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Abstract

This study was conducted to assess the bacterial contamination of drinking
water in dairy farms in Khartoum North, based on bacterial isolation and
identification and viable count. A total of 33 farms were randomly selected.
Three samples were taken from each farm, one from the main source of
water (network or well), the second from the surface of water in drinking
trough and the third from the wall of water trough. In addition, five samples
were taken from storage places of water (found in only five farms), making
the total number of samples 104. All samples were cultured on Blood Agar
and MacConkey’s Agar for bacterial isolation and on Nutrient Agar for
viable counts. A total of 188 isolates were obtained, 57% of them were
Gram-positive bacteria. The isolates were identified according to their
microscopic, cultural and biochemical properties to 19 bacterial species. The
species and their isolation percentages related to number of samples were
Corynebacterium renale (29.8%), Aeromonas salmonicida (17.3%),
Micrococcus luteus (16.3%), Klebsiella pneumoniae spp. aerogenes
(14.4%), Aeromonas spp. (13.5%), Bacillus mycoides (12.5%) Escherichia
coli  (11.5%), Corynebacterium  pseudodiphtheriticum  (10.6%),
Staphylococcus epidermidis (8.7%), Moraxella urethralis (8.7%), Nocardia
asteroides (6.7%), Corynebacterium diphtheriae (5.8%), Proteus spp.
(5.8%), Bacillus sphaericus (5.8%), Staphylococcus warneri (4.8%),
Aeromonas sobria (2.9%), Kingella kingae (2.9%), Micrococcus lylae (
1.9%) and Klebsiella oxytoca (1.0%). Water samples from troughs were the
most contaminated by all bacterial species except Klebsiella oxytoca,
followed by the samples from walls of water troughs and the Ieast

contaminated was the main source of water. Aeromonas salmonicida,

Xl



Bacillus mycoides, Bacillus sphaericus and Micrococcus luteus were found
in all water sources, whereas Micrococcus lylae and Kingella kingae were
found only in water of troughs and Klebsiella oxytoca (one isolate) was
found in a wall of a trough. The results of the viable count showed
considerable variation among sources of water. The mean viable count was
4x10°, 4.4x10°, 1x10° and 5.2x10° cfu /ml for the main source, storage

places, surfaces of water in troughs and wall of troughs, respectively.

In conclusion, many bacterial species and high viable counts were found in
drinking water of dairy cattle in Khartoum North, some of them are water-
borne pathogens this finding points to poor hygienic measures which

constitute hazards to dairy production and public health.
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Introduction

Water is considered as one of the most vital resources. It is the most
important nutrient for dairy cattle. Dairy cattle need free access to a clean,
quality source of water for optimal production (Wright, 2007). Bovine milk
and dairy products have long traditions in human nutrition. Bovine milk
contains the nutrients needed for growth and development of the calf, and is
a resource of lipids, proteins, amino acids, vitamins and minerals. It contains
immunoglobulins, hormones, growth factors, cytokines, nucleotides,
peptides, polyamines, enzymes and other bioactive peptides (Keenan and

Patton, 1995).

Good quality water is odorless, colorless, tasteless, and free from faecal
pollution and chemicals in harmful amounts. The acceptable quality water is
defined as that which is suitable for all usually domestic purposes, including
personal hygiene (WHO, 2006). It has estimated that up to 80% of all human
sicknesses and diseases in the world are caused by inadequate sanitation,
polluted water, or unavailability of water. Water is said to be
bacteriologically contaminated or polluted either due to presence of certain
pathogens or due to high increase of viable count or due to presence of what

is called indicator bacteria at certain levels (Theroux and Leroy, 1943).

Source of livestock and human drinking water must frequently be examined
for evidence of pollution. Unhygienic water supplies contribute to many

animal and human hazards (Lewis, 1985).

According to Mahgoub (1984), Salmonella, Shigella, Pasteurella, Yersinia,
Lep-tospira, Compylobacter, Mycobacterium, Pseudomonas, Vibrio, and
enteropathogenic E. coli, are the important bacteria that can be transmitted
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by water to both animals and humans. Animal diseases, which affect
alimentary tract and transmitted through oral route such as cattle plaque,
mucosal disease, salmonellosis and paratuberculosis, can be transmitted via
faecaly-polluted water (Brendan, 1975). Nile and shallow wells have been
found to be polluted with faeces (Abd Mageid et al., 1984).

Many of works that has been done in Sudan for drinking water were oriented
towards water consumed by humans only, unless humans and animals shared
this water. As a matter of fact most water in the rural areas in Sudan is
consumed by both humans and animals. Research on water contaminants

and their effects on dairy cattle performance is scarce.
Objectives

1. To isolate and identify the aerobic bacteria found in the drinking water
of dairy cattle.

2. To determine the bacterial viable counts of water samples from
different sources in the dairy farms.

3. To compare between bacterial types and loads of water samples

according to source.



Chapter One
Literature Review

1.1 Water for dairy cattle

1.1.1 Water definition

The free online Dictionary defines water as: a clear, colorless, odorless, and
tasteless liquid. Water is the most important nutrient in animal feeding and
animal health. It is the most abundant ingredient of the animal body in all
phases of growth and development. A calf's body contains 75 to 80% water
at birth and about 55 to 65% water at maturity. Of all farm animals, lactating
dairy cows require the greatest amount of water in proportion to their size
and because water constitutes 86 to 88% of the milk they yield (Bray et al.,
1990).

1.1.2 Water intake

Dairy cattle get the water they need by drinking and consuming feed that
contains water, as well as from metabolic water produced by the oxidation of
organic nutrients. The water consumption of dairy animals is influenced by
many factors including breed, body size, ambient environment, water
temperature, humidity, feed supply, salt, and level of production. An average
dairy cow drinks about 25 gallons of water a day, but it will drink less if
water quality is poor and that will limit its milk production and jeopardize its
health (FAO, 2000). There is a link between bad quality drinking water and
ill health. Many diseases and disorders in man and animals are attributed to

poor quality water (White and Godfree, 1985). Generally, cattle consume 2



to 4 1bs of water for each pound of dry matter consumed and an additional 3
to 5 Ibs of water per pound of milk produced. Rations high in salt or protein
increase water intake. Milk production and feed intake decline when water
intake is not adequate. At environmental temperatures above 70 degrees
Fahrenheit, the animal's respiration rate begins to increase, and increasing
amounts of water are lost from the lungs and from sweating. Increased losses
of water signal the animal to consume more water to replace the losses
(Murphy et al., 1983). Water loss from the body occurs via urine, feces, and
milk; through sweating; and by evaporation from body surfaces and the
respiratory tract. The amount of water lost from a cow’s body is influenced
by the animal’s activity, air temperature, humidity, respiratory rate, water
intake, feed consumption, milk production and other factors. Water intake
usually refers to free-drinking water plus that available in the feed (Davis et

