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ABSTRACT
Twenty four Jersey calves were randomly blocked according to sex and birth date, to
determine the effects of supplementing Carica papaya seed (Linn) meal (CPSM) on
health and growth performance of calves. In the first study, calves were fed CPSM for
only 2 days to determine faecal pathogen population. In the second study; calves were
randomly assigned at birth to three treatments and fed until weaning at 42 days. Each
treatment had six calves. Treatments were; 1) a control group, which did not receive
additive; 2) a group that was supplemented 5 g/d of Carica papaya seed meal (CPSM)
and 3) the last group that was supplemented 5 g/d of a commercial product containing
Lactobacillus acidophilus (Lact). After receiving milk with colostrum from their dams
for 3 consecutive days after birth, calves had commercial starter pellet and fresh water
ad lib. Treatments were added to whole milk from day 4 and fed to calves before being
allowed to suckle from the dams for 30 min three times a day (08:00; 12:00 and 17:00).
Calf starter dry matter intake (DMI) was evaluated daily while body weight (BW) and
body structural growth were measured weekly. Faecal samples were collected directly
from the rectum on day 7 and 10, before and after receiving CPSM respectively. The
DMI; DMI/BW; BW and BWG of calves did not differ among treatments, and averaged
305.4 g/d; 7.7 g/d per BW; 39.4 kg and 32.1 kg, respectively. The initial BW, 22.2 +
1.49 kg did not differ among groups, but the weaning BW was higher (p<0.05) for
CPSM fed calves compared to control diet fed calves. It did not differ between control
and Lact calves. Calves in Lact and CPSM treatments had similar average daily gain
(ADG) and heart girth (HG), which were higher (p<0.05) than calves fed the control
treatment. Calves fed CPSM had higher (p<0.05) hip width (HW) and shoulder height
(SH) than control calves. There were effects of time (p<0.001) for starter DMI/BW,
ADG and all structural body parameters, and effects (p<0.05) of interaction between
time and treatments for only starter DMI/BW, ADG and HG. The CPSM treatment
reduced faecal coliforms and E. coli (p<0.05) by 93.6% and 96.1%, respectively; and
tended to reduce Enterobacteriaceae (p=0.056) by 96.4%. The present study revealed
that feeding CPSM to calves during the pre-weaning period increased growth
performance by improving average daily gain, feed efficiency and enhancing health

status due to low faecal pathogen count.

Keywords: Probiotics, faecal pathogen, growth performance, calves
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CHAPTER 1

INTRODUCTION

The highest rate of neonatal mortality incidence occurs during the first three weeks of
dairy heifers’ life (Wells et al., 1996; Wudu et al., 2007). Diarrhoea is the key reason
of sickness and death in of calves’ early life (Svensson et al., 2006; Windeyer et al.,
2014; Uetake, 2013). The first peak of respiratory sicknesses is often observed at the
age of four weeks, resulting in extensive revenue loss due to growth depression and
medication (Postema et al., 1987). This situation is worsened by inadequate
acquisition of inert immunity in newborn calves (Donovan et al., 1998; Virtala et al.,
1999). This may be caused by poor efficiency of immunoglobins (lg) absorption, poor
colostrum feeding management, and colostrum containing inadequate mass of Ig
(Quigley, 2005). This results in the calves prone to diseases, mainly bacterial
infections of the digestive tract (McGuirk, 2008).

Usually on dairy farms, newborn calves are fed milk or milk formular containing
antibiotics to prevent diseases and improve calf growth (McGuirk, 2008).
Nevertheless, the use of antibiotics used as feed supplement is related to the
augmentation of antibiotic-resistant strains resulting in their reduced efficacy
(Wegener, 2003), which necessitate other alternatives. The benefit of supplementing
probiotics on calf performance has been associated with balanced gastro-intestinal

tract microbiota and improved calf health (Chaucheyras-Durand & Durand, 2009).

Natural plants and their extracts such as garlick, papaya, pumpkin, contain
phytochemicals (secondary metabolites) that exhibit antibacterial activities against a
wide range of pathogens and may be used as growth boosters (Baladrin et al., 1985;
Githiori et al., 2006). The seeds of Carica papaya Linn have therapeutic and
pharmacological properties which are anti-amoebia, anthelmintic, antimicrobial and
anti-fertility (Osato et al, 1993). Furthermore, seeds are bacteriostatic against
enteropathogens such as Bacillus subtilis, Enterobacter cloacae, Escherichia coli,
Salmonella typhi, Staphylococcus aureus, Proteus vulgaris, Pseudomonas

aeruginosa and Klebsiella pneumonia. The papaya seeds have medicinal uses such



as carminative, emmenagogue, counter irritant, treatment of ringworms, psoriasis,

bleeding piles as well as enlarged liver and spleen (Rupa & Jayanta, 2013).

Problem statement

Calf mortality remains the main problem in farming industry around the world due to
calfhood diseases that has a negative impact on growth performance and farm income
(Smith & Little, 1922; Mohri et al., 2007). Several signs of sickness and death observed
in calves are during routine antibiotic treatment of calf diarrhoea (Lance et al., 1992),
in calves born to first lactation heifers and in group housing (Olsson et al., 1993).
Furthermore, calves that are born at a difficult calving period and inadequate passive
transfer of colostrum are identified to cause morbidity and mortality (Wells et al., 1996).
Respiratory diseases remain one of the leading causes of calf sickness and mortality
(Woolums et al., 2005), resulting in increased antibiotic usage (Holland et al., 2010)
and deficiency of optimal passive transmission of colostrum immunity (McGuirk &
Ruegg, 2011).

Calves are fed antibiotics or feed additives in milk and dry feed to reduce prevalence
of infection of diseases early in life as well as to improve growth performance (Galvao
et al., 2005). The primary effects of antibiotic fed supplements are to enhance
opposition to colonization with pathogenic microorganisms and animal health status
as well as to enhance mucosa immunity of the animals (Choct, 2009). However,
addition of such products has led to increased resistance to antibiotics (Phillips et al.,

2004), which necessitate alternative strategies.

Non-antimicrobial feed additives with a possibility to lessen establishment of
pathogenic microorganisms of the gastro-intestinal tract such as Carica papaya seeds
seem to be one of natural alternatives to antibiotic and can be tested as additives in
animal feeds. Moreover, these papaya seeds are not commonly used for human

consumption.



Objectives

The primary objective was to investigate the performance and health of dairy calves

when supplemented with Carica papaya seed (Linn).

The specific objectives are to:

e Ascertain the effects of CPSM on selected opportunistic pathogenic bacterial
(Coliforms, Escherichia coli and Enterobacteriaceae) populations in dairy
calves.

¢ Determine the effects of supplementation with CPSM on calf feed intake, growth

and structural body parameters of suckling Jersey calves.

Hypothesis
The hypotheses were:
e Supplementation of dairy calves with CPSM would have significant effects on
faecal coliforms, Escherichia coli, and Enterobacteriaceae.
e Supplementation of dairy calves with CPSM would have significant effects on

feed intake and calf growth.

To achieve these objectives, two studies were conducted:

Study 1: The effects of CPSM on faecal pathogen populations in dairy calves and its
influence on calf performance.

Study 2: The effects of supplementation with CPSM on calf intake and growth of Jersey

calves.



CHAPTER 2

LITERATURE REVIEW

2.1. Introduction

Dairy farming is one of the main divisions in the livestock production (Habib et al.,
2007). Replacement heifers are part of the future dairy farm herd and it is the second
major expenditure of the dairy industry (Drackley et al., 2004). They should be
managed well to substitute the aged and expensive cows. Dairy farmers have a
challenge of high calf death rate and are unable to nurture replacement heifers
(Razzaque et al., 2009a). The losses of young calves were due to lack of proper
medication (Postema et al., 1987), inadequate management practices and high load
of pathogens (Razzaque et al., 2009a).The financial losses due to morbidity and death
of calves were $ 62.50 (US) per died calf (Razzaque et al., 2009b). Thus, farmers try
to optimise production and reproductive performance by applying new management

procedures including feeding colostrum on time, nutrition, feeding and pen housing.

Many additives are added into the diets, administered orally or injected during pre-
weaning period to provide noble groundwork for healthy and cost-effective heifers
(Huyghebaert et al., 2010; Phillips et al., 2004). A number of feed additives affect
aspect such as immunity and nutrition in cattle (Chaucheyras-Durand, & Durand,
2009). As such various additives are investigated nutritionally and therapeutically to

enhance the livestock production (Huyghebaert, et al., 2010).
2.2. Feeding management of dairy calves

2.2.1. Feeding colostrum

Neonatal calves are born agammaglobulinemic (Tizard, 1996; Quigley & Drewry,
1998; Weaver et al., 2000). Neonatal calves are born without health resistance
mechanism. Therefore, they totally rely on adequate absorption of maternal colostrum
derived from Ig and essential for establishing passive immunity for its early diseases
protection (Tizard, 1996; Weaver et al., 2000). In mammalian animals placenta

interferes with the transmission of Ig from the mother to the foetus. Therefore, the



intake of colostrum by the new born of these species has a fundamental role in

acquiring immunity (Arguello et al., 2004).

Colostrum is a combination of lacteal secretions and ingredients of blood serum that
gather in the mammary glands and are aggregated via milk feeding of the earliest-
lactating cow (Schoombee, 2011). Immunoglobulin is broken into five groups
consisting IgM, IgA, IgD, IgG, and IgE where IgG, IgA and IgM are the major classes
(Muller & Ellinger, 1981; Butler, 1983; Anderson et al., 1985). These major classes
differ in their concentrations, structures and functions. The IgG is produced in higher
quantities than IgM (Anderson et al., 1985). However, they are both important in the
initial exposure to antigens and functioning in destroying pathogens. The IgA is
insufficient to protect against intestinal pathogens and would interfere with rumen flora
development (Muller & Ellinger, 1981; Anderson et al., 1985). The consumption of
optimal good colostrum aids in the physiological and development functions of the gut
plus influencing the calf’s nutritional condition and metabolic processes (Lee et al.,
1995; Guilloteau et al., 1997; Buhler et al., 1998). Colostrum tends to flush the
digestive tract and retarding Escherichia coli bacteria from multiplying and migrating
into rumen and abomasum where early death can be caused by a high concentration
of microorganisms (Clapp, 1981). The calf’s intestines are highly efficient at absorbing

Ig at an early age of life (Anderson et al., 1985).

Colostrum and transitional milk offer complete nutrients important for the survival of
the neonate (Piccione et al., 2009). Colostrum is rich in peptides, fats, fat-soluble,
minerals, vitamins, and variety of enzymes (Grosvenor et al., 1993). In addition, it
comprises high concentrations of bioactive constituents such as lactoferrin, hormones,
growth factors, lysozyme and lactoperoxidase. Transitional milk is produced on the
second or third day after parturition and its composition is different from colostrum
(Table 2.1).



Table 2.1: Compositional changes of colostrum over the first three milkings
compared to transitional milk (Foley & Otterby, 1978).

Milking after calving
Components Colostrum Transitional milk Whole

Day 1 Day 2 Day 3 milk
Specific gravity (g/ml) 1.06 1.04 1.03 1.03
Solids (%) 23.9 17.9 14.1 12.9
Protein (%) 14.0 8.4 5.1 3.1
Fats (%) 6.7 5.4 3.9 35
Lactose (%) 2.7 3.9 4.4 5.0
lg (%) 6.0 4.2 24 0.1
IgG g/L 48.0 25.0 15.0 0.6
Casein (%) 4.8 4.3 3.8 25

2.2.1.1 Passive immunity

In mammalian animals the placenta prevents transmission of Ig from the mother to the
foetus (Arguello et al., 2004; Weaver et al., 2000). Passive immunity is the transfer of
Ig from the mother to the new born and it is for protection from infectious sicknesses.
Calves that do not obtain sufficient quantity of high quality colostrum early in life are
prone to sicknesses, reduced growth performance and mortality (Donovan et al., 1998;
Virtala et al., 1999; Tyler et al., 1999; Weaver et al., 2000). In the first 24 hours of life
it is important for calves to obtain more than 10 mg/ml of serum Ig concentration
(Schoombee, 2011). Calves will kick start to produce their own Ig nearly 10 days after

partum and reach average serum levels at 8 weeks of age (Corbett, 1991; Hein, 1994).

2.2.1.2. The incidence of failure of passive transfer

The interaction factors (amount, quality, and timing of colostrum intake) influenced the
pattern and rate of colostrum Ig absorption, to safeguard quality of protection against
sicknesses (Weaver et al., 2000). Furthermore, an incorrect timing, amount and quality

of colostrum intake might results in decreased concentration of Ig circulating in the



blood (Gay, 1983). This condition is known as failure of passive transfer (FPT) and
occurs when a calf's blood-serum concentration of IgG is less than 10 mg/mi
(Schoombee, 2011).

Calves with failure of passive transfer (FPT) are at high risk of neonatal and pre-
weaning sickness and death compared to calves with acceptable passive transfer
(Wittum & Perina, 1995). The calves that received serum Ig below 10 mg/ml are more
prone to diseases such as diarrhoea and pneumonia (McGuirk & Ruegg, 2011) and
mortality (Schoombee, 2011).

