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Abstract

The effects of month on body weight, body conditsaores, internal parasite prevalence
and on nutritionally related blood metabolites wstadied in Angus, Bonsmara and
Nguni steers raised on sweet veld. Pre-slaughtesssstwas also determined using
catecholamines, cortisol, dopamine, packed celimel and serum creatinine levels. The
blood chemical constituents evaluated included agac cholesterol, total protein,
creatinine, urea, globulin, albumin, calcium, pHospis, magnesium, aspartate amino
transferase (AST), alkaline phosphatase (ALP) aedtimine kinase (CK). The Nguni
steers maintained their body condition throughbetdtudy period whereas Angus steers
had the least body condition scores. Parasitedevete high during the rainy season and
low during the dry season. The predominant interpafasites wereHaemonchus
(39.3%), Trichostrongylus (37.8%), Cooperia pectinita(25.5%), Fasciola gigantica
(16.3%) andOstertagia ostertag{11.2%). The Nguni had the least parasite infestati
levels and had high PCV levels. Nguni had higheelke of cholesterol and glucose (2.86
and 4mmol/l, respectively) than the other two bseddguni and Bonsmara steers had
higher (P<0.05) mineral levels. There were sigaiftcbreed and month differences for
glucose, cholesterol, creatinine, calcium, albunphpsphorus, albumin-globulin ratio
and ALP levels. Bonsmara was more susceptibleatsport and pre-slaughter stress as it
had the highest (P<0.05) levels of adrenalin (1@@&rfmol), noradrenalin (9.7nmol/mol)
and dopamine (14.8nmol/mol) levels, whereas thenNgad the least levels of adrenalin
(6.5nmol/mol), noradrenalin (4.6nmol/mol) and dop@en (4nmol/mol) levels. In

conclusion, Nguni steers were better adapted ttotta environmental conditions.
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Chapter 1

General Introduction

1. Introduction

Although cattle provide diverse functions to farmén Africa (Scoones and Graham,
1994), their productivity is generally low. Cateovide draught animal power, social
and cultural functions as well as serving as secand risk reduction in rural households
(Corbetet al, 2005; Anderson, 2003). Cattle, therefore, cbote to subsistence farming
and enhance the sustainability of smallholder fagrsystems. There is reduced cattle
productivity as indicated by calving intervals wiiare way above the recommended 12
to 13 months (Chimonyet al, 2000) and high calf mortality rates. There aagious
factors that reduce cattle productivity, chief dfieh is the low veld quality during the
dry season, use of non-adapted exotic breeds andetheral poor health management
practices (Berryet al, 2006). It is possible that under nutrition isTeoon during this
period (Agenaset al, 2006). There isincreasing interest in indigenous livestock as a
possible solution to increased efficiency of praducin harsh environmental conditions

in southern Africa.

Indigenous cattle breeds are being threatened wilappearance largely due to
indiscriminate crossbreeding (Obal, 2000) and institutional policies that promote th
use of imported beef cattle breeds in rural areéierts are now under way to repopulate
the rural areas of South Africa with the indigendiguni cattle. The University of Fort

Hare (UFH) Nguni Cattle Project aims not only torgase the number of the indigenous



Nguni cattle in the communal areas, but also totlserigh identification and creation of
niche markets. The UFH model aims to increase Higtieg cattle population in the
communal areas by eliminating all non-Nguni bullghim a community. The Nguni is
increasingly attracting international interest, niadue to its resistance to ticks and tick-
borne diseases, high reproductive performance aod gvalking and foraging ability
(Strydomet al, 2001; Muchenjetal., 2007). For efficient production and for improgin
their marketability, the nutritional and healthtstaof the introduced animals needs to be

closely monitored (Chimonyet al,, 2002).