al., 1983).
1.1.3 Water type

For purposes of simplicity, scientists classified water into two major types,
ground water and surface water. Ground water originates from deep wells
and because of filtering action of soil, deep sand and rocks, it’s virtually free
of microorganisms. As water flows up along channels, contaminants may
enter it and alter its quality (Alcano, 1997). Surface water is found in lakes,
streams, and shallow wells. Generally surface water contains more microbes
than ground water and rain water since the majority of soil microorganisms
are found in upper crust (6 inches) of the earth. Water under natural
conditions contains different microbes. The numbers and kinds of microbes

present depend on the source of water, the contamination by excreta from



humans, animals and addition of other contaminated materials (Smith,

1981).
1.1.4 The need for water

The use of water by man, animals and plants is universal. Water is usually
demanded for drinking, irrigation for agriculture, industry and trade.
Different quality criteria are set for water according to purpose (Hosny,
1981). Dairy cows and milking facilities require a reliable high quality water
supply. These dairy facilities require a water supply that can deliver high
quality water to the cows at all times in sufficient amounts to meet both
physiological and sanitation needs of the facility. Water is necessary for
maintaining body fluids and proper ion balance; digesting, absorbing, and
metabolizing nutrients; eliminating waste material and excess heat from the
body; providing a fluid environment for the fetus; and transporting nutrients

to and from body tissues (Linn,1991).

1.1.5 Quality of drinking water and its effect on performance of dairy

cattle

Water quality is an important issue in dairy cattle production and health and
it is important for maximum performance of dairy cattle. Water represents a
vital part of the nutrient intake of livestock. In quantity, it is greater than
feed intake. The temperature of the water affects water consumption and
performance (Milam et al., 1986). Water troughs should be located in areas
where cows have easy access. Keeping the troughs clean, so that the cows
will be more aggressing drinking the water, is a recommended practice.

Contamination of the water supply from drainage and the presence of



nitrates, pesticides, algae and certain parasites such as tapeworms and liver
flukes add additional stress to cows. Also, water palatability and odor as
well as high levels of minerals such as iron and sulfur reduce consumption
(Linn et al., 1987). The five properties most often considered in assessing
water quality for both humans and livestock are organoleptic properties
(odor and taste), physiochemical properties (pH, total dissolved solids, total
dissolved oxygen and hardness), along with the presence of toxic
compounds (heavy metals, toxic minerals, organophosphates and
hydrocarbons), excess minerals or compounds (nitrates, sodium sulfates and

iron) and bacteria and algae.

In general terms, the greatest microbial risks are those associated with
ingestion of water that is contaminated with human or animal feces. Feces
can be a source of pathogenic bacteria, viruses, protozoa and helminthes.
Microbial water quality often varies rapidly and over wide range. Short-term
peaks in pathogen concentration may increase disease risks considerably and

may trigger outbreaks of water-borne disease (WHO, 2006).

Bacterial contamination of water is measured in a laboratory using
microbiological techniques to permit any bacteria present in a water sample
to grow. Results are then counted and reported as bacterial counts per 100
ml of water. A coliform count over 1/100 ml can cause scours in calves. In
adult cows, a count of 15-20/100 ml can cause diarrhea and cows may go
off-feed. Positive results for fecal coliform (more than 0 counts/100 ml)
indicate a pollution problem that should be investigated and corrected
(Wright, 2007). The most acceptable definition of water pollution is the

presence of any substance (organic, inorganic, biological, thermal or



radiological) in water at intensity levels which tend to impair, degrade or

adversely affect its quality or usefulness for specific purposes (FAO, 1997).

1.2 Bacterial contamination of drinking water

The term contamination is defined as the presence of bacteria in water from
intestinal tract of warm-blooded animals including man. The presence of
such bacteria means the water may carry disease germs. The fact that water
looks clear and sparkling is not assurance of its purity. Disease germs are

invisible to the unaided eye (Forrest, 1956).

A previous study in the Sudan has clearly demonstrated close association of
biological contamination of drinking water with higher prevalence of
diarrheal diseases and certain enteric pathogens (Elshazali and Erwa, 1971).
Bacterial contamination is usually measured by the fecal coliform levels in
the water. Fecal coliform is an indicator organism; it is easily measured and
can signal the presence of other harmful bacteria in water. This sort of
bacterial contamination can occur as a result of improper water treatment or

poor water storage.

Major type of bacteria in contaminated water is coliform bacteria, a group of
Gram-negative bacteria, non-sporing bacilli which inhabit human and animal
intestines. They usually ferment lactose to acid and gas. The most important
species of this group are E. coli, Klebsiella spp. and Enterobacter spp. Non-
coliform bacteria are also common in contaminated water and include
Streptococcus spp., Proteus spp. and Pseudomonas spp. (Alcano, 1997). The
presence of any member of organisms from coliform group in treated
potable water is not acceptable regardless of their source, and that their

presence in potable water indicates in proper practices (Kabler et al., 1960).
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Contamination of drinking water may introduce a variety of intestinal
pathogens: bacterial, viral, and parasitic. Their presence being related to
microbial diseases and carriers present at the moment in the community.
Intestinal bacterial pathogens are widely distributed throughout the world.
Those known to have occurred in contaminated drinking water include
strains of Salmonella, Shigella, enterotoxigenic Escherichia coli, Vibrio
cholerea, Yersinia enterocolitica, and Campylobacter fetus. These
organisms may cause diseases that vary in severity from mild gastro-enteritis
to severe and sometimes fatal dysentery, cholera, or typhoid (Van der,

1992).

Many different studies evaluated the microbiological quality of drinking
water in relation to water sources. Data from Sierra Leon on the water from
surface sources showed that there was often a high level of fecal bacterial
contamination (Wright, 1984). While, Esrey et al. (1985) stated that the
original sources of water may not be unsafe but it becomes contaminated
after distribution and storage by fecal matter in unhygienic and inadequate

sanitary conditions.
1.2.1 Sources of bacterial contamination

Water received fecal pollution from a variety of sources, including human

and animals. The sources of bacterial contamination include:

1. Human and animal wastes which are primary sources of bacteria.
2. Discharge from septic tanks and sewage treatment centers. It was
found that the major feature of safe water supply is the separation of

sewage (human excreta) from drinking water (Duerden et al., 1988).



3. Natural soil/plant bacteria. Bacteria from these sources can enter wells
that open at land surface.
4. Infiltration by flood waters or by surface runoff. Flood waters

commonly contain high levels of bacteria.

1.2.2 Sources of bacterial contamination in dairy cattle water

troughs

The presence of bacteria in natural aquatic ecosystems is dependent upon the
rate of contamination and equilibrium that establishes between bacterial
proliferation in that environment and the rate of elimination. Bacterial
contamination in dairy cattle water troughs may arise from multiple sources.
Water may be contaminated with cud or fecal materials. Extraneous matter
including dust, feed, or bedding may also enter the trough. The bacterial
contamination is higher in troughs that are proximity to the feed bunk that
may have permitted a greater amount of feed to enter the troughs, thus
increasing the level of contamination as well as providing a nutrient-rich

substrate for bacterial growth and survival at the button of the trough

(Ashbolt et al., 1993).