2.2.2. Nutrient requirement and calves’ growth

Growth is the basic processes that takes place in the life of animals and influenced by
factors such as nutrition, genetic potential and environment (Krpalkova et al., 2014).
Growth in young calves before weaning occurs in the skeleton and muscle systems
(Kertz et al., 1998). Growth is the accumulation of new body tissue. Therefore, tissue
growth is largely a function of protein deposition in bone and muscle, with
corresponding mineralization of the protein matrix in bone. Rates of growth expressed
as the percentage increase of body size are the highest at birth and decline steadily
thereafter (Kertz et al., 1998). Calves nutrition thus enters on provision of adequate
energy and protein, while ensuring that all the required minerals and vitamins are
consumed adequately (NRC, 2001).

The metabolisable energy and digestible protein for growth are provided to support
the rate of body weight gain and body weight (NRC, 2001). For maximum and fast
growth, calves need to consume more milk or milk replacer (Jasper & Weary, 2002)
and dry feeds (Khan et al., 2011). Calves respond to greater intake of milk or milk

replacer by body weight gain (Uys et al., 2011; Jasper & Weary, 2002).

Energy requirements for calves less than 99.8 kg body weight are established in units
of metabolisable energy (NRC, 2001). Therefore, it is determined by subtracting losses
of energy in faeces, digestive gasses (methane), and urine from digestible energy.
The loss of energy in methane is insignificant in calves due to lower fat content in most

milk replacer than whole milk (Holmes & Davey, 1976) and less metabolisable energy



per unit of solids (19.3 - 19.7 MJ/kg). Like energy, protein is required for both
maintenance and growth. Unlike energy, however, protein requirements for
maintenance are negligible and not believed to be substantially altered by cold or heat
stress (Holmes & Davey, 1976). The average of 188 g of protein are deposited for
every kg of body weight gain in calves to determine the rate of growth, which would
require approximately 265 g of crude protein intake (NRC, 2001). Early nutrition
provides optimal energy and protein, while ensuring that all required minerals and
vitamins are consumed in adequate amounts and ratios to overall energy intake (NRC,
2001).

2.2.3. Feeding solid feed

The transition from pre-ruminant to a functioning ruminant requires consumption of
starter dry feed (Khan et al., 2011). This promotes rumen development and achieves
optimal growth (Quigley, 2001). Calves should be provided with water and a palatable
nutritious starter from the first week of age until they are weaned (Drackley, 2008).
The provision of sufficient water influences the growth of bacteria and ruminal

development (Quigley, 2001).

The development epithelium of the rumen is controlled by chemical but not physical
means (Quigley, 2001). The primary stimulus for the ruminal epithelium development
to ruminal papillae is the fermentation of dry feeds to volatile fatty acids (VFASs)
(Heinrichs & Lesmeister, 2005). If calves are offered only milk, no microbial
fermentation occurs in the rumen, thus the production of ketones at this time is very
small (Baldwin et al., 2004). The existence of beta-hydroxybutyric acid (BHBA) in the
blood of juvenile calves is an indication of rumen development, such that BHBA is
produced from butyrate by the rumen epithelium (Coverdale et al., 2004; Khan et al.,
2011). An increase in blood BHBA with age is thought to indicate a shift from a pre-
ruminant to a functioning ruminant (Khan et al., 2011). Butyrate is the most stimulatory
of the VFAs produced by the rumen with regards to development of epithelium
(Tamate et al., 1962). There is over-instigation of ruminal papillae when VFAs levels
are high. Sometimes ruminal papillae may clomp together during this process to

reduce available surface area for absorption (Quigley, 1997). In addition, some



movements are essential to control the papillae free from keratin layers that can inhibit
VFA absorption.

2.2.4. Feeding milk or milk replacer

In dairy farming, calves are removed from their dams within first 24 hours of age
(Rushen et al., 2008). Calves can be fed milk or milk replacer twice a day to reach
approximately 10 % of their birth body weight. Calves can also be fed high levels of

milk to enhance body weight and frame size growth (Yavuz et al., 2015).

Restricted milk feeding programmes is achieved by encouraging early intake of dry
feeds to stimulate the development of rumen and to achieve reasonable animal
performance using less milk (Khan et al., 2011). There is a concern in the industry that
calves fed high levels of milk may show increased occurrence of diarrhoea (Diaz et
al., 2001). There is disagreement with respect to the incidents and incidence of
diarrhoea when calves consume increased levels of milk; in some cases. This may be
confused with higher faecal score. There is a higher occurrence of diarrhoea in calves
supplied with higher levels of milk or milk replacers, compared to calves given
restricted milk (Quigley et al., 2006). In contrast it was observed that there was no
difference (Jasper & Weary, 2002).

2.2.5. Management of the dairy calf for health

2.2.5.1. Hygiene and calf health

The calves’ environs should be dry, clean, adequately ventilated and comfortable
(Maunsell & Donovan, 2008). Thus, hazard analysis critical control point method was
developed to reduce calfhood diseases by decreasing the environmental pathogen
load at calf rearing area (Cullor 1995; Noordhuizen & Metz, 2005). The control of
pathogen load in the environment of calves reduces the occurrence of infections and

diseases plus the potential of pathogens to infect humans (McGuirk, 2008).



Bio-security plans regulate and prevent the introduction and spread of infectious
agents (Noordhuizen & Da-Silva, 2009). Bio-security plans are sometimes referred to
as health management strategies and consist of formal ailment risk identification and
assessment on farms (Stankovi¢ et al., 2016). These plans make proper use of various
protocols. For example, entrance procedures for animal farmers, a protocol on general

hygiene, on animal treatment and on disease diagnostics.

2.2.5.2. Calf housing and health

Calf housing can have positive or negative impacts on the health status and
performance of animals (McGuirk, 2008). In a pre-weaning home calves are provided
with dry shelter and clean bedding (Risco & Melendez, 2011). There is a high risk of
infections in group housing, because calves are at close range with each other
(Steenkamer, 1982). Individual housing during the pre-weaning period is a popular
management to control the horizontal transmission of infectious diseases (Fourichon
et al., 1997; Gulliksen et al., 2009) but it is expensive. It is not easy to keep operative
sanitation, nutriton management and control diseases of large group housing
(Gulliksen et al., 2009). Therefore, calves are prone to high levels of pathogens when

housed in groups, resulting in higher rates of sickness and death.

Calves in large groups are at high risk of diarrhoea and its rate was positively
correlated to the herd size (Frank & Kaneene, 1993). Furthermore, calves in large
groups experienced increased risk of respiratory diseases and diarrhoea compared to
single housing or small group according to Lundborg et al., (2005) and Frank &
Kaneene, (1993), respectively. The detection of illnesses and treatment might be

delayed and more costly in large groups (Van Putten, 1982).

2.2.5.3. Common diseases in calves

Calves are generally susceptible to infections from pathogens found in the calving area
before and during calving (Donovan et al., 1998; McGuirk & Ruegg, 2011). During the
first 24 hours post-partum, the gut absorbs large IgG molecules from colostrum to
warrant passive immunity (Anderson et al., 1985). This absorption of IgG is more

efficient at destroying pathogens and important in the initial exposure to antigens.
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Calves that fail to absorb high quality of colostrum are more susceptible to be infected
by the agents causing diseases (McGuirk & Ruegg, 2011). Common syndromes that
are associated with young calves are diarrhoea and respiratory diseases (McGuirk &
Ruegg, 2011). These syndromes have major impacts on the livestock industry
worldwide resulting in economic losses thus ranked as the most important contagious

diseases of cattle and buffaloes (Bartels et al., 2010).
a) Calf diarrhoea

Calf diarrhoea is a multifactorial sickness that can result in serious economic and
animal wellbeing implications in dairy and beef herd (Muktar et al., 2015). It is one of
common illness reported in calves in first three months of age (Svensson et al., 2003).
Bacteria, viruses, protozoa and/or parasites are associated with calf diarrhoea (Bhat
et al., 2013; Singla et al., 2013). Some agents implicated to calf diarrhoea are
Rotavirus, Coronavirus, Viral diarrhoea virus, Salmonella species, Escherichia coli,
Clostridium species and Cryptosporidium species (Muktar et al., 2015). However,
stress, insufficient intake of colostrum, poor sanitation, and inadequate ventilation,
overcrowding and cold might cause calf diarrhoea (Lance et al., 1992; Muktar et al.,
2015). The disease progress rapidly resulting in death within 24 hours. Dry cow
vaccination, satisfactory bio-security and optimal intake of quality colostrum can avoid
the diseases (McGuirk & Ruegg, 2011).

b) Bovine respiratory diseases

Bovine respiratory disease (BRD) appears to be a result of the cocktail of many viral
and bacterial pathogens, stress and immunity of the individual animal (Wikse & Baker,
1996). The BRD is one of the health challenges worldwide, resulting in monetary
losses and mortality in dairy and beef herds (Woolums et al., 2005). This resulted in
increased antibiotic usage, decreased growth performance, reduced animal wellbeing,
and production efficiency (Holland et al., 2010). The clinical symptoms are rectal
temperature of more than 40 °C, lethargy, decreased appetite, runny nose, increased
respiratory rate, coughing, separation from the herd and gaunt appearance (Powell,
2010). The primary viral pathogens associated with BRD are bovine rhinotracheitis,
parainfluenza-3, bovine respiratory syncytial and bovine diarrhoea virus (Faber et al.,

2000). Immune-suppression from stress and viral infections allow bacteria in the
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respiratory tract to overcome immune response and multiply in the nasopharnyx and

lungs causing pneumonia (Hodgson et al., 2005).
2.2.6. Feed additives in dairy calves feeding

2.2.6.1. Antimicrobial feed additives

Antibiotic compounds contain antimicrobial activity that can be used orally, parentally
or topically (Phillips et al., 2004). They were used in human and veterinary, for various
purposes to prevent or to treat diseases and as growth promoters. lonophores are
lasalocid, monensin, narasin salinomycin, tetranasin, while and non-ionophores are
avoparcin, flavomycin, tylosin, virginiamycin, and bacitracin (Nagaraja et al., 1997;
Chesworth et al., 2012). Both ionophores and non-ionophores, are antibiotic growth
promoters that have effects on gram-positive bacteria. Some are used to advance the
health and welfare of animals, which are metaphylaxis and prophylactics
(Huyghebaert et al., 2010). Metaphylaxis antimicrobial treatments are aimed to treat
sick animals and prevent diseases (Mc Ewen & Fedorka-Cray, 2002). Prophylactics
are mostly provided during high-risk periods for infectious diseases in animals as well

as antimicrobial growth promoters (Huyghebaert et al., 2010).

The European Commission phased out the use of antimicrobial growth promoters as
veterinary medicine and feed supplements and ultimately ban from trading (Pugh,
2002). Furthermore, this was influenced by the emergence of pathogens resistant to
antibiotics. The use of antibiotics in animals has an insightful effect on animal health
and wellbeing (Rigobelo & De Avila, 2012).

2.2.6.2. Phytogenic feeds

Phytogenics are derived from herbs, spices are non-antibiotic growth promoters used
as feed supplements and for the preservation of food (Windisch et al., 2008) as are
extracts or essential oils (Hong et al., 2012). These products are utilised as natural
alternatives to maintain animal health and performance (Steiner & Syed, 2015). Some
plant extracts have antimicrobial, antioxidant, antiviral, anticoccidial, and fungicidal
properties related to their lipophylic characters (Giannenas et al., 2003). Phytogenic

agents from oregano, cinnamon and thyme have broad antimicrobial actions against
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pathogenic bacteria (Applegate et al., 2010). The phytogenics stimulate digestive
secretions including saliva and endogenous enzymes (Williams & Losa, 2001). Certain
phytogenics (saponin) are likely to lessen ammonia emission of animals by inhibiting
the urease activity that converts urea into ammonia and CO: (Veit et al., 2011). The
milk blend with plant extracts was formulated to increase palatability, digestion and to
improve zootechnical parameters to maintain a better intestinal health and reduce
diarrhoea (Steiner & Syed., 2015).

2.2.6.3. Live microorganisms

Probiotics are live microorganisms that may affect the host animal to improve the
balance of the gut microflora (Musa & Seri, 2009) amounts. WWhen appropriate amount
of probiotics are used they improve the health status of the host (Chaucheyras-Durand
& Durand, 2009). They improved the growth of livestock, efficacy of feed digestion and
quantity plus quality of meat, milk and eggs (Musa & Seri, 2009). Most of the probiotic
microorganisms are part of lactic acid producing bacteria such as Aerococcus,
Atopobium, Bifidobacterium, Brochothrix, Carnobacterium, Enterococcus,
Lactobacillus and Weissella (Ferreira & Viljoen, 2003). Bacterial probiotics are
effective in chickens, pigs and pre-ruminant calves (Musa & Seri, 2009). The yeast
and fungal probiotics such as S. cerevisiae and Aspergillus oryzae improved adult
ruminants (Musa & Seri, 2009). The administration of probiotic strains in combination

might improve health benefits compared to single strain (Collado et al., 2007).
2.3. Carica papaya seed as additive in animal production

2.3.1 Chemical composition of Carica papaya seed

The papaya tree belongs to the family Caricaceae with four genera in the world: Carica
papaya Linn, Carica cauliflora Jaca, Carica pubescens Lenne and Carica quercifolia
Benth (Anibijuwon & Udeze, 2009). Carica papaya Linn is one of the most cultivated
of the Caricaceae family and used for its food, nutrition and medicinal benefits (Krishna
et al., 2008). The leaves, bark, fruit, flowers, seed, latex, and roots are used for
medicinal and various other purposes (Jaiswal et al., 2010).

