 128,920     
Total Standard Error 73,919 46,342 74,066     

 

 

             Note:-PasApc(pasteurized Aerobic Plate Count) 
 

 

 

PlantName 
Values in cfu/ml 

PasEcol1 PasEcol2 PasEcol3 Mean 
Standard 

Error 

A 176,000 0 0 58.66 58.66 
B 0 0 0 0 0 
C 0 0 0 0 0 
D 0 0 0 0 0 
E 44,000 22,000 0 22000 12701.71 

Total Mean 11,044 5,500 0     
Total Standard Error 10,985 5,500 0     

 

 

 

Note:-PasEcol(pasteurized Ecoli) 
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PlantName 

Values in cfu/ml 

PasFec1 PasFec2 PasFec3 Mean 
Standard 

Error 

A 680 0 0 226.67 226.67 
B 60,000 1,000 300 20433.33 19784.37 
C 0 0 0 0 0 
D 0 0 0 0 0 
E 1,500 44,000 22,500 22666.67 12268.98 

Total Mean 15,545 11,250 5,700     
Total Standard Error 14,822 10,919 5,600     

 

Note:-PasFec(pasteurized Fecal coliform) 
 
 
 
 

 

PlantName 

Values in cfu/ml 

PasSta1 PasSta2 PasSta3 Mean 
Standard 

Error 

A 0 0 0 0 0 
B 300 0 0 100 100 
C 0 0 0 0 0 
D 0 0 0 0 0 
E 24,000 28,000 20,000 24000 2309.4 

Total Mean 6,075 7,000 5,000     
Total Standard Error 5,975 7,000 5,000     

 

                            
 
                              Note:-PasSta(pasteurized Staphylococal) 
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  Note:-Raw Ecol(Raw Ecoli) 

 

 

 

 

 

 

 

Note:-Raw Apc(Raw Aerobic Plate Count) 
 

 

PlantName 

Values in cfu/ml 

RawFec1 RawFec2 RawFec3 Mean 
Standard 

Error 

A 2,000,000 0 0 666666.7 666666.7 
B 80,000 26,000 6,000 37333.33 22100.78 
C 480,000 65,000 34,000 193000 143778.8 

Total Mean 853,333 30,333 133,333     
Total Standard Error 584,846 18,889 10,477     

 

 

 

  Note:-Raw Fec(Raw Fecal Coliform) 
 

PlantName 

Values in cfu/ml 

RawEcol1 RawEcol2 RawEcol3 Mean 
Standard 

Error 

A 1,600,000 10,000 0 536666.7 531674.5 
B 96,000 26,000 8,000 43333.33 26841.1 
C 480,000 8,000 10,000 166000 157001.1 

Total Mean 725,333 14,667 6,000     
Total Standard Error 451,163 5,696 3,055     

PlantName 

Values in cfu/ml 

RawApc1 RawApc2 RawApc3 Mean 
Standard 

Error 

A 700,000 4,600,000 1,200 1767067 1430759 
B 450,000 1,400,000 250,000 700000 354729.9 
C 1,200,000 2,000,000 115,000 505000 348365.2 

Total Mean 783,333 2,666,667 122,067     
Total Standard Error 220,479 982,061 71,909     
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Note:-RawSta (Raw Staphylococal) 
 

 

 

 

 

 

 

 

   Note:-Raw Apc(Raw Aerobic Plate Count) 
 

 

 

 

 

 

 

 

PlantName 

Values in cfu/ml 

RawSta1 RawSta2 RawSta3 Mean 
Standard 

Error 

A 0 0 0 0 0 
B 4,900,000 0 0 1633333.3 1633333.3 
C 0 0 0 0 0 

Total Mean 1,633,333 0 0     
Total Standard Error 1,633,333 0 0     

PlantName 

Values in cfu/ml 

RawApc1 RawApc2 RawApc3 Mean 
Standard 

Error 

A 700,000 4,600,000 1,200 1767067 1430759 
B 450,000 1,400,000 250,000 700000 354729.9 
C 1,200,000 2,000,000 115,000 505000 348365.2 

Total Mean 783,333 2,666,667 122,067     
Total Standard Error 220,479 982,061 71,909     
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