1.2.3 Factors influence the survival rate of bacteria in water

troughs

Competition with and predation by other microorganisms is considered to be
one of the most important factors influencing the elimination of bacteria
from natural aquatic system (Gonzalez et al., 1992; Mallory et al., 1983;
Marino and Gannon, 1991).



Direct sunlight and temperature and competition with other microorganisms
may influence the survival rate of bacteria in water (Barcina, 1995). The
lower E. coli densities in the troughs exposed to direct sunlight was found
consistent with reported deleterious effect of visible light on E. coli survival
in other aquatic systems (Barcina et al., 1989). Bacteria in aquatic system
are more likely to proliferate as water temperature increases, especially
above 15 °C (Lechevallier et al., 1996). Salmonella tended to be isolated

more frequently in the less recently cleaned troughs.
1.3 Bacterial water-borne diseases and agents

Water-borne infectious diseases are those in which the pathogen, or
causative agent, is present in water and ingested when the water is consumed
(Meybeck et al., 1996). Snow (1855) was the first to show a precise relation
of a disease to water in well known studies of cholera. It was observed that
nearly everyone who becomes ill obtained his drinking water from a specific
well into which a cesspool was leaking. Those who became ill either drank
water from the well, or come into contact with faecally contaminated
material, while tending those already sick. Water may contain much kind of
bacteria, both harmless and pathogenic (Meybeck et al., 1996). Some of the
better known water-borne diseases, caused by bacteria, are: cholera,

bacillary dysentery, shigellosis, and typhoid fever.
1.3.1 Escherichia coli

Observational studies have shown an association between the presence of E.
coli in cattle water troughs and the infection status of cattle drinking from
these troughs (Jeffrey et al., 2001). Livestock water troughs contaminated

with E. coli and left without regular cleaning may serve as a reservoir of the
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agent on the farm for extended period of time. E. coli can cause significant
disease problem to cattle, it can be found on most dairies, however; only a
few animals will be shedding the bacteria in their manure at any one time. It
1s most easily found in weaned calves. Adult cattle are the least common
shedders of all cattle types, but market cattle can shed significant amounts in
their feces. On the dairy cattle, E. coli are often found in water troughs and
wet feeds (Jeffrey et al., 2001). It is more commonly found on dairies with
flush alleys, during warmer months and in improperly cured silages. Few
control measures have been tested on dairies. Some measures that might
reduce the amount of E. coli on the dairy are: to frequently clean water

troughs, to chlorinate water troughs and to insure proper silage preparation.
1.3.2 Salmonella spp.

Bacteria of Salmonella spp. can be found in many cattle as well as humans,
birds and reptiles. In cattle, Salmonella causes diarrhea, decreased milk
production, abortions and sometimes death. Some Salmonella spp. such as
Salmonella dublin affect primarily calves while others like Salmonella
typhimurium attack adult animals. Carrier cows, especially during time of
stress like around calving, can spread Salmonella in their manure wherever
they go on the dairy. Typhoid fever disease, caused by Salmonella typhi, is
usually contracted by ingestion of food or water contaminated by human

faeces or urine (Twort et al., 1985).
1.3.3 Corynebacterium spp.

Corynebacterium spp. are commonly found on mucous membranes and skin

of animals and gastrointestinal tract of normal dairy cattle and sheep, soil

11



and manure of the animals can contaminate water troughs (Hirch and Yuan,

1999).
1.3.4 Shigella spp.

Dysentery caused by Shigella spp. infection is occasionally contracted via
water contaminated by human feces, the disease is characterized by severe

bloody diarrhea accompanied by abdominal pain (Cairncross et al., 1980).
1.3.5 Bacillus spp.

Soil is the main source of Bacillus spp. The infection can be transmitted to

animals by ingestion of contaminated water (Hirch and Yuan, 1999).
1.3.6 Aeromonas spp.

These bacteria have been isolated from feces, soil, bedding and drinking
water of healthy cows, and the mode of transmission via fecal-oral route is
possible (Nayduch et al., 2001). They have been associated with diarrheal

diseases in both humans and livestock animals.
1.3.7 Staphylococcus spp.

They are a part of normal bacterial flora of the skin and mucus membranes
of animals. They have been isolated from food, dairy products, soil and
water. Some species are pathogenic, some opportunistic pathogens and many
are harmless for animals (Ryan, 2004). Staphylococcus spp. are the
predominant pathogens in sub-clinical and chronic bovine mastitis (Guidry

etal., 1998).
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1.3.8 Streptococcus spp.

They have been isolated from soil, plants, dust, water and manure (Ryan,

2004).
1.3.9 Proteus spp.

They belong to the family enterobacteriaceae, forming a part of the normal
intestinal flora of animals and it was found in manure, soil and polluted

water (Guentezel, 1996).
1.3.10 Klebsiella spp.

Some species were isolated from sewage, soil, drinking water, dairy
products and feces. Klebsiella pneumoniae has become an important cause

of clinical mastitis in dairy cows (Hogan and Smith, 2003)
1.4 How water transfers bacterial diseases?

The mode of transmission of bacterial pathogens includes ingestion of
contaminated water. The significance of the water means in spread of
intestinal bacterial infections varies considerably, both with the disease and
with the local circumstances. Among the various water-borne pathogens,
there exists a wide range of minimum infectious dose levels necessary to
cause animal infection. With Salmonella typhi, ingestion of relatively few
organisms can cause disease, whereas many millions of cells of other
Salmonella spp. are usually required to cause gastroenteritis. Similarly, with
toxigenic organisms such as enteropathogenic E.coli and Vibrio cholerae,

many organisms may be necessary to cause illness. The size of the infective
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dose also varies in different individuals with age, nutritional status, and

general health at the time of exposure (Van der, 1992).
1.5 Prevention of bacterial water —borne diseases in dairy cattle farms

Water quality control devotes regular sampling and analyzing of water
samples as well as recording of results obtained. However, it also involves
assessing how good method is and how well is operating in practice (WHO,

1984).

Treating water or remove or reduce contaminants can be expensive and may
require significant equipment maintenance. Therefore, before making a
decision to treat, laboratory analysis of the drinking water, must be cost
effective and bring about known health or production benefits for the cattle.
The best treatment option for livestock drinking water depends on the target
contamination. Elimination of disease-causing microorganisms involves
disinfecting the water. The most common chemical disinfectant used in
surface water treatment is chlorine. Bacterial contamination is much more
likely to occur in the drinking vessel, so keeping water troughs clean is a

must (FAO, 2000).
1.5.1 General control measures

1. Complete composting and deep stacking of manure may reduce
bacterial numbers.

Minimize re-cycling of water from lagoon into cattle housing areas.
Avoid re-cycling lagoon water through the sprinkler pens.