The seeds are black, tuberculosis and contained in a translucent aril (Rupa & Jayanta,

2013). The seeds of C. papaya Linn are characterised by fatty acid, crude protein and
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fibre, and oil (Krishna et al., 2008). The moisture content is 4.93 - 6.2 g/100g, protein
27.8 - 30.5 g/100g, carbohydrate 6.2 - 14.6 g/100g, lipids 28.3 - 60.1 g/100g and fibre
22.6 - 60.7 g/100g (Marfo et al., 1986; Dakare et al., 2011). The chemical fatty acid
composition of papaya seeds is arachidonic acid, behenic acid, myristic acid, palmitic
acid, stearic acid, and unsaturated fatty acids (Puangsri et al., 2005). In addition,
phospholipids, carpaine (an alkaloid), benzyl isothiocynate, benzyl glucosinolate,
glucopaeolin (Rossetto et al., 2008), hentriacontane, sitosterol, caricin and myosine
enzyme were identified (Rastogi & Mehrotra, 1993). Carica papaya contains many
biochemically active composites (Anibijuwon & Udeze, 2009). The important
composites that aid in digestion are chymopapain and papain (a proteolytic enzyme)
(Anibijuwon & Udeze, 2009) and improves digestion of food protein with various levels
of pH (Krishna et al., 2008).

Papaya seeds contain 50; 220; 130; 17 340; 520; 3; 340; 110 and 10 250 ug/g of
copper, magnesium, iron, calcium, sulphur, manganese, potassium, sodium and
phosphorus, respectively (Marfo et al., 1986). The mineral composition is lower
compared to other plant seeds (Afolabi et al., 1985). The chemical composition makes
the papaya seeds a rich source of nutrients, and has toxicants such as glucosinolates

in the seeds and extracts (Marfo et al., 1986).

2.3.2. Antibacterial property of Carica papaya seed

Papaya plants have anthelmintic properties that contain plant secondary metabolite
compounds that are directly active against parasites (Githiori et al., 2006). The various
preparations of papaya seeds can kill helminths in-vitro and in-vivo (Krishnakumari &
Majumder, 1960; Kermanshai et al., 2001). The seed extracts contain anthelmintic
action against Ascaris lumbricoides (Dar et al., 1965) and Caenorhabditis elegans
(Kermanshai et al., 2001) due to benzyl isothiocyanate (BITC). The seeds are used as
carminative, emmenagogue, stomachic, antidyseptic, diuretics, vermifuge,
antiasthmatic treatment of ringworms and psoriasis as well as a cure for enlargement
of liver and spleen (Afolayan, 2003; Krishna et al., 2008; Rupa & Jayanta, 2013).
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2.3.2.1 Secondary metabolites of Carica papaya seed

Papaya seeds and their extracts contain secondary metabolites (phytochemical
compounds) such as benzyl isothiocyanate, carpaine (an alkaloid) and papain,
chymopapain (enzymes) (Kermanshai et al., 2001; lkram et al., 2015). Furthermore,
tannins (Marfo et al., 1986), steroids, cardioactive glycosides, triterpenoids and
flavonoids were present in the papaya seeds (Pinto et al., 2015; lkram et al., 2015).
These compounds exhibit the anthelmintic and antimicrobial activities of papaya seeds
(Krishnakumari & Majumder, 1960). Consumption of tannins has been associated with
increased milk production, ovulation rate, decreasing bloat and internal parasite load
in ruminants (Min et al., 2003). This is related to tannins improving essential amino
acids absorption from the small intestine. Tannins in papaya seed oil control bacteria,
viruses yeast and protozoa (Davidson & Branden, 1981). In addition, essential oil was

used to improve growth performance (Hong et al., 2012).

The BITC is a derivative of the enzyme myrosinase (thioglucosidase) on benzyl
glucosinolate action (Bennett et al., 1997), which occurs during the crushing of the
seeds (Tang, 1973). The BITC seems to be the principal or sole anthelmintic element
in the papaya seeds (Kermanshai et al., 2001). Treatment of ruminants with papaya
seeds has found to be harmful to intestinal microorganisms and killing nematodes
(Emeruna, 1982). Chymopapain and papain are identified as important compounds,

which are used as medicine and aid in digestion (Anibijuwon & Udeze 2009).

2.3.3. Feeding Carica papaya Linn to ruminant

The use of exogenous enzymes as an alternate natural product in animal nutrition has
improved animal production, reduce the sicknesses and death in intensive farming
systems (El Neney et al., 2015). The enzymes used as additives improve the
performance by reducing the thickness of intestinal contents and enhancing the diet
nutritive value (Barletta, 2011). Papaya latex can be used as an alternative growth
promoter and/or enhance the immune system (El Kholy et al., 2008; El Neney et al.,
2015). In addition, it may cause absorption of amino acids because of cysteine
proteinases (digestive enzymes) (El Moussaoui et al., 2001; Azarkan et al., 2003) due
to the presence of antibacterial properties. Papaya latex improved digestibility of

nutrients, absorption and intestinal morphology characteristics, this reaction can lead
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to increased feed utilization and improved performance (El Neney et al., 2015). There
is limited evidence on administration of papaya seeds to ruminant feed or milk as a

feed additive.
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CHAPTER 3

The effects of Carica papaya seed (Linn) meal on faecal pathogens population
in dairy calves and on its influence on calf performance

3.1. Introduction

Pathogens are identified as the main cause of diseases that have deleterious effects
such as diarrhoea, weight loss, renal failure and low performance in animals (Garner
& Ware, 2006). Several pathogens, singular or in combination, are etiologic agents of
sickness in calves (Barrington et al., 2002). Most of these agents are transmitted
through faecal-oral of susceptible animals. The calf's exposure to pathogens, the
weather conditions, poor hygiene, and the nutritional and immunological condition of
calves contribute to the transmission (Barrington et al., 2002). These factors resulted
in respiratory diseases and diarrhoea. Furthermore, these incidences are high in
intensive farming systems, where exposure to pathogens is greater (Callaway et al.,
2002).

Enteropathogenic bacteria for example S. aureus, E. coli and Salmonella species are
identified as the main cause of intestinal diseases (Garner & Ware., 2006). Some
hundreds of strains of E. coli are harmless and live in the intestines (O’Brien et al.,
1984; Garner & Ware, 2006). However, some strains of E. coli produce large quantities
of toxins. These toxins can cause severe distress in the small intestine and often result
in damaging the intestinal epithelium and cause extreme cases of diarrhoea. These
conditions are related to reduced body weight gain and increased death rates in cattle
production (Virtala et al., 1996). The objective of this study is to ascertain the effects
of supplementation with Carica papaya seed (Linn) meal on faecal pathogens

population in dairy calves and on its influence on calf performance.

3.2. Materials and methods

The experiment was carried out at Agricultural Research Council-Animal Production
Institute (ARC-API) dairy section in Irene, South Africa. The animal ethic committees
of both the Agricultural Research Council-Animal Production Institute, (APIEC15/038)
and University of South Africa, (2015/CAES/114) approved the research proposal and
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use of animals. Animal care was consistent with the guide for care and use of animals

in ARC policies and procedures.

3.2.1 Seed meal preparation

The Carica papaya Linn fruits were obtained from the Johannesburg fruit and
vegetable market. The fruits were cut longitudinally into two halves. The seeds were
removed by hand and then weighed before dipped in water overnight, to allow the
sarcotesta membrane to swell for easier removal. The sarcotesta membrane was
removed by squeezing the seeds between fingers. Seeds were air dried for three days
in a forced draft oven at 60 °C and thereafter ground using a blender, and stored for

further use.

Figure 3.1: The cross section of Carica papaya Linn fruit.

3.2.2. Animals and diets

Six Holstein female calves aged 6 (+ 2) days and weighing 38.7 (+ 4.7) kg body weight
(BW) were assigned to two treatments (control and Carica papaya seed meal (CPSM))
for 14 days. Calves were housed in a single pen and were fed restricted milk (3 L at

08:00 and 3 L at 14:00). Calves were provided with calf starter feed in the form of pellet
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at ad lib and had access to fresh water. The calves fed CPSM received 5 g CPSM on
day 8 and 9 of the experimental period (14 days). The chemical composition of the calf

starter pellet is shown in Table 3.1.

Table 3.1: Chemical composition of the calf starter feed.

Nutrients Amount
Dry matter, g/kg 892
Crude protein, g/kg of DM 181
Fat, g/kg of DM 35
NDF, g/kg of DM 219
ME, MJ/kg 14.3
Ca, g/kg of DM 8.1

P, g/kg of DM 5.1

"Contained a premix that supplied per kg: 3000 1U Vitamin D3, 15000 IU Vitamin A., 30 mg Vitamin. E, 125 mg
niacin, 0.15 mg Co, 10 mg Cu, 50 mg Fe, 50 mg Mn, 180 mg P, 0.15 mg Se, 50 mg Zn, 0.8 mg I, and 50 mg
antioxidant.

2Metabolisable energy calculated according to NRC (2001).

3.2.3. Feed and milk intake

Calf feed intake was determined as the difference between feed offered and feed
refusal. Intake of milk was recorded every time the milk was offered to calves. Dry feed

and milk nutrient intakes were calculated from feed and milk composition.

3.3. Measurements and sample collection

Fresh faeces were sampled from the rectum of each calf on day 7 (the day before
calves were fed CPSM) and day 10 (two days after receiving CPSM). The faecal
samples were immediately taken to the laboratory for the enumeration of coliforms, E.
coli and Enterobacteriaceae. Calves were also weighed on day 7 and 14 of the
experimental period. Intake of feed was measured daily from feed offered and refusals
and milk nutrients were calculated from feed composition. The enumeration of
coliforms was done according to ISO Standards 4832 (2006), and Enterobacteriaceae
according to ISO 21528-1 (2004). For chemical milk analyses, composite of daily milk
samples from the bulk tank were collected in the morning and evening on monthly

basis to determine fat, crude protein and lactose at Lacto Lab (Pty) (Irene).
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3.3.1. Feed sample analyses

Calf starter diet was sampled and analysed for DM by oven drying at 60 °C for 48
hours. Dried samples were ground and analysed for crude protein (CP) and ether
extract according to AOAC (2000). Calcium (Ca) and potassium (K) were determined
according to Giron, (1973). Phosphorus (P) was assayed according to AOAC (2000)
The NDF was determined according to Van Soest et al., (1991).

3.4. Statistical analyses

Data were statistically compared using independent two t-tests, recommended for
small sample size (De Winter, 2013). Statistical analyses were performed using SAS
(2014). The model was:

[r,-z, |- m

Where:

m = difference between means,

x1 = sample mean for the first sample,

X2 = sample mean for the second sample,
n1 = sample size for the first sample, and

n2 = sample size for the second sample.
The pooled sample standard deviation was calculated as:

s?2=[((n+-1) s + (n2-1) s2)/ (n1+n2-2)]

Significance was reported at p < 0.05 and tendencies at p < 0.10.
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3.5. Results
The effects of supplementing calves with CPSM on intake and faecal pathogens are

in Table 3.2 and 3.3 respectively.

Table 3.2: The effects of CPSM on feed and nutrient intake

Treatments
Parameters SEM p- values
Control CPSM
Total DMI, g/d 850 1000 0.17 0.04
Total CPI, g/d 230 250 0.03 0.04
Total fat, g/d 230 230 0.007 0.08
MEI, MJ/d 419 4.92 0.005 0.17

SEM: Standard error of mean; CPSM: Carica papaya seed (Linn) meal; DMI: Dry matter intake; CPI, Crude protein
intake; MEI: Metabolisable energy intake

Intake of dry matter and CP intake were higher (p<0.05), and fat intake tended to be
higher (p=0.08) when calves were fed CPSM compare to control calves. The MEI did

not differ between the CPSM and control calves.

Table 3.3: The effects of CPSM on faecal coliform counts (Escherichia coli and

Enterobacteriaceae)

Parameters (CFU) Treatments SEM p- values

Control CPSM

Total coliforms, cfu

Day 7 2.4 x 108 1.5 x 107 2.8 x 107 0.02
Day 10 2.6 x 108 1.7 x 108 2.9x 107 < 0.001
Escherichia coli, cfu

Day 7 2.0 x 108 1.3 x 108 5.6 x 107 0.24
Day 10 2.2 x 108 8.7 x 108 5.8 x 107 0.027
Enterobacteriaceae,

Day 7 1.3x10° 4.3 x108 4.0 x 108 0.15
Day 10 1.3 x10° 4.8 x 107 4.1x108 0.06

SEM: Standard error of mean; cfu: Colony forming unit; CPSM: Carica papaya seed (Linn) meal

The total coliforms were lower in calves fed CPSM compared to control fed calves on
day 7 and day 10. The E. coli was significantly lower (p = 0.03) in calves fed CPSM
only on day 10. The Enterobacteriacea count tended to be lower in CPSM fed calves

compared to control calves.
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The distribution of the three pathogens groups are presented in Figures 3.2; 3.3 and
3.4.
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Figure 3.2: Distribution of coliforms in calf faecal samples as affected by
supplementation with CPSM.