Grazing animals are more prone to acquiring inlepaaasites as compared to feed
supplemented animals. Breeds resistant to parasiss be adopted as they reduce the
cost of rearing the animal and also produce orgar@at where no chemicals have been
used till animal slaughter. Besides immunomodutatieelminth parasites can also exert
multiple deleterious clinical and sub-clinical effe on a host that indirectly may alter the
outcome of vaccination. For example, parasitisnseaunappetence (Krecek and Waller,
2000; Coop and Kyriazakis, 2001), alters feedsatlon and metabolism (Mahusoen
al., 2004). Furthermore, protein losses occur durirgy ¢burse of parasitic infections
(Coop and Kyriazakis, 2001), and the decreasedeiproevels may compromise
proteinaceous components of the immune systemeTibgraucity of information on the
susceptibility of Nguni cattle to internal parasiie the Eastern Cape Province. A study
is therefore needed to provide a basis for impleimgrhelpful adjustments in current
cattle management practices so as to alleviatecahstraints on productivity. Further

research is also needed to provide information hen dlterations in body metabolism



which would account for the loss of body weight @oddition in cattle due to the effects
of internal parasites. Although body weights anddybocondition scoring have
traditionally been used to assess nutritional staficattle (Grunwaldet al., 2005), blood
metabolite concentrations provide more accuratesassents. Serum concentrations of
metabolites such as glucose, cholesterol, nonigstefatty acids, blood urea nitrogen,
creatinine, total proteins albumin, globulin ancherals are commonly used to assess the
nutritional status of cattle. Information on théeets that variations in breed and season
of beef animals may have on serum concentratiomaetfbolites is scarce. Moreover,
there is need to establish reference values fasasgy nutritional status of animals, such
as the indigenous Nguni cattle. Determination afodl metabolite concentrations for
Nguni cattle will provide information that servesthe basis for the diagnosis, treatment,
and prognosis of diseases that could affect thedmenous cattle breed (Yokus and
Cakir, 2006). Information on blood metabolites fre tNguni cattle also increases an
understanding of adaptability of cattle to locabguction conditions (Ottet al, 2000;
Grunwaldtet al, 2005). There is paucity of information on theuNgs adaptive value
and their competitiveness against established brsadh as the Bonsmara and Angus

assessed through the use of blood metabolites.

Besides adaptation to local conditions, respon$eifferent breeds to stress is crucial.
Transport and handling before slaughter affect kathmal weight and meat quality
(Leheskeet al.,2002). Poor handling causes economic losses neefar, transporters and
slaughterhouses (Galdt al.,2003). Stress occurs during common managementgesact

in beef cattle production. Previous handling exgeses may interact with genetic



factors. The response of a breed to managemersssiee such as transportation and
restraint may determine if that breed will be adageous to reaf.here is therefore need
to compare the responsiveness of Nguni cattle resst as it affects not only growth

performance, but also meat quality.

1.2 Objectives
The main objective of this study was to determime parasite prevalence, nutritionally-
related blood metabolites and pre-slaughter stresgonses in Nguni, Bonsmara and
Angus steers raised on veld. The specific objestwere:
1. To evaluate the effect of month on body conditi@ores, body weights and
internal parasite levels in Nguni, Angus and Borrsnséeers;
2. To determine the effect of month and breed on tomally-related blood
metabolites and,

3. To determine the influence of breed on pre-slaugittess response.

1.3 Hypotheses
The experiments were designed to test the followminghypotheses:
1. Month does not have an effect on body conditionressobody weights and
internal parasites levels in Nguni, Angus and Baarsnsteers;
2. Month and breed do not have an effect on nutritigrralated blood metabolites
and;

3. Type of breed does not have an influence on pregblar stress response.
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Chapter 2

Review of literature
2.1 Introduction
In order to increase cattle productivity and imgrazattle management, nutritional and
health status of cattle must be known. Body cooditscores, body weights, internal
parasites and blood metabolites are used to asisessutritional and health status of
animals. Stress hormones and their metaboliteslaceused to measure stress levels of
animals in order to prevent reduced productivitys@msssors affect the carcass quality and
immune system of animals thus predisposing themdiseases and other parasitic
infections. Determination of blood metabolite camtcations for Nguni cattle will provide
information that serves as the basis for the disigndreatment, and prognosis of diseases
that could affect indigenous cattle breed (Yokud @akir, 2006). In this literature review,
stress hormones and their metabolites, blood mktied@and pathological factors used for

the assessment of the nutritional and health stdtoattle are reviewed.