Protect water troughs from manure contamination.

o & »W b

Clean and sanitize water troughs often and regularly.
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Chapter Two

Materials and Methods

2.1 The study area

Khartoum North (Bahri) was selected as the study area. The selection was
based on the high number of dairy cattle farms in the area. The dairy farms
were located in six locations; namely, Shambat, Elhalfaia, Elsamrab,

Eldoroshab, Elhag Yosif and Helat Khogaly.
2.2 Samples

Water samples were collected from dairy farms during the period from

March to June 2009.
2.2.1 Size of samples

A total of 33 dairy farms were examined for drinking water contamination.
From each farm, three samples were collected, one from the main source of
water (network or wells), the second from the surface of water in troughs
and the third from the wall of water troughs. In addition, five samples were
taken from the storage place of five farms, making the total numbers of

samples as 104.
2.2.2 Collection method

Sterile glass bottles, 250 ml previously sterilized by autoclaving at 121°C for
15 minutes were used for collection of water samples. Samples were labeled

with farm location, water source and date.
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2.2.2.1 Collection of samples from the main sources of water

The main sources of water were either tap water (network surface water) or

water of wells made inside farms.
2.2.2.1.1 Collection of samples from tap water
Collection was done according to WHO (1996) as follows:

1. The outside nozzle of the tap was cleaned carefully.

2. The tap was turned on full, and the water was allowed to run to waste
for one minute.

3. The sample bottle was then filled from the gentle flow of water

4. Contamination was avoided by not allowing any surface to touch the
bottle mouth or the inside of the cap.

5. The bottle cap was then replaced.

6. The bottle was then labeled.

2.2.2.1.2 Collection of samples from wells

1. The hand pump was operated for 5 minutes.

2. A sample of water was collected by allowing the water from the pump
to flow directly into the sterile bottle, the bottle cap was carefully
replaced and firmly tied.

3. The bottle was then labeled.

2.2.2.2 Collection of samples from storage places

1. The cap was removed and the mouth of bottle was faced up.
2. The bottle was pushed forward horizontally until it was filled; the
bottle cap was carefully replaced and firmly tied.
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3. The bottle was then labeled.
2.2.2.3 Collection of samples from surface of water in troughs

The cap was removed and the bottle was immediately and quickly filled with

surface water, covered and then labeled.
2.2.2.4 Collection of samples from walls of water troughs

1. The cap was removed and the wall of the trough was scratched by the
mouth of bottle; then the bottle cap was carefully replaced and firmly
tied.

2. The bottle was then labeled.

2.2.3 Transportation of samples

All precautions were taken to prevent accidental contamination of the water
during its transportation. Immediately after collection, the glass bottles were
transported to the laboratory and the examination started as soon as possible

after arrival.
2.3 Sterilization
2.3.1 Flaming

It was used to fix smears on glass slides and prevent contamination during

cultivation of different media.
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2.3.2 Hot air oven

This method was used for sterilization of clean glass containers which were
wrapped in paper or put in stainless steel cans, and the temperature was

160°C for one hour (Stainer et al., 1986).
2.3.3 Red heat

The method was used for sterilizing wire loops, straight wires and tissue
forceps. It was done by holding the object over flame as near and vertical as

possible until it became red (Cruickshank et al., 1975).
2.3.4 Autoclaving (Moist heat)

This method was used for sterilizing culture media and for materials that
could not withstand the dry heat. The temperature was 115-121°C under 10-

15 pounds pressure for 15-20 minutes (Barrow and Feltham, 1993).
2.4 Disinfection

Alcohol (70%) was used to disinfect work benches and phenol was used to

disinfect floors.

2.5. Culture media

2.5.1 Solid culture media
2.5.1.1 Nutrient agar (Oxoid)

This medium contained peptone (5g), lab-lemco powder (1g), yeast extract
(2g), sodium chloride (5g) and agar No 3(15g). The medium was prepared

by dissolving 28 grams of the dehydrated medium in one liter distilled water,
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and the pH was adjusted to 7.4 and then sterilized by autoclaving for 15
minutes at 121°C. The medium was allowed to cool to 55°C and poured

aseptically in 15- 20 ml amounts into sterile Petri-dishes.
2.5.1.2 Blood agar (Oxoid)

This is one of the enriched media that was composed of blood agar base and
defibrinated sheep blood. The blood agar base contained proteose peptone
(15g), liver digest (2.5g), yeast extract (5g), sodium chloride (5g) and agar
(12g). It was prepared by dissolving 40 grams of the basal medium in one
liter of distilled water. The mixture was then boiled until the powder
dissolved completely. The solution was autoclaved at 121°C for 15 minutes.
It was then cooled to 45-50°C. 7% of sterile blood was added with gentle
rotation and then the medium was poured into Petri dishes as 15-20 ml

amounts and left to solidify.
2.5.1.3 MacConkey’s agar (Oxoid)

This medium contained peptone (20g), lactose (10g), bile salts (1.5g),
sodium chloride (5g), neutral red (0.03g), crystal violet (0.001g) and agar
No.3 (15g). The medium was prepared by dissolving 52 grams in one liter of
distilled water by heating. The pH was adjusted to 7.4 and then autoclaved at
121°C for 15 minutes. Then it was allowed to cool to 55°C and poured

gently in 15 ml amounts into sterile Petri dishes.
2.5.1.4 Urea agar base

This medium contained peptone (1.0g), dextrose (1.0g), sodium chloride
(5.0g), phenol red (0.012g), di-sodium phosphate (1.2 g), potassium
dihydrogen phosphate (0.8g) and agar (15.0g). The medium was prepared
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according to manufacturer’s instructions by dissolving 2.4g of the
dehydrated powder in 95 ml of distilled water, and then dissolved by boiling.
It was then sterilized by autoclaving at 121°C  for 15 minutes. Then it was
cooled to 50 °C and 5 ml of sterilized 40 % urea solution (Oxoid SR 20)
were added under aseptic condition. The medium was then distributed into
sterile Bijou bottles in 5 ml amounts and allowed to solidify in a slope

position.
2.5.2 Semi-solid media
2.5.2.1 Motility medium

This medium was prepared according to Cruickshank et al,. (1975). New
Zealand agar (0.2% w/v) was dissolved in nutrient broth and distributed in
sterile test tubes containing Craigie tubes, and then the medium was

autoclaved at 121°C for 15 minutes.
2.5.2.2 Hugh and Liefson’s (O/F) medium

Hugh and Liefson’s (O/F) medium contained peptone (2g), NaCl (5g),
KHPO4 (0.3g), agar (3g), distilled water (1000 ml), and bromocrysol purple,
0.2% aqueous solution (15 ml). The solids were dissolved by heating in the
water. The pH was adjusted to 7.1, then the medium was filtered and the
indicator was added. Sterilization was done by autoclaving for 20 minutes at
115°C. Sterile glucose solution was aseptically added to the medium to give
a final concentration of 1%, mixed and distributed aseptically in 10 ml

volumes into sterile test tubes with cotton plugs.