There was a net separation in the distribution of faecal coliforms count for control fed
calves and calves fed CPSM. Coliforms in control fed calves ranged from 2.4 x 108to

2.6 x 108 cfu, and in CPSM-fed calves it ranges from 1.5 x 107 to 1.7 x 108 cfu.
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Figure 3.3: Distribution of Escherichia coli in calf faecal samples as affected by
supplementation with CPSM.

There was also a difference in the distribution of faecal E. coli counts between control
and CPSM fed calves. The E. coli in control fed calves ranged from 2.0 x 108 to 2.2 x

108 cfu and in CPSM fed calves it ranged from 1.3 x 108 to 8.7 x 10° cfu.
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Figure 3.4: Distribution of Enterobacteriaceae in calf faecal samples as affected by

supplementation with Carica papaya seed (Linn) meal (CPSM).

The faecal Enterobacteriaceae ranged from 1.3 x 10° to 1.3 x 10° cfu in control fed
calves, and 4.3 x 108 to 4.8 x 107 cfu in CPSM fed calves, also showing a net
distribution difference. The effects of Carica papaya seed (Linn) meal on faecal

pathogens was calculated and presented in Figure 3.5.
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Figure 3.5: The effect of Carica papaya seed (Linn) meal on percentage faecal

pathogen reduction.

Supplementation of CPSM to calves resulted in 93.6; 96.1 and 96.4 % reduction

(p<0.0%5) of faecal coliforms, E. coli and Enterobacteriaceae, respectively.

3.6. Discussion

3.6.1 Dry matter and crude protein intake

In the current study, calves fed CPSM consumed more DM and CP; 1000 g/d and 250
g/d respectively than control fed calves. Farrag et al., (2013) reported improved
nutrient intake when papaya seed powder was added in the feed of calves. In addition,
calves fed papaya seed powder consumed more feed and consequently more
nutrients than control fed calves. Papaya seeds contain a proteolytic enzyme (papain),
which improves digestion of dietary protein, leading to increased intake (Krishna et al.,
2008). The addition of papain to some of the mixture of forages enhanced the
availability of protein thus reduced the cost of the forage and exploited sources of
protein (Wong et al., 1996). This happened at acid, alkaline as well as neutral medium.
In broilers fed crude papain extract from the papaya plant an increase in digestibility
and the ability of nutrients absorption was observed (Rumokoy et al., 2016). No
differences in fat and ME intake was observed in the present study. When evaluating

papain extract in chickens, Rumokoy et al., (2016) observed a tendency to increase
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intake of ME, which suggested a different mode of action in birds or it acts more
extensively and thereby affecting feed nutrient utilisation. In addition to papain, the
presence, and the ability of cysteine proteinases (digestive enzymes) in papaya latex
may also have contributed to the increased feed intake. This may be caused by
absorption of amino acids (El Moussaoui et al., 2001; Azarkan et al., 2003). In addition,
improved carbohydrate digestibility in rabbits was observed by Sequera et al. (2000)

though they are monogastric animals.

3.6.2 Enteric pathogens

Gut microbial balance is the most important factor that promotes a good health status
in calves (Tsuruta et al., 2009). It was reported that reducing the load of opportunistic
pathogens protect the gastrointestinal tract of an animal, and lowered the incidence of
intestinal and respiratory diseases (Callaway et al., 2002; Barrington et al., 2002).
Furthermore, gut microbial balance improved feed utilisation and animal performance.
Plant extracts exhibit antibacterial activities against a wide range of pathogens and
may be used as growth promoters in livestock as well as to control pathogens (Baladrin
et al., 1985; Githiori et al., 2006). Infectious bacteria such as enterophathogens, E.
coli, Salmonella and Clostridium species are main microorganisms that cause
infectious diseases (diarrhoea and pneumonia or respiratory disease). The decrease

in their numbers is an indication of a healthy gut.

In the present study, the total number coliforms, E. coli and Enterobacteriaceae were
reduced by more than 90 % after supplementation with CPSM for two days. This can
be attributed to the presence of secondary metabolites as suggested in other studies
(Osato et al., 1993; Githiori et al., 2006). This is supported by (Panse & Paranjpe,
1943; Kermanshai et al., 2001), who observed that papaya seeds contain bioactive
compounds such as BITC, carpaine (an alkaloid) and carpasemine, which attributes
to the antimicrobial and anthelmintic properties of the seeds (Osato et al., 1993). The
BITC is reported to be bacteriostatic against B. subtilis, Enterobacter cloacae, E. coli,
Salmonella typhi, S. aureus, and Proteus vulgaris (Osato et al, 1993). The
anthelmintic properties of papaya plant against some parasites were attributed to the

presence of secondary metabolites (Githiori et al., 2006).
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In the present study, the number of faecal coliforms, E. coli and Enterobacteriaceae
were significantly reduced after 5 g of CPSM were added to the feed for two
consecutive days. This indicated that Carica papaya seeds reduced the number of

pathogens due to the presence of antibacterial properties.

3.7. Conclusion

The current study investigated the effects of CPSM on faecal bacteria in calves. The
results of this study showed significant reduction of bacteria and increases DMI and
CPI, supporting the hypothesis. This support the finding on effects of pathogenic feeds
on animals and human to maintain health and performance as well as to inhibit

pathogenic bacteria colonization of the digestive tract.

The development of many diseases occurred during the early life of calf involve
increased in number of pathogenic bacteria. This resulted in high losses of calves.
Thus, CPSM can be considered as an alternative to antibiotics due to its positive
effects on inhibiting pathogens. Furthermore, effects of reducing faecal pathogens with
CPSM suggested a healthy gut environment, consequently enhanced intake of dry
matter. Eventually increased the utilization of feed nutrients and improved calf growth

performance. Consequently, this improved animal health and production.

The recommendation is to evaluate the interaction among graded levels of CPSM and

different periods for a long term on health and performance of calves.
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CHAPTER 4
The effects of supplementation with Carica papaya seed (Linn) meal on feed
intake and growth of Jersey calves.

4.1. Introduction

In the dairy industry calves are more susceptible to diseases early in life due to
inadequate colostrum, and low feed intake resulting in a retarded growth rate (Davis
& Drackley, 1999). Increased calf digestive disorders negatively affect health, nutrient
absorption and consequently calf growth performance. It is vital to minimise the
occurrence of gut infections in calves because when animals are sick during this stage
their succeeding growth stages will be retarded eventually affecting the animal
production (Rosmini et al., 2004). Optimum pathogens in the gut results in good
health, positively effects feed utilisation and growth (Tsuruta et al., 2009). The
diseases are identified as the main effect on financial viability in cattle farming due to
high death, high cost of medication and poor performance of calf (Postema et al.,,
1987).

Calves are fed antibiotics, probiotics and non-antimicrobial feed additives in feeds to
reduce the occurrence of infectious sickness and to improve animal performance
(Galvéo et al., 2005). Carica papaya seeds and their extracts might contain adequate
antibacterial and anthelmintic properties that may be used for the treatment of the
bacterial infections and as growth promoters (Baladrin et al., 1985). The objective of
this study is to determine the effects of supplementation with C. papaya seed (Linn)

meal on feed intake, growth and structural body parameters of suckling Jersey calves

4.2. Materials and methods

The experiment was conducted at the calf-rearing section of the Bethel Agricultural
College in Butterworth, Eastern Cape (South Africa). The Ethical approvals were
obtained as mentioned in Chapter 3. The preparation of C. papaya (Linn) seeds meal
is similar to the method explained in the first experiment (Chapter 3; Section 3.2.1).
Animal care was consistent with the policies and procedures for the care and use of

animals in ARC.
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4.2.1. Animals and experimental design

Eighteen Jersey calves 22.2 + 1.49 kg BW were blocked based on birth weight and
sex. All calves were randomly assigned at birth to one of the three treatments (four
females and two males per treatment group). Treatments were a control group (con)
(not supplemented: control), a group that received 5 g/d (3.2 x108 cfu) of Lactobacillus
acidophilus (Lact) and a group that received 5 g/d of Carica papaya seed meal
(CPSM). Immediately after birth, the calves were hand-fed 2 L of milk with colostrum
from their dams within 4 hours after birth and another 2 L within 12 hours after birth.
The same amount of milk from the dams was fed to calves for three consecutive days
in the morning (08:00) and afternoon (14:00). Carica papaya seed meal (5 g) and
Lactobacillus acidophilus (Lact) (5 g) were added to whole milk from day four and
bottle-fed to calves only in the morning before suckle from the dams. All calves were
allowed to suckle from the dams three times a day (at 08:00; 12:00 and 17:00). From
day 4 a commercial calf starter in pellet form was added in their diets (Table 3.1;
Section 3.2.2) and fresh water ad-libitum. Animals were closely monitored for clinical

signs of diarrhoea or other metabolic problems.

4.2.2. Housing and calves’ management

After three days of milk with colostrum from the dams (2 L at 08:00 and 2 L at 14:00),
CPSM and Lact (Biorem, South Africa) were separately added to whole milk from day
4. Calves were bottle-fed before allowed to suckle from their respective dams three
times a day (08:00; 12:00 and 17:00) for 30 minutes. A commercial calf starter feed
and fresh water were available ad libitum starting from day 4 of age until weaning at
42 days of age. Calves were treated with Wound Sept-plus (Oberon Pharma) for three
days after birth to prevent infections. All calves that showed signs of illness were
separated from others and treated until recovered. Special care was taken to provide
clean milk and water to the calves. Milk bottles and teats were washed and immersed
in boiled water before milk feeding. After suckling from the dams, calves were moved
back into their pens (roofed shelter). The pen floor was made of concrete, rubber mats

and fodder hay functioned as bedding.
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4.3 Parameters measured
4.3.1. Calf intake and body weight
Daily calf starter intake was determined from amount fed minus orts, and recorded.

Calves were weighed at birth and every seventh day until weaning.

4.3.2 Growth parameters
Growth parameters: body weight (BW), heart girth (HG), hip width (HW), hip height
(HH) and shoulder height (SH) were measured at birth and every seventh day
thereafter to determine overall tissue and skeletal growth. For BW, a mechanical
spring dial hoist scale with accuracy to the nearest 200g (<20 kg) or the nearest 500g
(>50 kg) was used. Remaining growth measurements were done with a measuring
tape to the nearest 5 mm.
e Shoulder height: the distance from the ground measured around the peak of the
shoulder blades.
¢ Hip height: the distance from the ground directly over the point of the hip with the
calf standing on level ground.
¢ Hip width: the widest point at the centre of the stifle.

o Heart girth: the distance around chest directly under the armpits.

4.4 Feed sample analyses

These analyses were conducted as mentioned in Chapter 3, Section 3.3.1.

4.5 Statistical analyses

Data were analysed as repeated measures using the PROC MIXED model of SAS
(SAS Institute, 2014). Parameters were pooled on weekly basis for analyses. The
statistical model included calf as a random effect, and experimental group and its

interaction with time as a fixed effect. The statistical model used was:

Yegt =+ ag + Bt + (ap)gt + y(a)cg + ecgt,

Where Ycgt = an observation value for parameters measured from calf ¢ from group
g attime ¢
u = overall mean for the population;

ag = fixed effect of group g, where g = control or CPSM group;

30



Bt = fixed effect of time t

(aB)gt = fixed interaction of effect of group g and time ¢

y(a)cg = random effect of calf ¢ nested within group g; and

ecgt = error associated with measurements taken from calf ¢ from group g at time t.

Significance will be accepted if p<0.05 and tendencies at p<0.10.