2.2. Traditional methods of assessing nutritionaltatus of cattle

Determination of the nutritional status of cattfe useful in quantifying the extent to

which cattle are affected by nutrition, diseasetbrer environmental factors, especially
where seasonal fluctuations in the quantity andityuaf forages occur, as is common in

dry tropical and subtropical areas. Body weightd &ody condition scoring are the

traditional methods used to assess nutritionalistat animals though they have several

limitations or drawbacks.



2.2.1 Body condition scoring

Body condition scoring describes the systematiccggs of assessing the degree of
fatness of an animal (Nicholson and Sayers, 198¢hRet al, 2004). The score reflects
the plane of nutrition on which an animal has begposed over a reasonable length of
time (Stuthet al, 1998). This information is important to appratbe adequacy of
feeding programs, particularly in production syssewhere the availability of feeds are
not constant such as those experienced by grazimgais (Rocheet al, 2004) in
southern Africa. The ability of ruminants to copeetabolically with the nutritional
demands of additional production or seasonal clangeasture yield and quality has
made BCS an indispensable tool for the managenfentnanants (Rochet al, 2004).
Several authors have documented association betwedy condition scoring and
fertility (Buckly et al, 2003; Rocheet al, 2004) and health (Roche and Berry, 2006;
Rocheet al, 2004). The loin, ribs, tail head, brisket, flamklva and/or rectum and udder

are the important parts of the body used in det@ngithe score.

Initially, body condition scoring was conductedab-point scale (Nicholson and Sayers,
1987). However, the 5-point scale has been deensggpiopriate for tropical breeds of
cattle as it does not cover a wide enough ranganohals in poor conditions that are
commonly found in rural areas. In addition, it heeen reported to be inappropriate for
small-framed animals that predominate in the trepldie 5-point scale is, however, quite
popularly used by dairy producers. The 9-pointestslrecommended for tropical cattle,
such asBos indicugNicholson and Butterworth, 1986; Everseleal., 2000), the scores

ranging from one (severely emaciated) to nine (@pd3ody condition scoring is easy to



apply and has been mostly used as a managemerargelly in the dairy sector. Despite
the reported repeatability estimates by experiermssgssors (Fergusenal, 1994), the
general subjective nature of body condition sconmakes it difficult for inexperienced
herd managers, to correctly score the animals.kdrody weight measurements, the

automation of body condition scoring has, to daésn unsuccessful (Berey al., 2006).

The amount of body fat cattle have is directly tedlato their body condition score. On
the average BCS 1, 5, and 9 cows are approximat&l§, 18.89, and 33.91% body fat
respectively (National Research Council, 1996). drilggically, the proportion of
protein and water of the animal’s bodyweight deseeas it gains body condition
(National Research Council, 1996). Although thara igeneral consensus that the genes
that influence body condition scores and body wisigine either closely linked or could
have pleiotropic effects on each other, Begtyal (2006) observed a low correlation

coefficient between body weight and condition ssore

2.2.2 Body weights

Typically, growth is measured as an increase irylweeight and it includes not only cell
multiplication (hyperplasia) but also cell enlargarh(hypertrophy) and incorporation of
specific components from the environment (e.g.tisgpdeposition) (Flier and Maratos-
Flier, 2000. Growth can be monitored by using body weightsdyBaveights are
commonly used because they are easier and quickeerform, not much expertise is

required and they are not tedious to perform.