2.5.3 Liquid media
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2.5.3.1 Peptone water

Peptone water was prepared according to Cruickshank et al. (1975). Ten
grams peptone and 5 grams NaCl were dissolved by heating in 1000 ml
distilled water. The pH was adjusted to 7.2 and the medium was distributed
in 5 ml amounts in test tubes and then sterilized by autoclaving at 115°C for

15 minutes. The medium was kept at 4 °C and used for indole test.

2.5.3.2 Nutrient broth

Nutrient broth (Oxoid Lab) contained lab-lemco powder (1g), yeast extract
(2g), peptone (5g) and sodium chloride (5g). An amount of 13g of the
dehydrated medium was added to one liter of distilled water; mixed well and
then the pH was adjusted to 7.4. The medium was distributed in 5 ml
amounts in the test tubes and sterilized by autoclaving at 121°C for 15

minutes.
2.5.3.3 MR-VP medium (Glucose-phosphate medium)

MR-VP medium (Oxoid Lab.) contained peptone (5g), glucose (5g) and
K,HPO, (5g). An amount of 15g of the dehydrated medium was added to
one liter of distilled water and mixed well. Then the pH was adjusted to 7.0
and the medium was distributed in test tubes in 5 ml amounts and sterilized

by autoclaving at 121°C for 15 minutes.

2.5.3.4 Nitrate broth

21



Nitrate broth (Cowan and Steel, 1985) contained KNO; (1g) and nutrient
broth dehydrated medium (13g), which were dissolved in 1000 ml distilled
water. Then the medium was distributed in sterile test tubes with cotton

plugs and then sterilized by autoclaving at 121°C for 15 minutes.
2.5.3.5 Carbohydrate liquid medium

Twenty grams of peptone water and (10g) of sugar were dissolved in (900
ml) of distilled water, (10 ml) of bromocrysol purple, 0.2% aqueous
solution were added and then the medium was sterilized by autoclaving at

115°C for 10 minutes.

2.6 Chemical reagents, indicators and solutions
2.6.1 Oxidase test reagent

Tetramethyl-p-phenylenediamine dihydrochloride was prepared as 1%
aqueous solution. Filter papers of 50 x 50 millimeters in size were
impregnated with the reagent and dried at 50°C (Barrow and Feltham,
1993).

2.6.2 Hydrogen peroxide

Hydrogen peroxide 30%, produced by British Drug House, London, was

diluted to 3% aqueous solution for catalase test.
2.6.3 Kovac’s reagent

This reagent was prepared as described by Barrow and Feltham (1993). Five

grams of p-dimethylamino-benzaldehyde were dissolved in (75 ml) of amyl
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alcohol by warming in water bath. After the mixture was cooled, (25 ml) of

concentrated hydrochloric acid were added. It is used for indole test.
2.6.4 Potassium hydroxide and alphanaphthol

The reagent was prepared as 40% potassium hydroxide and 5%

alphanaphthol for use in Voges-Proskauer (V.P) test.
2.6.5 Methyl red solution

This solution was prepared by dissolving (0.04 g) of methyl red in (40 ml)

ethanol and the volume was made up to (100 ml) with distilled water.
2.6.6 Nitrate test reagent

According to Bio Merieux, it consists of two separate solutions. The first of
them, the sulfanilic acid reagent, was prepared by dissolving (0.4g) of
sulfanilic acid in (100 ml) acetic acid. The other solution, alpha-
naphthylamine, was prepared by dissolving (0.6g) of dimethyl-a-

naphylamine in (100 ml) acetic acid.
2.6.7 Bromocrysol purple indicator

Bromocrysol purple was prepared as 0.2% aqueous solution for O/F &

carbohydrate fermentation tests .
2.6.8 Gram’s stain reagents
2.6.8.1 Crystal violet solution

This solution was prepared by dissolving (10g) crystal violet and ethanol
(95%) (100ml). They were mixed together till dissolved
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2.6.8.2 Lugol’s iodine

Lugol’s iodine contained iodine (5g), potassium iodide (10g) and distilled
water (100 ml). The potassium iodide was dissolved with the iodine and 10

ml of water and then the rest 90 ml distilled water were added and mixed.
2.6.8.3 Acid alcohol

It contained concentrated HCI (3 ml), ethanol (97 ml) and were mixed well

before use.
2.6.8.4 Weak carbol fuchsin

Weak carbol fuchsin was prepared by diluting one volume of strong carbol

fuchsin with 10 volumes of distilled water.
2.6.9 Normal saline

Normal saline was prepared as described in Oxiod Manual by dissolving
(8.5 g) of sodium chloride in one liter of distilled water to obtain (0.85%)

concentration.
2.7 Culturing of samples
2.7.1 Primary culture

Primary culture for all water samples was done onto blood agar and
MacConkey’s agar media. Each water sample was centrifuged at 8000 rpm
for 5 minutes and the sediment was cultured, then all Petri dishes were

incubated at 37°C for 24 hours.
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2.7.2 Purification

Typical and well isolated colonies from the primary plates were picked with
a wire loop and each one was streaked on the surface of a fresh plate of
nutrient agar medium. Pure culture was obtained by replating the sub-culture

on nutrient agar.
2.8 Identification of isolates

The purified isolates were identified according to criteria described by
Barrow and Feltham (1993). This included staining reaction, organism
morphology, growth condition, colony characteristics on different media,

motility and biochemical characteristics.

2.8.1 Microscopic examination

A smear was made from each type of colony from primary culture and from purified colonies,
fixed by heating and stained by Gram’s method. Then the stained smears were examined
microscopically under oil immersion lens. The smears were examined for cell morphology,

arrangement, presence of capsule and staining reaction.

2.8.1.1 Staining method
Gram’s staining method

1. Crystal violet was added to fixed smears for 30 sec.
Washed with distilled water.

Lugol’s iodine was added for 30 sec.

Decolorized with acetone-alcohol for 2-3 seconds.

Washed with distilled water.

A

Counter stained with dilute carbol fuchsin for 30 sec.
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7. Washed with distilled water.
8. Dried with filter paper and examined under microscope by oil

immersion objective lens.