4.6. Results

The average of DMI, BW, DMI/BW and BWG of calves was not significant among
treatments in six weeks, 305.4 g/d; 39.4 kg; 7.7 g/d per BW and 32.1 kg, respectively
(Table 4.1). The initial BW did not differ among calf groups 22.2 + 1.49 kg, but the
weaning BW was significantly higher (p<0.05) for calves fed CPSM compared to
control fed calves and was similar between calves fed Lact and control calves. Calves
in Lact and CPSM groups had similar ADG and HG, which were higher (p<0.05) than
control calves. Calves in CPSM treatment had higher (p<0.05) HW and SH than
control fed calves, but the HW were similar between Lact and other treatments. The
HH was higher (p<0.05) in Lact treatment than the rest of treatments, but did not differ
between Control and CPSM. There were significant effects of time (p<0.001) for starter
DMI (g/d and g/d BW), ADG and all structural body parameters. Furthermore, the
interaction effects (p<0.05) between time and treatments for starter DMI (g/d and g/d
BW), ADG and HG were observed. The results of calf starter dry matter intake are

presented in Figure 4.1.
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Table 4.1: Starter feed intake, live weight and structural growth parameters of control

calves, calves fed Lactobacillus acidophilus (Lact) and Carica papaya seed meal

(CPSM)
Treatments Effect of
Parameters SEM Treatment
Control Lact CPSM Time _
X Time
Starter DMI, g/d 298.7 3204 2971 18.02  <0.001 0.43
Av BW, kg 37.5 40.7 40 1.2 - -
DMI/BW, g/d/BW 7.9 7.9 7.4 0.4 <0.001 0.04
Initial BW, kg 24.7 21.2 20.7 1.49 - -
BWG, kg 26.6° 34.002 35582 2 - -
Weaning BW, kg 51.2b 5463 56.72 2.29 - -
ADG, kg 0.63° 0.812 0.852 2 <0.001 0.034
HG, mm 75.2° 77.7° 77.62 0.53 <0.001 0.04
HW, mm 76.6° 78.2%  79.72 0.94  <0.001 0.94
HH, mm 72.4° 75.12 72.4b 0.56  <0.001 0.06
SH, mm 65.1° 63.9%  66.82 0.85  <0.001 0.08

SEM: Standard error of mean; ADG: Average daily weight gain; DMI: Dry matter intake; DMI/BW: Dry matter intake
per body weight; BW: Body weight; BWG: Body weight gain; HG: Heart girth; HW: Hip width; HH: Hip height; SH:

Shoulder height

a.b Means in the same row with different superscripts are significantly different (p<0.05)

All calves increased intake of starter DM (Figure 4.1) from week 1 to week 6. The feed

consumed at weaning stage was approximately three times more than the first week.

The DMI did not differ among treatments during week 3; 5 and 6 and averaged, 259.70;

427.0 and 495.1 (g/d), respectively. Calves fed Lact consumed more feed than all

other calves during week 1, but in week 2 and 4, they had higher (p<0.05) DMI than
those fed CPSM, but did not differ with control calves.
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Figure 4.1: Daily dry matter intake of control fed calves, calves fed Lactobacillus
acidophilus (Lact) and Carica papaya seed meal (CPSM) during six weeks.

Calves BW increased from birth to weaning are presented in Figure 4.2. Birth weight
of calves did not differ amongst control; Lact and CPSM treatments and averaged
24.7; 20.7 and 21.2 (kg), respectively. The body weight gain of calves did not change
among treatments in week 1. In week 3 and 4 calves fed Lact had higher (p<0.05) BW

than control calves, but did not differ with CPSM fed calves. No difference in BW was
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observed in week 5. In week 6, body weight of Lact fed calves was higher than the

control fed calves, but no difference was observed between CPSM fed calves.
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Figure 4.2: Weekly body weight (BW) parameters of control fed calves, calves fed
Lactobacillus acidophilus (Lact) and Carica papaya seed meal (CPSM).

The ADG (Figure 4.3) showed that all calves gained the most weight in week 2 and
this was the highest ADG. After week 2 the ADG decreased as the age progressed
and reached the lowest value in the last week (week 6) before weaning. During the
first week, Lact and CPSM fed calves gained similar weight (0.8 kg/d), which was
higher compared to control fed calves (0.70 kg/d). No difference in ADG was found in
week 2, where all calves gained an average of 0.90 kg/d. In week 3 calves that
received Lact had higher ADG (0.80 kg/d) than the other groups (control and CPSM)
where the ADG average was 0.66 kg/d. In week 4, calves fed Lact and CPSM had
similar ADG (0.74 kg/d) which was higher than control fed calves (0.63 kg/d). No

differences were observed in week 5, but the ADG of Lact and CPSM fed calves
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remained numerically higher than control calves. In week 6 the ADG of calves fed

CPSM (0.69 kg/d) was higher than the Lact and control groups (0.54 and 0.52 kg/d)
respectively.
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Figure 4.3: Average daily gain (kg/d) of control fed calves, calves fed Lactobacillus
acidophilus (Lact) and Carica papaya seed meal (CPSM).

The results on the change in body structural parameters are presented in the Table
4.2. No differences were observed for all initial (week 0) and final (week 6) structural

parameters measured in all groups. From week 1 to 5, the HG of Lact and CPSM fed
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calves were higher (p<0.05) than the control. The HW was higher for calves fed CPSM
than control fed calves from week 2 to week 4, but did not differ between Lact fed

calves, and in week 3 Lact and CPSM fed calves did not differ.

Table 4.2: Weekly measurements of structural growth parameters of control calves,

calves fed Lactobacillus acidophilus (Lact) and Carica papaya seed meal (CPSM).

Parameters Treatments SEM
Control Lact CPSM

Heart girth (cm)
Week 0 64.58 65.75 66.58 0.95
Week 1 69.41° 72.61° 72.562 0.77
Week 2 71.88P 76.032 76.302 0.71
Week 3 74.30° 78.582 78.782 0.99
Week 4 76.60° 81.162 80.952 0.61
Week 5 81.18° 83.322 82.552 0.57
Week 6 86.66 86.56 85.70 0.68

Hip width (cm)
Week 0 67.16 67.38 68.16 0.99
Week 1 70.71 71.95 73.12 1.21
Week 2 73.07° 75.702%° 78.322 1.43
Week 3 74.78° 78.982 81.202 1.16
Week 4 78.61° 81.182 83.682 1.44
Week 5 83.02 83.60 84.15 1.50
Week 6 87.53 88.63 89.70 1.43

Hip height (cm)
Week 0 67.20 67.32 65.67 0.85
Week 1 68.83 70.55 69.16 0.67
Week 2 70.01° 73.542 70.55P 0.67
Week 3 71.80P 75.982 72.13° 0.73
Week 4 73.30° 77.752 74.68° 0.68
Week 5 76.67° 79.322 76.75° 0.66
Week 6 78.86 80.85 78.15 0.95

Shoulder height (cm)

Week 0 54.60 54.48 54.33 1.29
Week 1 57.76° 56.05P 60.882 0.97
Week 2 63.73°2 59.31P 63.962 1.09
Week 3 65.11° 63.86° 67.962 0.91
Week 4 67.93% 66.56° 71.482 1.23
Week 5 71.40 72.50 73.56 1.15
Week 6 74.91 75.12 75.23 1.04

a.b Means in the same row with different superscripts are significantly different (p<0.05)

The HH was higher for calves fed Lact than control and CPSM fed calves from week
2 to week 5, but did not differ between control and CPSM fed calves. The SH was
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higher for calves fed CPSM than control and Lact fed calves in week 1 and week 3. In
week 2, the SH of control fed calves was similar to calves fed CPSM, averaging 63.85
cm and higher than Lact fed calves (59.31cm). In week 4, the calves fed CPSM had
higher SH than calves fed Lact, but no differences was observed between control and

Lact fed calves.

4.7 Discussion

Milk intake was not measured, but all calves were left to suckle from their respective
dams for the same duration (30 minutes) for each feeding. Therefore, the intake of
milk was assumed to be similar for all calves, and differences that may have occurred
between calves were considered non-significant. Calves in all three treatments (Con,
Lact and CPSM) consumed the same quantity of calf starter. However, all calves fed
Lact and CPSM treatments increased BWG and ADG. These calves gained 28.6
(Lact) and 34,9 % (CPSM) more weight weekly resulted in average of 6.0 kg heavier
in final weight compared to control fed calves. In the current study, feeding probiotics
and CPSM increased feed efficiency and the average daily gain of the calves, although
milk and starter consumption was not influenced. Sun et al., 2005; Teo & Tan, 2005

also reported that probiotics increased feed efficiency and average daily gain.

Calves that received CPSM consumed less starter dry feed than all other groups, but
the weight gain and final weight of CPSM fed calves were higher than other treatment
groups. The CPSM fed calves had an improvement from week 3 to 4 and subsequently
remained constant compared to the other treatments which had a decline until the end
of the experiment (six weeks). Furthermore, calves improved ADG from week 3 until
the end of the experiment (6 week). This might be due to time needed by calves to
adapt to the additives before showing the effects. A week before (week 5) weaning
calves fed CPSM gained 0.69 kg/d while Lact and control groups gained 0.54 and 0.52
kg/d respectively. Study by Farrag et al., (2013) reported that papaya seed meal at
different levels significantly increased growth performance and feed utilization. In the
current study, the ADG of control and Lact calves decreased around weaning, as
reported in other studies (Jasper & Weary, 2002; Terré et al., 2006). The decrease of
ADG seven days before weaning is believed to be associated with the decrease in
energy and protein intake when milk quantity was reduced before weaning. However,

CPSM calves maintained their ADG, which is of great benefit in early weaning system
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of calves. This might be attributed with the nutritional composition present in the
papaya seeds. This is confirmed by Marfo et al., (1986) & Krishna et al., (2008) who
observed that papaya seeds are rich sources of nutrients. Early weaning is always
recommended in the cattle industry to save costs and increase profit, but more often

resulted in depressed growth performance after weaning (Sun et al., 2010).

Control and Lact fed calves consumed more starter feed than CPSM fed calves, but
their weight gained and final weight were lower. Previous studies emphasised that the
importance of probiotic supplements to young and stressed calves is to establish and
maintain intestinal microbial balance rather than production (i.e., gain, feed intake and
efficiency) stimulants (Krehbiel et al., 2003; Malik & Bandla, 2010). Timmerman et al.,
(2005) and Cruywagen et al., (1996) observed that administration of L. acidophilus
positively affected growth performance after birth. In the current study, the growth-
promoting effects of probiotics did not persist for long while treatment was continued.
It is suggested that possibly after administering the probiotics, calves were adapted to
change in diet and other environmental factors. Therefore, probiotic treatments
become less effective after a certain period of administration. The positive effects of
probiotics on growth performance of calves may only be present when their health
status has improved. The results of supplementing with probiotic on body weight and
growth have been controversial. The results by Bernardeau et al., (2006) indicated
that animals treated with L. acidophilus strains shown significant increased BWG.
However, others shown to be species dependent and some species had negligible

effects on body weight or reduced it (Million et al., 2012).

This net improvement of calf ADG with feeding CPSM is similar to the observation of
Farrag et al., (2013). The feeding of papaya seed powder for 45 days had positive
results on ADG compared to control. In addition, the rate of growth expressed as the
percentage increase in body size was the highest in the papaya seed fed calves.
According to Osato et al., (1993) and Farrag et al., (2013) the improvement in growth
performance caused by papaya seed powder is related to its bacteriostatic effects
against several gram positive and gram negative organisms. Furthermore, Carica
papaya seeds contain numbers of bioactive compounds that have anthelmintic
(Kermanshai et al., 2001), and antiparasitic activities (Hounzangbe-Adote et al., 2005)

that prevent the establishment of opportunistic pathogenic bacterial populations in the
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gut. Another consideration is that the growth can also be attributed to improved
nutrient utilisation due to increased nutrient digestibility and improved ruminal
fermentation activities (Muya et al., 2015). Krishna et al. (2008) indicated that papain
in papaya seeds increased protein digestibility, which is positively related to calf
growth rate, because maintenance requirements for protein are negligible. Although
the ADG of all calves decreased from week 2, the decrease was more pronounced in
Lact and control fed calves. From week 2 to 3, in the control group, ADG decreased
by approximately the double the ADG of the rest of the treatments. The CPSM and

Lact fed calves gained 8 % more BW per kg of feed consumed than control calves.

The structural body growth of all treatments calves did not differ in the first week after
birth, but significantly changed from week 2 to 5, in Lact and CPSM fed calves. This
confirmed the better body growth and body condition score. The structural body growth
of all calves during the last week before weaning declined steadily in the present study,

and it is in agreement with Kertz et al., (1998).

A study by Lee et al. (2000) indicated that gastrointestinal tract of young ruminants at
birth is physiologically immature compared with that of adult ruminants. The growth is
stimulated when young calves consumed starter feed and water at early age. Quigley
etal. (2001) indicated that provision of sufficient water and dry feed, particularly starter
influenced the ruminal development and growth of bacteria. This influenced by
butyrate production known as the most stimulatory of the VFAs produced in regards

to development of papillae (Tamate et al., 1962; Muya et al., 2015).

4.8 Conclusion

The present study demonstrated that Carica papaya seed (Linn) meal and L.
acidophilus gave similar results on increased animal performance by improving
average daily gain and feed efficiency of calves during the pre-weaning period. Further
studies are needed to ascertain the effects of additive graded levels on animal

performance and feed utilization of calves.
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CHAPTER 5

GENERAL CONCLUSION
In the current project, two studies were performed to investigate the effects CPSM on
faecal pathogens and growth performance of dairy calves.

Most problems that affect growth performance of calves are associated to poor

digestion and compromised nutrient absorption because pathogenic colonization of

bacteria. Supplementing with CPSM can be considered as a supplement to prevent
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the prevalence of diseases such as diarrhoea, which are mainly caused by pathogens
colonized on the digestive tract. The effects of L. acidophilus on stabilizing rumen
bacterial population and preventing colonisation of pathogens can be considered as
the main cause of growth improvement observed in the current study. The L.
acidophilus will continue to play a role in calves. Carica papaya seed meal can also
be considered for reducing the load of pathogens of the digestive tract, and reduce the
prevalence of infectious diseases. Additionally, Carica papaya seed meal may be an

alternative to the use of antibiotics as a growth promoter in calves.