10



Body weights are mostly used for monitoring nutritl status and growth of animals
(Chimonyoet al, 2000). However, the body weight of an animpeat sedoes not reflect
its nutritional status (Oulun, 2005). Animals wittirge frames may have higher body
weights with low level of body reserves than snfi@imed ones with abundant reserves.
Changes in body weight, therefore, become moranmdtve than body weightser se
Large variations in body weight may occur as altesfuchanges in gut fill and bladder
fill, pregnancy and parturition (National Resear€buncil, 1996). Moreover, weight
changes may reflect tissue hydration rather thgmifstant alterations in body protein or
fat content (National Research Council, 1996). Tinimze the effect of frame size of
the animal, body weight measurements should beatelll regularly, often on a monthly
basis. The influence of gut fill on body weight reegements can be reduced by weighing
the animals at a consistent time of day. This megouent is difficult to meet, since
animals are usually presented to the handlingifesilat different times. Calibration of

weighing scales is also difficult.

2.3 Effects of internal parasites on cattle

It has been estimated that internal parasitesthedivestock industry in excess of US$2
billion per year in lost productivity and in incsesd operational expenses (Axfatdal,
2000). The fact that parasite infections affect thest immune system is well
documented. The host has immune mechanisms tleat,alinder most cases, for the
maintenance of the host-parasite relationship iniilibgum (Amarante, 2001).
Gastrointestinal infections are characterized leyréduction of voluntary food intake and

a decrease in the efficiency in the use of thesdddy the infected animals (Amarante,

11



2001; Muturiet al.,2005; Keyyuet al, 2005). They, therefore, have a negative effact o
animal growth and production (Kahet al, 2000). Body condition scores and body
weights can be used to monitor the effect of thesnal parasites on animal growth and

production (Keyytet al, 2005).

The most common genera of nematodes causing redungethl growth and production
are Trichostrongylus, Ostertagiand HaemonchusHaemonchus contortus the most
pathogenic nematode followed Wystertagia and OesophagostomuniBowman and
Georgi, 2002; Jackson and Miller, 2006). The pa¢imigjty of Haemonchus contortus
could be explained by the large daily egg productbabout 5000 to 15 000. Knowledge
of when and where cattle become infected with m#keparasites and information on the
agricultural cycle and associated husbandry prestare needed in order to formulate
rational policies for management that reduce the@odpnity for infection. Many
parasites exhibit dramatic seasonal variation i g@duction. Weather conditions also
affect larval availability thus indirectly affectinfecal exam results (Sowet al, 2006).
Dry, hot weather decreases the availability of ¢tife larvae, similar to sparse pasture
conditions. In general, with all internal parasitemist weather increases survivability of
infective larvae in the vegetation and induces dggsatch (Jackson and Miller, 2006).
There is paucity of information on the susceptipiind seasonal variation of internal
parasites load in Nguni, Bonsmara and the Angusdsreaised on veld in the Eastern

Cape province of South Africa.

12



Resistance traits are defined as those that infli¢ime capacity to control infection and
may be evaluated using the following parametersnbar of cells in the intestinal

mucosa membrane (eosinophil and mast cell), faeggl count per gram, number of
fourth and fifth stage larvae and number of mald éamale worms, as well as their
length (Wiedosaréet al, 2006). On the other hand, resilience is baseith@mbility of the

animal to support the pathogenic consequences ehdaparasite infection, which may
be evaluated observing the packed cell volume (P@¥gEmoglobin, mean albumin
concentration, food consumption and growth rateygkieet al, 2005). For meat

producing animals kept at pasture, which are stltigeslower development rates due to
endoparasite infection, it is important to obsetlre direct influence of diet type and
helminth infection on the production process, at a&to use this information to reduce
the number of worm treatments. Such parameters havéeen determined for Nguni

breed raised on veld.