Gram-positive bacteria appeared purple, while Gram-negative bacteria

appeared red.
2.8.2 Cultural characteristics

The colony characteristics of all isolates (shape, size, consistency, opacity,
pigments, and type of growth on different media) were observed, and used

for identification.
2.8.3 Biochemical testing

All the following biochemical tests were conducted and performed

according to Barrow and Feltham (1993), unless otherwise stated.
2.8.3.1 Primary tests
2.8.3.1.1 Oxidase test

A sterile platinum loop was used to spread the isolated colony on oxidase
paper. Color change to violet within 5-10 seconds indicated a positive

reaction.
2.8.3.1.2 Catalase test

Using a sterile glass rod, a part of an isolated colony was emulsified in one
drop of hydrogen peroxide on a clean slide. Appearance of gas bubbles

indicated a positive reaction.
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2.8.3.1.3 Motility test

The isolates were studied for motility by Craigie technique according to
Cruickshan et al. (1975), in which the bacteria was inoculated into a central
tube containing semi-solid agar placed in test tube using a straight wire.
After incubation at 37°C for 24 hours, the tubes were examined for

migration of the bacteria outside the Craigie tube.
2.8.3.1.4 Hugh and Leifson’s test

Hugh and Leifson’s test or oxidation fermentation test (O/F) was done as
shown by Cruickshank et al. (1975). Duplicate tubes of freshly prepared
medium were inoculated by stabbing with a straight wire. One of the
inoculated media was immediately covered with a layer of sterile liquid
paraffin to a depth of 1 ml and examined daily for up to 14 days. A color
change from green to yellow in both tubes indicated a fermentative organism
but change in the uncovered tube only indicated that the organism is

oxidative.
2.8.3.2 Secondary tests
2.8.3.2.2 Nitrate reduction test

Nitrate reduction test was carried out as described by Cowan and Steel
(1985). Nitrate broth was inoculated and incubated for up to five days. One
milliliter nitrate solution 1 was added followed by 1 ml of solution 2. A red
color indicated a positive reaction. To the tubes not showing red coloration
within five minutes, zinc powder was added to them and allowed to stand.
Absence of red coloration in this case indicated absence of nitrate (positive

reaction).
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2.8.3.2.3 MR & VP tests

A tube containing glucose-phosphate peptone water medium was inoculated
with a 24 h peptone water culture and then incubated at 37°C for 24 h. The
culture was halfed in to another tube two drops of methyl red reagent were
added to one tube, shaken well and examined. Appearance of bright red
color indicated a positive result whereas orange yellow color indicated a
negative reaction. For VP test 0.6 ml 5% alpha-naphthol solution and 0.2 ml
40% KOH aqueous solution were added to the second tube and shaken well.
The tube was sloped and examined after 15 min. A strong red color

indicated a positive reaction.
2.8.3.2.4 Urease test

A slope of urea agar base medium was heavily inoculated with test
organism, incubated at 37°C and examined daily for 5 days. If the color

changed from yellow to red-pink, it was considered as a positive result.
2.8.3.2.5 Indole test

The test organism was cultured into peptone water which contains
tryptophan and incubated at 37°C for 48 h. One milliliter of Kovac’s reagent
which contains 4-p-dimethylamine benzaldehyde was run down along side
of the test tube. Appearance of pink color in the reagent layer within a

minute indicated a positive reaction.
2.8.3.2.6 Carbohydrate fermentation tests

Carbohydrate fermentation tests were carried out as described by

Cruickshank et al. (1975). Carbohydrate media containing 1% of any of
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glucose, lactose, mannitol, sucrose, inositol, fructose, trehalose and maltose,
were inoculated with peptone water culture by a sterile loop and incubated at
37 °C and examined daily for 4 days. A fermentation reaction was indicated

by change of color of the medium to pink.

2.9 Bacterial viable count

The bacterial count was done according to Miles and Misra (1938).
2.9.1 Preparation of the dilutions

Ten- fold serial dilutions of water samples were prepared. Three test tubes
containing 9 ml sterile normal saline were prepared. A micropipette with
sterile tip was held vertically and introduced not more than 3 cm below the
surface of the water sample and then 1 ml was taken to the first tube of the
dilution series without touching the diluting fluid, the tip was discarded and
the tube was labeled as the first dilution tube, 10™. A fresh sterile tip was
used to mix the content of the first dilution and 1 ml was transferred to the
second tube of dilution series without touching the diluting fluid. The tip
was discarded and the tube was labeled as the second dilution tube, 107

Further dilutions of 10~ were prepared similarly.
2.9.2 Preparation of the plates

The surfaces of the Nutrient agar plates were dried for one hour at room
temperature with the plate lid closed, followed by two hours at 37°C with lid
and base separated. A fresh sterile tip was used to mix the content of each
dilution by sucking up and down ten times, then 0.02 ml of each dilution
was withdrawn and transferred to nutrient agar and evenly distributed on the
surface using a sterile glass rod. Two replica of each dilution were made.
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The plates were labeled by the number of the dilution, and incubated at 37
°C for 24 h.

2.9.3 Colony count

An average colony count from the two replica of each dilution was obtained.
The average was multiplied by 50 to obtain a figure for the bacteria/ ml in

the original sample and by the reciprocal of dilution factor.
2.9.4 EPA Drinking Water Standards

Environmental Protection Agency (EPA) standards say:-

“A total microbial (aerobic) count that may be used
for source drinking water is 100 colony-forming units

cfu/mL.”
2.10 Water sanitary measurements in dairy cattle farms

Few simple data about water sanitary measurements of farms examined was

collected using a questionnaire (appendix).
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Chapter Three

Results

3.10verall bacterial isolates and bacterial types

Out of 104 samples of drinking water from 33 dairy farms located in
Khartoum North area, 188 bacterial isolates were recovered. According to
their microscopic, cultural and biochemical properties, the isolates were
identified to a total of 19 bacterial types (Table 1). The highest rate of
isolation was of Corynebacterium renale (n=31, 29.8%) and the lowest rate
of isolation was of Klebsiella oxytoca (n=1, 0.96%), (Fig. 1). The Gram-
positive types were more than Gram-negative and the isolates of Gram-

positive bacteria constituted 57% of the total number of isolates.
3.2 Bacterial isolates according to the source of water

According to the source of drinking water, 81 (43.08%) isolates were
recovered from water of troughs, 73 (38.83%) were isolated from wall of
troughs, 20 (10.64%) were isolated from water of the main sources and 14
(7.45%) were isolated from water of the storage places. Details of these
percentages and types of bacteria from each source of water are shown in

Table 2 and Figs. 2-5.

The most contaminated source of water was the water in troughs; 18
bacterial types were isolated, which included all bacterial types isolated from
all sources, except Klebsiella oxytoca. Corynebacterium renale was the most

isolated bacterial species from this source as well as from other sources.
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The second most contaminated source of water was the walls of troughs; 16

bacterial types were obtained.

Nine types of bacteria were isolated from the samples of storage places

(n=5). Their frequency of isolation ranged from 1-3 (20-60%).

The least contaminated source of water was the main source, only four
types of bacteria were isolated. The most isolated bacterium from this source
was Aeromonas salomonicida, which was isolated from 30.3% (10/33) of

samples from this source, followed by Micrococcus luteus (18.1%).