The first study showed that feeding Carica papaya seed meal on dairy calves early
after birth reduced the faecal count of coliforms, E. coli and Enterobacteriaceae, and
increased total dry matter and nutrient intake. These results suggested that papaya
seeds possess anthelmintic and antimicrobial properties against the gut pathogens as
observed in several other studies. Consequently, a better utilisation of feed nutrients
from both calf starter feed and milk was observed. The second study showed that the
average daily gain of weight was improved. The CPSM resulted to heavier calves at
weaning age (42 days). Feeding L. acidophilus also improved growth but showed
lower feed efficiency than CPSM. These results showed the benefits of CPSM on
young calves, as they are more susceptible to infectious diseases, by minimizing

pathogenic bacteria colonization of the digestive tract.

However, further research is warranted to document effects of feeding CPSM on
calves when feeding measured milk, effects on blood parameters and long-term
effects.
REFERENCES

Afolabi, O.A., Oshuntogun, B.A., Adewusi, S.R., Fapojuwo, O.0., Ayorinde, F.O.,
Grissom, F.E. & Oke, O.L., 1985, Preliminary nutritional and chemical evaluation of
raw seeds from Mucuna solanei: An underutilized food source, Journal of Agricultural
and Food Chemistry, 33(1), pp.122-124.

Afolayan, A. J., 2003, Extract from the shoots of Arctotis artototdes inhibit the growth
of bacterial and fungi, Pharmaceutical Biology, 41, pp. 22-25.

41



Anderson, D.R., Atkinson, P.H. & Grimes, W.J., 1985, Major carbohydrate structures
at five glycosylation sites on murine IgM determined by high resolution 'H-NMR

spectroscopy, Archives of Biochemistry and Biophysics, 243(2), pp. 605-618.

Anibijuwon, I.I. & Udeze, A.O., 2009, Antimicrobial activity of Carica papaya (pawpaw
leaf) on some pathogenic organisms of clinical origin from South-Western Nigeria,
Ethnobotanical Leaflets, 7, pp. 1-13.

AOAC (Association of official analytical chemistry), 2000, Official methods of analysis
of AOAC International, Arlington-USA.

Applegate, T.J., Klose, V., Steiner, T., Ganner, A. & Schatzmayr, G., 2010, Probiotics
and phytogenics for poultry: Myth or reality? The Journal of Applied Poultry Research,
19(2), pp.194-210.

Arguello, A., Castro, N., Zamorano, M.J., Castroalonso, A. & Capote, J., 2004, Passive
transfer of immunity in kid goats fed refrigerated and frozen goat colostrum and

commercial sheep colostrum, Small Ruminant Research, 54(3), pp. 237-241.

Azarkan, M., El Moussaoui, A., Van Wuytswinkel, D., Dehon, G. & Looze, Y., 2003,
Fractionation and purification of the enzymes stored in the latex of Carica papaya,
Journal of Chromatography B, 790(1), pp. 229-238

Baladrin, N.F., Klocke, J.A., Wurtle, E.S. & Bollinger, W.H., 1985, Natural plant
chemicals: Sources of industrial and medical materials, Journal of Science, 228, pp.
1154-1660.

Baldwin, R.L., McLeod, K.R., Klotz, J.L. & Heitmann, R.N., 2004, Rumen development,
intestinal growth and hepatic metabolism in the pre-and post-weaning ruminant,
Journal of Dairy Science, 87, pp. E55-E65.

Barletta, A., 2011, Introduction: Current market and expected development, In
Enzymes in farm animal nutrition, Bedford, M.R. and Partridge, G.G., (eds), 2" Ed,
CAB International, London, pp. 1-11.

Barrington, G.M., Gay, J.M. & Evermann, J.F., 2002, Biosecurity for neonatal
gastrointestinal diseases, Veterinary Clinics of North America: Food Animal Practice,
18(1), pp. 7-34.

42



Bartels, C.J., Holzhauer, M., Jorritsma, R., Swart, W.A. & Lam, T.J., 2010, Prevalence,
prediction and risk factors of enteropathogens in normal and non-normal faeces of

young Dutch dairy calves, Preventive Veterinary Medicine, 93(2), pp. 162-169.

Bennett, R.N., Kiddle, G. & Wallsgrove, R.M., 1997, Biosynthesis of benzylglucosino-
late cyanogenic glucosides and phenylpropanoids in Carica papaya, Phytochemistry
45 (1), pp. 59-66.

Bernardeau, M., Guguen, M. & Vernoux, J.P., 2006, Beneficial Lactobacilli in food and
feed: Long-term use, biodiversity and proposals for specific and realistic safety
assessments, FEMS Microbiology Reviews, 30(4), pp. 487-513.

Bhat, S.A., Juyal, P.D., Singh, N.K. & Singla, L.D., 2013, Coprological investigation on
neonatal bovine cryptosporidiosis in Ludhiana, Punjab, Journal of Parasitic Diseases,
37(1), pp. 114-117.

Bahler, C., Hammon, H., Rossi, G.L. & Blum, J.W., 1998, Small intestinal morphology
in eight-day-old calves fed colostrum for different durations or only milk replacer and
treated with long-R3-insulin-like growth factor | and growth hormone, Journal of Animal
Science, 76(3), pp. 758-765.

Butler, J.E., 1983, Bovine immunoglobulins: an augmented review, Veterinary

Immunology and Immunopathology, 4, pp. 43-152.

Callaway, T.R., Anderson, R.C., Genovese, K.J., Poole, T.L., Anderson, T.J., Byrd,
J.A., Kubena, L.F. & Nisbet, D.J., 2002, Sodium chlorate supplementation reduces E.
coli O157: H7 populations in cattle, Journal of Animal Science, 80(6), pp. 1683-1689.

Chaucheyras-Durand, F. & Durand, H., 2009, Probiotics in animal nutrition and health,

Beneficial Microbes, 1(1), pp. 3-9.

Chesworth, J.M., Stuchbury, T. & Scaife, J.R., 2012, An introduction to agricultural
biochemistry, Chapman and Hall, London-UK.

Chocht, M., 2009, Managing gut health through nutrition, British Poultry Science,
50(1), pp. 9-15.

Clapp, H.J., 1981, What height and weight should your heifer be? Holstein and Brown
Swiss, Hoard’s Dairyman, (8), pp. 1250-1251.

43



Collado, M.C., Meriluoto, J. & Salminen, S., 2007, Measurement of aggregation
properties between probiotics and pathogens: in vitro evaluation of different methods,
Journal of Microbiological Methods, 71(1), pp. 71-74.

Corbett, R.B., 1991, Nutrition of the dairy calf part 1: colostrum, Dairy World, 5, pp. 4-
7.

Coverdale, J.A., Tyler, H.D., Quigley, J.D. & Brumm, J.A., 2004, Effect of various
levels of forage and form of diet on rumen development and growth in calves, Journal
of Dairy Science, 87(8), pp. 2554-2562.

Cruywagen, C.W., Jordaan, |. & Venter, L., 1996, Effect of Lactobacillus acidophilus
supplementation of milk replacer on pre-weaning performance of calves, Journal of
Dairy Science, 79, pp. 483-486.

Cullor, J.S., 1995, Implementing the HACCP program on your client's dairies,
Veterinary Medicine, 90, pp. 290-295.

Dakare, M.A., Ameh, D.A. & Agbaji, A.S., 2011, Biochemical assessment of
‘Daddawa’food seasoning produced by fermentation of pawpaw (Carica papaya)
seeds, Pakistan Journal of Nutrition, 10(3), pp. 220-223.

Dar, R.N., Garg, L.C., & Pathak, R.D., 1965, Anthelmintic activity of Carica papaya
seeds, Indian Journal of Pharmacy, 27, pp. 335-336.

Davidson, P.M., & Branden, A.L., 1981, Antimicrobial activity of non-halogenated
phenolic compounds, Journal of Food Protection, 44(8), pp. 623-632.

Davis, C.L., & Drackley, J.K., 1999, The Development, nutrition and management of

the young calf, Lowa State University Press, Ames, IA, USA.

De Winter, J.C., 2013, Using the student's t-test with extremely small sample sizes,

Practical Assessment, Research & Evaluation, 18(10), pp. 1-12.

Diaz, M.C., Van Amburgh, M.E., Smith, J.M., Kelsey, J.M. & Hutten, E.L., 2001,
Composition of growth of Holstein calves fed milk replacer from birth to 105-kilogram
body weight, Journal of Dairy Science, 84(4), pp. 830-842.

44



Donovan, G.A., Dohoo, |.R., Montgomery, D.M. & Bennett, F.L., 1998, Associations
between passive immunity and morbidity and mortality in dairy heifers in Florida, USA,

Preventive Veterinary Medicine, 34(1), pp. 31-46.

Drackley, J.K., 2008, Calf nutrition from birth to breeding, Veterinary Clinics of North
America: Food Animal Practice, 24(1), pp. 55-86.

Drackley, J.K., Bailey, K.L., Bartlett, K.S., & Blome, R.M., 2004, Supplemental of 1 %
L-glutamine to milk replacer does not overcome the growth depression in calves

caused by soy protein concentrate, Journal of Dairy Science, 89(5), pp. 1688-1693.

El Kholy, K.H., Zeedan, K.I., El Neney, A.M., Zeedan, 1.0. & EI Hakim, A.A., 2008,
Study on the optimal crude papaya latex content of growing rabbit diet under summer
conditions: Effects on growth performance and immune status, International Journal
of Poultry Science, 7(10), pp. 978-983.

El Moussaoui, A., Nijs, M., Paul, C., Wintjens, R., Vincentelli, J., Azarkan, M. & Looze,
Y., 2001, Revisiting the enzymes stored in the laticifers of Carica papaya in the context
of their possible participation in the plant defence mechanism, Cellular and Molecular
Life Sciences, 58(4), pp. 556-570.

El Neney, B., Awadien, N.B. & Ebeid, T.A., 2015, The productive performance and
immunological traits of local chicken strain by using natural enzymes (plant papain)
and remnants of plant papaya. Effect of papaya latex on laying period, Egyptian

Poultry Science Journal, 35(1), pp. 1-24.

Emeruna, A.C., 1982, Antibacterial substance from Carica papaya fruit extract, Journal
of Natural Products, 45(2), pp.123-127.

Faber, R., Hartwig, N., Busby, D. & BreDahl, R., 2000, The costs and predictive factors
of bovine respiratory disease in standardized steer tests, Lowa State University-USA,
Beef Research Report 1999, 24.

Farrag, F.H., Khalil, F.F., Mehrim, A.l. & Refaey, M.\M.A., 2013, Pawpaw (Carica
papaya) seeds powder in Nile tilapia (Oreochromis niloticus) diets: 1-growth
performance, survival, feed utilization, carcass composition of fry and fingerlings,
Journal Animal and Poultry Production, 4(6), pp. 363-379.

45



Ferreira, A.D. & Viljoen, B.C., 2003, Yeasts as adjunct starters in matured Cheddar
cheese, International Journal of Food Microbiology, 86(1), pp. 131-140.

Foley, J.A. & Otterby, D.E., 1978, Availability, storage treatment composition and
feeding value of surplus colostrum: A review, Journal of Dairy Science, 61(8), pp.
1033-1060.

Fourichon, C., Beaudeau, F. & Seegers, H., 1997, Critical points related to housing
and management in control programmes for calf morbidity and mortality In French
Dairy Herdserds, IXth International Congress on Animal Hygiene, Helsinki, Finland,
pp. 32-35.

Frank, N. A. & Kaneene, J.B., 1993, Management risk factors associated with calf

diarrhea in Michigan dairy herds, Journal of Dairy Science, 76(5), pp. 1313-1323.

Galvao, K.N., Santos, J.E., Coscioni, A., Villasenor, M., Sischo, W.M. & Berge, A.C.B.,
2005, Effect of feeding live yeast products to calves with failure of passive transfer on
performance and patterns of antibiotic resistance in faecal Escherichia coli,

Reproduction Nutrition Development, 45(4), pp. 427-440.

Garner B. E. & Ware D.R., 2006, Compositions and methods for inhibiting pathogenic
growth, U.S. Patent Application: 7,063,836, pp. 1-12.

Gay, C.C., 1983, Failure of passive transfer of colostral immunoglobulins in neonatal
disease in calves: A review proceeding, 4™ international symposium, neonatal
Diarrhoea veterinary, Saskatoon-Canada, Journal of Infectious Diseases, 4, pp. 346-
364.

Giannenas, |., Florou-Paneri, P., Papazahariadou, M., Christaki, E., Botsoglou, N.A.
& Spais, A.B., 2003, Effect of dietary supplementation with oregano essential oil on
performance of broilers after experimental infection with Eimeria tenella, Archives of
Animal Nutrition, 57(2), pp. 99-106.

Giron, H.C., 1973, Comparison between dry ashing and wet digestion in the
preparation of plant material for atomic absorption analysis, Atomic Absorption
Newsletter, 12, pp. 28-29.

46



Githiori, J.B., Athanasiadou, S. & Thamsborg, S.M., 2006, Use of plants in novel
approaches for control of gastrointestinal helminths in livestock with emphasis on

small ruminants, Veterinary Parasitology, 139(4), pp. 308-320.

Grosvenor, C. E., Picciano, M.F. & Baumrucker, C.R., 1993, Hormones and growth

factors in milk, Endocrine Reviews, 14(6), pp. 710-728.

Guilloteau, P., Huérou-Luron, I.L., Chayvialle, J.A., Toullec, R., Zabielski, R. & Blum,
J.W., 1997, Gut regulatory peptides in young cattle a nd sheep, Transboundary and
Emerging Diseases, 44(1-10), pp.1-23.

Gulliksen, S.M., Jor, E., Lie, K.l., Hamnes, |.S., Loken, T., Akerstedt, J. & @steréas, O.,
2009, Enteropathogens and risk factors for diarrhoea in Norwegian dairy calves,
Journal of Dairy Science, 92(10), pp. 5057-5066.

Habib, G., Hameed, A. & Akmal, M., 2007, Current feeding management of peri-urban
dairy buffaloes and scope for improvement, Veterinary Journal, Pakistan, 27(1), pp.
35-41.

Hein, W.R., 1994, Ontogeny of T-cells, in Bruno M.L., Goddeeris, & Morrison W.I
(eds), Cell-mediated Immunity in Ruminants, CRC Press, Tokyo. Heinrichs, J. &
Lesmeister, K.E., 2005, Rumen development in the dairy calf, Advances in Dairy
Technology, 17, pp. 179-187.

Hodgson, P.D., Aich, P., Manuja, A., Hokamp, K., Roche, F.M., Brinkman, F.S.L.,
Potter, A., Babiuk, L.A. & Griebel, P.J., 2005, Effect of stress on viral-bacterial synergy
in bovine respiratory disease: novel mechanisms to regulate inflammation,

Comparative and Functional Genomics, 6(4), pp. 244-250.

Holland, B.P., Burciaga-Robles, L.O., VanOverbeke, D.L., Shook, J.N., Step, D.L.,
Richards, C.J. & Krehbiel, C.R., 2010, Effect of bovine respiratory disease during pre-
conditioning on subsequent feedlot performance, carcass characteristics, and beef
attributes, Journal of Animal Science, 88(7), pp. 2486-2499.

Holmes, C.W & Davey, AW.F., 1976, The energy metabolism of young Jersey and
Friesian calves fed fresh milk, Animal Production, 23(1), pp. 43-53.

47



Hong, J.C., Steiner, T., Aufy, A. & Lien, T.F., 2012, Effects of supplemental essential
oil on growth performance, lipid metabolites and immunity, intestinal characteristics,

microbiota and carcass traits in broilers, Livestock Science, 144(3), pp. 253-262.

Hounzangbe-Adote, S., Fouraste, |., Moutairou, K & Hoste, H., 2005, In vitro effects
of four tropical plants on the activity and development of the parasitic nematode,

Trichostrongylus colubriformis, Journal of Helminthology, 79(1), pp. 29-33.

Huyghebaert, G., Delezie, E., Maertens, L., De Gussem, K. & Vereecken, M., 2010,
The impact of phytase on zootechnical performances in laying hens, broiler chickens
and turkey poults, In XXII International Poultry Symposium PB WPSA, Olsztyn 6-8

September 2010, Poster session Il.

Ikram, E.H.K., Stanley, R., Netzel, M. & Fanning, K., 2015, Phytochemicals of papaya
and its traditional health and culinary uses-A review, Journal of Food Composition and
Analysis, 41, pp. 201-211.

ISO (International standard) 21528-1., 2004, General guidance for the enumeration of
enterobacteriaceae, Microbiology, Colony count technique, International Organisation

for Standardisation, Switzerland.

ISO (International standard) 4832., 2006, General guidance for the enumeration of
coliforms and E. coli, Microbiology, Colony count technique, International Organisation

for Standardisation, Switzerland.

Jaiswal, S., Duffy, B., Jaiswal, A.K., Stobie, N. & McHale, P., 2010, Enhancement of
the antibacterial properties of silver nanoparticles using B-cyclodextrin as a capping

agent, International Journal of Antimicrobial Agents, 36(3), pp. 280-283.

Jasper, J., & Weary D. M., 2002, Effects of ad libitum milk intake on dairy calves,
Journal of Dairy Science, 85, pp. 3054-3058.

Kermanshai, R., McCarry, B.E., Rosenfeld, J., Summers, P.S., Weretilnyk, E.A. &
Sorger, G.J., 2001, Benzylisothiocyanate is the chief or sole anthelmintic in papaya
seed extracts, Phytochemistry, 57(3), pp. 427-435.

48



Kertz A.F., Barton B.A., & Reutzel L.F, 1998, Relative efficiencies of wither height and
body weight increase from birth until first calving in Holstein cattle, Journal of Dairy
Science, 81, pp. 1479-1482.

Khan, M.A., Weary, D.M. & Von Keyserlingk, M.A.G., 2011, Invited review: Effects of
milk ration on solid feed intake, weaning, and performance in dairy heifers, Journal of
Dairy Science, 94(3), pp. 1071-1081.

Krehbiel, C.R., Rust, S.R., Zhang, G. & Gilliland, S.E., 2003, Bacterial direct-fed
microbials in ruminant diets: Performance response and mode of action, Journal of
Animal Science, 81(14), pp. E120-E132.

Krishna, K.., Paridhavi, M. & Patel, J.A., 2008, Review on nutritional, medicinal and
pharmacological properties of papaya (Carica papaya Linn), Natural Product
Radiance, 7(4), pp. 364-373.

Krishnakumari, M.K. & Majumder, S.K., 1960, Studies on the anthelmintic action of
seeds of Carica papaya Linn, Annals of Biochemistry Experimental Medicine, 20, pp.
551-556.

Krpalkova, L., Cabrera,V. E., Kvapilik, J., Burdych. J, Stipkova, M., Crump P.,
Standnik, L., & Vacek, M., 2014, Optimal growth of heifers and effect of milk yield
level on dairy herd production, reproduction, and profitability, Lap-LABERT Academic

Publication, Germany.

Lance, S.E., Miller, G.Y., Hancock, D.D., Bartlett, P.C., Heider, L.E. & Moeschberger,
M.L., 1992, Effects of environment and management on mortality in preweaned dairy
calves, Journal of the American Veterinary Medical Association, 201(8), pp. 1197-
1202.

Lee, C.Y., Head, H.H., Feinstein, C.R., Hayen, J. & Simmen, F.A., 1995, Endocrine
changes and circulating insulin-like growth factors in newborn calves fed colostrum,

milk or milk replacer, Australasian Journal of American Studies, 8(1), pp. 51-58.

Lee, S.S., Ha, J.K. & Cheng, K.J., 2000, Relative contributions of bacteria, protozoa,
and fungi to in vitro degradation of orchard grass cell walls and their interactions,
Applied and Environmental Microbiology, 66(9), pp. 3807-3813.

49



Lundborg, G.K., Svensson, E.C. & Oltenacu, P.A., 2005, Herd-level risk factors for
infectious diseases in Swedish dairy calves aged 0-90 days, Preventive Veterinary
Medicine, 68(2), pp. 123-143.

Malik, R. & Bandla, S., 2010, Effect of source and dose of probiotics and exogenous
fibrolytic enzymes (EFE) on intake, feed efficiency, and growth of male buffalo
(Bubalus bubalis) calves, Tropical Animal Health and Production, 42(6), pp. 1263-
1269.

Marfo, E.K., Oke, O.L. & Afolabi, O.A., 1986, Chemical composition of papaya (Carica
papaya) seeds, Food Chemistry, 22, pp. 259-266.

Maunsell, F. & Donovan, G.A., 2008, Biosecurity and risk management for dairy
replacements, Veterinary Clinics of North America: Food Animal Practice, 24(1), pp.
155-190.

McEwen S.A & Fedorka-Cray P. J. 2002, Antimicrobial use and resistance in animals,

Clinical Infectious Diseases Society of America, 34(3), pp. S93-106.

McGuirk, S.M., 2008, Disease management of dairy calves and heifers, Veterinary
Clinics of North America: Food Animal Practice, 24(1), pp. 139-153.

McGuirk, S. M. & Ruegg, P., 2011, Calf diseases and prevention, Dairy Extension

Resources, University of Wisconsin-United states.

Million, M., Maraninchi, M., Henry, M., Armougom, F., Richet, H., Carrieri, P., Valero,
R., Raccah, D., Vialettes, B. & Raoult, D., 2012, Obesity-associated gut microbiota is
enriched in Lactobacillus reuteri and depleted in Bifidobacterium animalis and

Methanobrevibacter smithii, International Journal of Obesity, 36(6), pp. 817-825.

Min, B.R., Barry, T.N., Attwood, G.T. & McNabb, W.C., 2003, The effects of condensed
tannins on the nutrition and health of ruminants fed fresh temperate forage: A review,

Animal Feed Science and Technology, 106, pp. 3-19.

Mohri, M., Sharifi, K. & Eidi, S., 2007, Hematology and serum biochemistry of Holstein
dairy calves: Age related changes and comparison with blood composition in adults,

Research in Veterinary Science, 83(1), pp. 30-39.

50



Muktar, Y., Mamo, G., Tesfaye, B. & Belina, D., 2015, A review on major bacterial
causes of calf diarrhea and its diagnostic method, Journal of Veterinary Medicine and
Animal Health, 7(5), pp. 173-185.

Muller, L.D & Ellinger, D.K., 1981, Colostral immunoglobulin concentrations among

breeds of dairy cattle, Journal of Dairy Science, 64(8), pp. 1727-1730.

Musa, H.H & Seri, H., 2009, The potential benefits of probiotics in animal production

and health, Journal of Animal and Veterinary Advances, 8 (2), pp. 313-321.

Muya, M.C., Nherera, F.V., Miller, K.A., Aperce, C.C., Moshidi, P.M. & Erasmus, L.J.,
2015, Effect of Megasphaera elsdenii NCIMB 41125 dosing on rumen development,
volatile fatty acid production and blood B-hydroxybutyrate in neonatal dairy calves,

Journal of Animal Physiology and Animal Nutrition, 99(5), pp. 913-918.

Nagaraja, T.G., Newbold, C.J., Van Nevel, C.J. & Demeyer, D.l., 1997, Manipulation
of ruminal fermentation, In The rumen microbial ecosystem , Hobson, P.N.& Stewart,
C.S. (eds), Chapman and Hall, Springer Netherlands, pp. 523-632.

Noordhuizen, J.P.T.M & Metz, J.H.M., 2005, Quality control on dairy farms with
emphasis on public health, food safety, animal health and welfare, Livestock
Production Science, 94(1-2), pp. 51-59.

Noordhuizen, J.P. & Da Silva, J.C., 2009, Animal hygiene and animal health in dairy

cattle operations, The Open Veterinary Science Journal, 3, pp. 17-21.

NRC (National Research Council), 2001, Nutrient requirements of dairy cattle, 7%

revised edition, The National. Academies Press, Washington, D. C.

O'Brien, A.D., Newland, J.W., Miller, S.F., Holmes, R.K., Smith, H.W. & Formal, S.B.,
1984, Shiga-like toxin-converting phages from Escherichia coli strains that cause

hemorraghic colitis or infantile diarrhea, Science Journal, 226, pp. 694-697.

Olsson, S.0., Viring, S., Emanuelson, U., & Jacobsson, S.0., 1993, Calf diseases and
mortality in Swedish dairy herds, Acta Veterinaria Scandinavica, 34, pp. 263-269.

Osato, J.A., Santiago, L.A., Remo, G.M., Cuadra, M.S. & Mori, A., 1993, Antimicrobial
and antioxidant activities of unripe papaya, Life Sciences, 53(17), pp. 1383-1389.

51



Panse, T.B. & Paranjpe, A.S., 1943, Isolation of carpasemine from papaya seeds,
Indian Academy of Science, 18(3), pp. 140-144.

Piccione, G., Casella, S., Giannetto, C., Vazzana |., Niutta, P.P, & Giudice A., 2009,
Influence of age on profile of serum proteins in the calf, Acta Veterinaria, 59(4), pp.
413-422.

Pinto, L.A., Cordeiro, K.W., Carrasco, V., Carollo, C.A., Cardoso, C.A.L., Argadona,
E.J.S. & De Cassia Freitas, K., 2015, Antiulcerogenic activity of Carica papaya seed
in rats, In Naunyn-schmiedeberg's archives of pharmacology, Seifert, R. (ed),
Springer Berlin Heidelberg, 388(3), pp. 305-317.

Phillips, 1., Casewell, M., Cox, T., De Groot, B., Friis, C., Jones, R., Nightingale, C.,
Preston, R. & Waddell, J., 2004, Does the use of antibiotics in food animals pose a
risk to human health? A critical review of published data, Journal of Antimicrobial
Chemotherapy, 53(1), pp. 28-52.

Postema, H.J., Franken, P. & Van der Ven, J.B., 1987, A study in veal calves for a
possible correlation between serum immunoglobulin levels, nutrition levels and risk of
disease in the first few weeks of the fattening period, Tijdschrift Voor
Diergeneeskunde, 112(11), pp. 665-671.

Powell, J., 2010, Bovine respiratory disease, [Cooperative Extension Service],
University of Arkansas, US Department of Agriculture, and county governments

cooperating.