Aeromonas salmonicida, Bacillus mycoides, Bacillus sphaericus and
Micrococcus luteus were found in all water sources, whereas Micrococcus
lylae and Kingella kingae were found only in water from troughs, and

Klebsiella oxytoca (one isolate) was found in a wall of a trough.
3.3 The total viable count of bacteria in water from different sources

The mean viable count of bacteria in water samples from the four sources
was 4x10°, 4.4x10°, 1x10%nd 5.2 x10° colony forming units/ ml for main
sources, storage places, water in troughs and wall of troughs, respectively
(Table 3 and Fig. 6). However, viable counts of some individual samples
from the source of highest mean were lesser than some samples from other

sources and vice versa.
3.4 Water sanitary measurements in dairy farms

Most of farms examined were of bad sanitary measurements. Water troughs
and water trough’s material were poor and troughs were contaminated with

faeces, feed and algae. Also, the storage places of water were not clear and
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exposed to contamination. Pipes of main sources of water were of bad

quality that might allow contamination from soil. Common bacterial

diseases in these farms were mainly Brucellosis, Salmonellosis, E. coli

infections, mastitis and respiratory tracht infections, which, at least, some of

them are water-borne diseases and some of their causes were 1solated in this

study. Cattle breeds were mainly cross breed that could averagely resist

bacterial infections.

Table 1: Isolation frequency and percentages of isolated bacterial

from drinking water of dairy cattle farms in Khartoum North

Bacteria Isolation | Percentages Percentages
freguency | from total from total
number of number of

samples isolates

Corynebacterium renale 31 29.8% 16.49%
Aeromonas salmonicida 18 17.31% 09.57%
Micrococcus luteus 17 16.34% 9.04%
Klebsiella pneumoniae ssp. aerogenes 15 14.42% 7.98%
Aeromonas spp. 14 13.46% 7.45%
Bacillus mycoides 13 12.5% 6.91%
E. coli 12 11.53% 6.38%
Corynebacterium pseudodiphtheriticum 11 10.57% 5.85%
Staphylococcus epidermidis 9 8.65% 4.79%
Moraxella urethralis 9 8.65% 4.79%
Nocardia asteroids 7 6.73% 3.72%
Corynebacterium diphtheria 6 5.76% 3.19%
Proteus spp. 6 5.76% 3.19%
Bacillus sphaericus 6 5.76% 3.19%
Staphylococcus warneri 5 4.8% 2.69%
Kingella kingae 3 2.88% 1.59%
Aeromonas sobria 3 2.88% 1.59%

Micrococcus lylae 2 1.92% 1.06%
Klebsiella oxytoca 1 0.96% 0.53%
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Table 2: Frequency and percentage of isolated bacteria according to the

source of water samples

. Main Storage Water in Wall of
Bacteria sources of | places of
troughs troughs
water water

Aeromonas spp. 0 2(40%) 4(12.12%) | 8(24.24%)
Aeromonas salmonicida 10(30.3%) | 1(20%) 2(6.06%) 5(15.15%)
Aeromonas sobria 0 0 2(6.06%) 1(3.03%)
Corynebacterium
pset}/dodiphtheriticum 0 0 6(18.18%) | 5(15.15%)
Corynebacterium renale 0 3(60%) 18(54.54%) | 10(30.30%)
(E)Oi;yhrlﬁkéficaf”“m 0 120%) | 3(9.09%) | 2(6.06)
Proteus spp. 0 2(40%) 4(12.12%) 0
Moraxella urethralis 0 2(40%) 4(12.12%) 3(9.09%)
E. coli 0 0 5(15.15%) | 7(21.21%)
*:'S;F’zglf‘ggﬂg‘s‘mon'a 0 0 8(24.24%) | 7(21.21%)
Klebsiella oxytoca 0 0 0 1(3.03%)
Bacillus mycoides 3(9.09%) 1(20%) 6(18.18%) 3(9.09%)
Bacillus sphaericus 1(3.03%) 1(20%) 2(6.06%) 3(9.09%)
Micrococcus luteus 6(18.18%) | 1(20%) 3(9.09%) | 6(18.18%)
Micrococcus lylae 0 0 2(6.06%) 0
Staphylococcus warneri 0 0 1(3.03%) 4(12.12%)
Staphylococcus epidermidis 0 0 5(15.15%) | 4(12.12%)
Nocardia asteroids 0 0 3(9.09%) 4(12.12%)
Kingella kingae 0 0 3(9.09%) 0
Total 20 14 81 73
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Table 3: Reading of total and mean viable counts of bacteria in water

from different sources

Farms Main sources Storage places | Water in troughs | Wall of troughs
1 0 - 1.5x10° 1.4x10°
2 0 - 7x10° 9x10*
3 0 4x10* 6x10° 4.1x10°
4 5.2x10° - 3x10° 1x10°
5 4x10° 9x10* 6x10*
6 1x10° 2x10° 1.6x10° 1.6x10*
7 6x10° - 1.3x10* 1.3x10’
8 0 - 1x10° 1.1x10°
9 0 - 5x10° 1.2x10*
10 1.7x10° - 2.3x10° 2.3x10°
11 0 - 9x10° 2.7x10°
12 4.1x10° - 1.3x10° 7.5x10°
13 0 - 1.1x10° 6.6x10°
14 0 - 5.3x10° 3.7x10°
15 0 - 2.2x10° 2x10°
16 1.8x10° 1x10* 1x10° 3x10’
17 0 - 2x10° 3.1x10°
18 0 - 1.7x10° 3.5x10°
19 3.3x10" 3.4x10° 2.5x10% 2.5x10°
20 1x10° - 3x10° 2x10°
21 2.6x10° - 3.6x10° 2x10°
22 1.8x10° - 3.3x10° 3x107
23 2x10° - 9x10* 2x10°
24 0 - 2.4x10° 3x10’
25 9x10° - 3x10° 2x10%
26 0 - 2.8x10° 1.7x10°
S 1x10* - 1.8x10% 3x10°
28 0 - 3.2x10° 1.4x10°
29 0 1.6x10° 6.2x10° 3.3x10°
30 0 - 3x10° 2x10°
31 1.4x10° - 2.6x10° 1.5x10°
32 1.9x10° - 2x10° 1.2x10%
33 0 - 2.6x10° 3.7x10’

Mean viable 4x10° 4.4x10° 1x10° 5.2x10°
counts

0 = Either no growth or number of colonies on plates was less than 30.