Puangsri, T., Abdulkarim, S.M. & Ghazali, H.M., 2005, Properties of Carica papaya L.
(papaya) seed oil following extractions using solvent and aqueous enzymatic methods,
Journal of Food Lipids, 12(1), pp. 62-76.

Pugh, D.M., 2002, The EU precautionary bans of animal feed additive antibiotics,
Toxicology Letters, 128(1-3), pp. 35-44.

Quigley,J. 2001, Development of rumen epithelium, Avaliable from URL:
http://www.calfnote.com, Calf Note #78, pp. 1-4

Quigley, J., 2005, Passive immunity in newborn calves, Advances in Dairy
Technology, 14, pp. 273-292.

52



Quigley, J.D., 1997, Replacement heifers from birth to weaning, In proceedings of the
Western dairy management conference, Gamroth. M. (eds), Western Dairy

Management Conference, March 13-15, Las Vegas, Nevada, pp. 23-33

Quigley, J.D. & Drewry, J.J., 1998, Nutrient and immunity transfer from cow to calf pre-

and post-calving, Journal of Dairy Science, 81(10), pp. 2779-2790.

Quigley, J. D., Strohbehn, Ill, R. E. Kost, C. J. & O’Brien, M. M., 2001, Formulation
of colostrum supplements, colostrum replacers and acquisition of passive immunity in

neonatal calves, Journal of Dairy Science, 84, pp. 2059-2065.

Quigley, J.D., Wolfe, T.A. & Elsasser, T.H., 2006, Effects of additional milk replacer
feeding on calf health, growth, and selected blood metabolites in calves, Journal of
Dairy Science, 89(1), pp. 207-216.

Rastogi, R.P. & Mehrotra, B.N., 1993, Compendium of Indian medicinal plants, central
drug research institute, Publications and Information Directorate, New Delhi, 2, pp. 32-
33.

Rigobelo, E.C. & De Avila, F.A., 2012, Protective effect of probiotics strains in
ruminants, In Probiotic in animals, Rigebelo, E.C. (ed), INTECH Open Access
Publisher, Brazil. pp. 33-52.

Razzaque, M.A., Abbas, S., Al-Mutawa, T. & Bedair, M., 2009a, Performance of pre-
weaned female calves confined in housing and open environment hitches in Kuwait,

Pakistan Veterinary Journal, 29(1), pp. 1-4.

Razzaque, M.A., Bedair, M., Abbas, S. & Al-Mutawa, T., 2009b, Economic impact of
calf mortality on dairy farms in Kuwait, Pakistan Veterinary Journal, 29(3), pp. 97-101.

Risco, C. & Melendez, P., 2011, Dairy production medicine, John Wiley and Sons, Inc,
Publishers, USA.

Rosmini, M.R., Signorini, M.L., Schneider, R. & Bonazza, J.C., 2004, Evaluation of two
alternative techniques for counting mesophilic aerobic bacteria in raw milk, Food
Control, 15(1), pp. 39-44.

Rossetto, M.R.M., Oliveira do Nascimento, J.R., Purgatto, E., Fabi, J.P., Lajolo, F.M.

& Cordenunsi, B.R., 2008, Benzylglucosinolate, benzylisothiocyanate, and

53



myrosinase activity in papaya fruit during development and ripening, Journal of
Agricultural and Food Chemistry, 56(20), pp. 9592-9599.

Rumokoy, L., Toar, W.L. & Pudjihastuti, E., 2016, Effect of crude papain extract added
in mash and pellet form of diets on digestibility of broiler chickens, Agriculture and

Agricultural Science Procedia, 10, pp. 318-322.

Rupa, S. & Jayanta, B., 2013, Comparative studies on anthelmintic potential of
Cucurbita maxima (pumkin) seeds and Carica papaya (papaya) seed, International

Journal of Research in Ayurveda Pharmacy, 4(4), pp. 530-532.

Rushen, J., De Passillé, A.M., Von Keyserlingk, M.\A.G & Weary D.M. 2008, The

welfare of cattle, Springer, Dordrecht, Netherlands.
SAS, I., 2014, SAS/STAT R 13.2 users guide. Cary, North Carolina: SAS Institute Inc.

Sequeira, J., Garcia Ruiz, A. & Villamide, M.J., 2000, Effect of grinding and extrusion
on the digestibility of wheat and corn by rabbits, Proceedings of the 7" world rabbit

congress, Journal of the World Rabbit Science Association, Spain, (8), pp. 429-434.

Schoombee, W.S., 2011, Survey of colostrum quality and management practices on
commercial dairy farms in the Eastern Cape Province of South Africa (PhD), University
of South Africa, South Africa.

Singla, L.D., Gupta, M.P., Singh, H., Singh, S.T., Kaur, P. & Juyal, P.D., 2013, Antigen
based diagnosis of Cryptosporidium parvum infection in faeces of cattle and buffalo

calves, Indian Journal of Animal Science, 83(1), pp. 37-39.

Smith, T. & Little, R.B., 1922, The significance of colostrum to the new-born calf, The
Journal of Experimental Medicine, 36(2), p.181-198.

Stankovié¢, B., Hristov, S., Zlatanovi¢, Z., Bojkovski, J. & Maksimovi¢, N., 2016,
Sustainibility and efficiency of dairy farms biosecurity plans, Agro-knowledge Journal,
16(4), pp. 437-453.

Steenkamer, N., 1982, Alternative housing systems for veal calves, their effect on
welfare and performance and their economic feasibility, Current Topics in Veterinary
Medicine and Animal Science, 19(1), pp. 226-234.

54



Steiner, T. & Syed, B., 2015, Phytogenic feed additives in animal nutrition. In Medicinal
and aromatic plants of the world, Mathe, A. (ed), Springer, Netherlands, 1, pp. 403-
423.

Sun, J., Gunzer, F., Westendorf, A.M., Buer, J., Scharfe, M., Jarek, M., GoBling, F.,
Blocker, H. & Zeng, A.P., 2005, Genomic peculiarity of coding sequences and
metabolic potential of probiotic Escherichia coli strain Nissle 1917 inferred from raw

genome data, Journal of Biotechnology, 117(2), pp. 147-161.

Sun, P., Wang, J.Q. & Zhang, H.T., 2010, Effects of Bacillus subtilis natto on
performance and immune function of pre-weaning calves, Journal of Dairy Science,
93(12), pp. 5851-5855.

Svensson, C., Linder, A. & Olsson, S.0O., 2006, Mortality in Swedish dairy calves and
replacement heifers, Journal of Dairy Science, 89(12), pp. 4769-4777.

Svensson, C., Lundborg, K., Emanuelson, U. & Olsson, S.O., 2003, Morbidity in
Swedish dairy calves from birth to 90 days of age and individual calf-level risk factors

for infectious diseases, Preventive Veterinary Medicine, 58(3), pp. 179-197.

Tamate, H., McGilliard, A.D., Jacobson, N.L. & Getty, R., 1962, Effect of various
dietaries on the anatomical development of the stomach in the calf, Journal of Dairy
Science, 45(3), pp. 408-420.

Tang, C.S., 1973, Localization of benzyl glucosinolate and thioglucosidase in Carica

papaya fruit, Phytochemistry, 12(4), pp.769-773.

Teo, A.Y.L. & Tan H.M., 2005, Inhibition of Clostridium perfringens by a novel strain
of Bacillus subtilis isolated from the gastrointestinal tracts of healthy chickens, Applied
Environmental Microbiology, 71(8), pp. 4185-4190.

Terré, M., Devant, M. & Bach, A., 2006, Performance and nitrogen metabolism of
calves fed conventionally or following an enhanced-growth feeding program during the

pre-weaning period, Livestock Science, 105(1-3), pp. 109-119.

Timmerman, H.M., Mulder, L., Everts, H., Van Espen, D.C., Van Der Wal, E.,
Klaassen, G., Rouwers, S.M.G., Hartemink, R., Rombouts, F.M. & Beynen, A.C.,

55



2005, Health and growth of veal calves fed milk replacers with or without probiotics,
Journal of Dairy Science, 88(6), pp. 2154-2165.

Tizard, I.R., 1996, Veterinary immunology: An introduction, 5" edn, WB Saunders

Company, Philadelphia- USA.

Tsuruta, T., Inoue, R., Nojima, |., Tsukahara, T., Hara, H. & Yajima, T., 2009, The
amount of secreted IgA may not determine the secretory IgA coating ratio of
gastrointestinal bacteria, FEMS Immunology and Medical Microbiology, 56(2), pp.
185-189.

Tyler, J.W., Hancock, D.D., Thorne, J.G., Gay, C.C. & Gay, J.M., 1999, Partitioning
the mortality risk associated with inadequate passive transfer of colostral
immunoglobulins in dairy calves, Journal of Veterinary Internal Medicine, 13(4), pp.
335-337.

Uetake, K., 2013, Newborn calf welfare: A review focusing on mortality rates, Animal
Science Journal, 84(2), pp. 101-105.

Uys, J.L., Lourens, D.C. & Thompson, P.N., 2011., The effect of unrestricted milk
feeding on the growth and health of Jersey calves, Journal of the South African

Veterinary Association, 82(1), pp. 47-52.

Van Putten, G., 1982, Welfare in veal calf units, Veterinary Record, 111(19), pp. 437-
440.

Van Soest, P.V., Robertson, J.B. & Lewis, B.A., 1991, Methods for dietary fiber, neutral
detergent fiber, and non-starch polysaccharides in relation to animal nutrition, Journal
of Dairy Science, 74(10), pp. 3583-3597.

Veit, M., Jungbauer, L., Wendler, K.R. & Zentner, E., 2011, Effects of phytogenic feed
additives containing Quillaja saponaria on ammonia in fattening pigs, In Animal
hygiene and sustainable livestock production, Kofer. J & Schobesberger, H (eds).
Proceedings of the XVth International Congress of the International Society for Animal
Hygiene, Vienna, Austria, 3-7 July 2011, 3, pp. 1255-1257.

56



Virtala, A.M., Mechor, G.D., Gréhn, Y.T. & Erb, H.N., 1996, The effect of calf-hood
diseases on growth of female dairy calves during the first 3 months of life in New York
State, Journal of Dairy Science, 79(6), pp. 1040-1049.

Virtala, A.M., Gréhn, Y.T., Mechor, G.D. & Erb, H.N., 1999, The effect of maternally
derived immunoglobulin G on the risk of respiratory disease in heifers during the first
3 months of life, Preventive Veterinary Medicine, 39(1), pp. 25-37.

Weaver, D.M., Tyler, J.W., Van Metre, D.C., Hostetler, D.E. & Barrington, G.M., 2000,
Passive transfer of colostral immunoglobulins in calves, Journal of Veterinary Internal
Medicine, 14(6), pp. 569-577.

Wegener, H.C., 2003, Antibiotics in animal feed and their role in resistance

development, Current Opinion in Microbiology, 6(5), pp. 439-445.

Wikse, S.E., Baker, J.C., 1996. The bronchopneumonias, In Large Animal Internal
Medicine, Smith, B.P. (ed), 2" ed. Mosby-Year Book, Missouri, pp. 632-655.

Williams, P. & Losa, R., 2001, The use of essential oils and their compounds in poultry

nutrition, World Poultry Science, 17, pp. 14-15.

Wells, S.J., Dargatz, D.A. & Ott, S.F.L., 1996, Factors associated with mortality to 21
days of life in dairy heifers in the United States, Preventive Veterinary Medicine, 29(1),
pp. 9-19.

Windeyer, M.C., Leslie, K.E., Godden, S.M., Hodgins, D.C., Lissemore, K.D. &
LeBlanc, S.J., 2014, Factors associated with morbidity, mortality, and growth of dairy
heifer calves up to 3 months of age, Preventive Veterinary Medicine, 113(2), pp. 231-
240.

Windisch, W., Schedle, K., Plitzner, C. & Kroismayr, A., 2008, Use of phytogenic
products as feed additives for swine and poultry, Journal of Animal Science, 86(14),
pp. E140-E148.

Wittum, T.E & Perino, L.J., 1995, Passive immune status at postpartum hour 24 and
long-term health and performance of calves, American Journal of Veterinary
Research, 56(9), pp. 1149-1154.

57



Wong, M.H., Tang, L.Y. & Kwok, F.S., 1996., The use of enzyme-digested soybean
residue for feeding common carp, Biomedical and Environmental Sciences, 9(4), pp.
418-423.

Woolums, A.R., Loneragan, G.H., Hawkins, L.L. & Williams, S.M., 2005, Baseline
management practices and animal health data reported by US feedlots responding to
a survey regarding acute interstitial pneumonia, Bovine Practitioner, 39(2), pp. 116-
124.

Wudu, T., Kelay, B., Mekonnen, H.M & Tesfu, K., 2007, Calf morbidity and mortality in
smallholder dairy farms in Ada’a Liben district of Oromia, Ethiopia, Tropical Animal
Health and Production, 40(5), pp. 369-376.

Yavuz, E., Todorov, N., Ganchev, G. & Nedelkov, K., 2015, The effect of feeding
different milk programs on dairy calf growth, health and development, Bulgarian
Journal Agricultural Science, 21(2), pp. 384-393.

58