- = No

storage place

in these farms
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Fig.1: Bacteria isolated from 104 samples collected from

drinking water of dairy cattle farms in Khartoum North
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Fig. 3: Bacterial species isolated from storage places
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Fig. 4: Bacterial species isolated from water in troughs
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Chapter Four

Discussion

An adequate supply of a good quality water for dairy cattle is extremely
important for optimal production (Kevin, 2007). Dairy cow will drink less if
water quality is poor and that will limit its milk production and jeopardize its
health (FAO, 2000). The present study was designed to assess bacterial
quality of drinking water commonly present in dairy cattle farms, based on

bacterial 1solation and total viable count.

Out of 104 samples taken from 33 dairy farms, 188 isolates were recovered
(1-3 organisms per sample). Isolation result showed that 57% of isolates
were Gram-positive bacteria. This close isolation frequency of Gram-
positive and negative bacteria indicated that they are almost equally present
in the environment of dairy cattle farms and their sources may be the soil,

feeds, animal skin and mucous membranes and feces as well as water.

In total, 19 bacterial types were identified; ten of them were Gram-positive
bacteria. This finding showed that number of Gram-positive and negative is

almost similar and this is in consistent with their number of isolates.

The most isolated bacterial types in this study were Corynebacterium and
Aeromonas spp., which were amounted for 44% of the isolates.
Corynebacterium renale and Aeromonas salmonicida were the most
dominant species, isolated from 29.8% and 17.3% of samples, respectively.
This high isolation rate may be due to contamination of water from various
sources such as animal wastes, soil and feed stuffs (Hirch and Yuan. 1999;

Nayduch et al., 2001). Corynebacterium renale is known bovine pathogen; it
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causes cystitis, urethritis and pyelonephritis and it can be transmitted via

water (Hirsh et al., 2004).

Klebsiella pneumoniae spp. aerogenes was recovered from 14.4% of
samples of this study. This bacterium has become an important cause of
clinical mastitis (Saeed and El Sanousi, 2002; Hogan and Smith, 2003). Also
Nocardia asteroids was isolated in this study and it can cause bovine
mastitis (Cook and Holliman, 2004). So, systemic infection through drinking
of contaminated water or direct introduction of the two organisms to healthy
udder by contaminated hands through teat canal or skin abrasions is

possible.

The presence of E. coli in water from troughs is especially important for
health of weaned calves (Jeffrey et al., 2001). The isolation could be due to
adult cattle shed significant amounts of E. coli in their feces which in turn

contaminated water.

Some Bacillus, Staphylococcus and Micrococcus spp. were isolated here and
they are not known pathogens and expected to be normally found in the
environment. However, at least some of them were reported as opportunistic
pathogens (Smith et al., 1999). So, their existent in water may cause

infections during stress times such as time of calving.

According to source of water, samples from water in troughs, followed by
samples from wall of the troughs were most contaminated with bacterial
types. Eighteen and 16 bacterial types were recovered from the two sources,
respectively, followed by storage places and the least contaminated source
was the main source of water. Although number of samples from storage

places was small (5 samples), nine bacterial types were obtained and high
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viable counts were found. The result could be explained by the fact that
storage places in these farms are exposed to contaminated air and dust and
may rarely be cleaned. A similar observation was noted by Selma (2007).
Likewise, the total viable count for bacteria showed that water samples from
wall of troughs, followed by water in troughs were found most loaded, while
samples of main sources of water were the least loaded. This is may be logic
because troughs are exposed to contamination from many sources; cattle
while drinking, animal feces, air, dust and feed stuffs. In addition, cleaning
and change of water is not appropriates (bad hygienic measurements), walls
of troughs are especially difficult to clean in case of poor trough material
and detergents may not be used. Similarly, bacterial contamination in the
storage places could be due to environmental contamination and bad storage
of water. In contrast, the main sources of water are protected from direct
contact, surface water usually treated with disinfectants and ground water
(wells) is expected to be of minimum bacteria unless mixed with human
sewage (Alcano, 1997). All samples from main sources did not grow on
MacConkey’s agar. This finding was in agreement with EI Tom (1997) and
Esrey et al. (1985), who reported that water samples from direct main source
of water supply are completely free from coliform bacteria. Contrarily, Imad
(2001) and Wright (1984) were able to detect coliform bacteria from main

sources of water.

The overall result indicated that the degree of contamination is increasing
from the main source of water to the troughs. This poor microbiological
quality of drinking water of dairy cattle is expected to have adverse health

and productivity effects (Jeffery et al., 2001).
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From the epidemiological data that were collected in this study there were
cases of calf diarrhea, new borne calf deaths and mastitis. Some of the

bacteria isolated here justify these disease cases.

Microbiological quality of drinking water in dairy farms is of paramount
concern because of the possible acute risk to health caused by bacteria in
drinking water. Therefore, regular monitoring and assessment of drinking
water is primarily a health-based activity which helps to protect public

health through ensuring provision of good quality water.
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Conclusions

It can be concluded that:

e Pathogenic bacteria were isolated from drinking water of dairy cattle;
e.g., Klebsiella pneumoniae ssp. aerogenes, Escherichia coli,
Corynebacterium renale and Nocardia asteroids. These organisms
could be transmitted via drinking water and constitute a real hazard

for dairy cattle health and consequently their productivity.

e The bacteriological quality of water in all farms was evaluated as very
poor as it was reflected by the very high existence of bacterial types

and loads. Water in troughs was especially dangerous.
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Recommendations

e Provision of good quality drinking water is crucial for life and
optimum productivity of dairy cattle. So, practicing and application of
appropriate hygienic measures are important. These should include
good water source, appropriate selection of materials of storage places
and troughs and be properly located to minimize bacterial
contamination; in addition to regular proper cleaning. Health
education programs aiming at increasing awareness on the importance
of clean water for animal’s health are helpful.

e As it was demonstrated here that drinking water of dairy cattle is not
safe, regular monitoring of microbial quality may help in application
of proper preventive measures that would help reducing the effect.
This could be achieved by conduction of further researches to
investigate the risk associated with microbial contamination of

drinking water in dairy cattle farms in the Sudan.
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Questionnaire on Bacterial Contamination of Drinking Water in Diary

Farms in Khartoum North Area

Date of sampling: ...... ..o o

Location: ... ..o
Availability of a veterinarian: .......................
Cattle breed:

Local ( ) Cross( ) Foreign ( ) Mixture ()
Cleanness of the farm in general:

Bad ( ) Fair () Good ( )
Common bacterial diseases found in the farm ..............................
State of main source of water inthe farm: ...................................
State of storage place of waterinthefarm: ....................................
Type and state of the drinkersin the farm: .................................
Level of troughs compared to feed level .......................................

011 115 ¢ T
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Water troughs put in cattle house floor surrounded by mud, feces and urine

which may increase contamination of drinking water

56



—

Washing of human hands and face is an unhygienic practice, which may

contribute to animal and human hazards
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04/27/2006

Water troughs are not cleaned regularly, disinfectants and detergents are not
used for washing troughs and water trough material is poor. The photo
compares between very dirty walls of cement troughs (lower) and semi-

clean metal troughs (upper).
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