In cattle and sheep, the reduction of weight gauh ether adverse effects depend on the
parasite burden (Coop and Kryziakis, 2001; Wiedctaal, 2006). Ovine fasciolosis can
result in significant blood losses with all asst@iaconsequences (Soeh al, 2006).
Fasciola hepaticaalso known as the liver fluke, migrates throulgé liver parenchyma
and tissue. Adult flukes feed on the blood of timalfhost at a rate of 0.2 to 0.5 ml per
day per fluke (Wiedosast al, 2006) which leads to severe anaemia. Hypoalbaenma
(reduction in albumin levels produced by the livand hyperglobulinaemia (increase in

immunoglobulins synthesized by leucocytes) are comsigns.
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Efficient and welfare-friendly livestock productiastemands the control of nematode
infection. Current control measures rely upon dntiwic treatment but are threatened
by the widespread evolution of drug-resistancedragite populations. Several methods
have been advocated to control nematodes withdyingeon anthelmintics. These
include grazing management, biological control, ritiohal supplementation,
vaccination, and genetic approaches (Jackson atidr MA006; Wiedosaret al, 2006).
Selecting lines of animals, either from within @&l or by introducing a ‘resistant’ breed
to produce crosses that have an improved abilityrdgulate their endoparasite
populations offers a means of increasing immunggimst gastrointestinal nematodes at
the herd level. Cattle studies have confirmed #itateast part of the variation in an
individual’s ability to regulate worms is under g#ie control and that it is a moderately
heritable characteristic in cattle (Jackson anddv]il2006).Selection is feasible using
simple phenotypic markers such as faecal egg cogorsetimes in conjunction with
peripheral immunological markers such as antibodie=osinophils in blood samples. No
such markers have been carried out in Nguni, Borsmad Angus breeds to assess its

tolerance to internal parasites.

2.4 Use of blood metabolites to complement traditial methods

Blood metabolite concentrations represent an iategrindex of the adequacy of nutrient
supply in relation to nutrient utilization of cat{Chester-Jonest al., 1990). They give
an immediate indication of an animal’s nutritiorséhtus at that point in time (Pambu-
Gollahet al, 2000). In the dairy industry, the use of metabpliofiles for assessing the

nutritional and health status of cows is widespr@@oornenbakt al, 1998; Grunwaldt
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et al, 2005). Use of such metabolites in the managewfdmtef cattle is still uncommon,
as it is thought that blood parameters cannot ptete metabolic status of an animal
without a characterization of its diet and phasé kvel of production (Rochet al,
2004). Reference values for Nguni, Bonsmara andurogttle are not available, which
makes it difficult to determine their nutritionalatus. There is, therefore, a need to
develop reference values for such breeds for adeaiwaracterization and to aid in their
management. The major blood constituents that ocanrdutinely assayed include
haematology parameters, glucose, non-esterifiedy faicids, p-hydroxyl-butyrate,

cholesterol, total proteins, albumin, urea and mailse

2.4.1 Blood metabolites related to energy metabolism

Blood glucosep-hydroxy butyrate and non-esterified fatty acide #tire most common
metabolites used to assess the energy status ttd. dlood glucose has a moderate
diagnostic value in the assessment of nutritiotegls of cattle as it varies moderately in
blood (Mayes, 2000). Insufficient nutrient intakancreduce circulatory glucose and
cholesterol levels. In conditions of under-nutritidhe blood levels of propionate and
other precursors derived from the diet decreases ¢husing a reduction in the rate of
glucose synthesis (Mayes, 2000; Reynadtlsal, 2003). Age affects glucose levels in
cattle as has been shown by Doornemball (1988) where glucose levels in calves were
lower than those for mature animals. In growingnaals, glucose requirement is
determined by growth rate, which is set by metaablie energy intake (Reynoldsal,

2003) whereas in mature animals only maintenanegggns required.
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Grunwaldtet al (2005) reported an effect of season in Agentmglacose levels shown
by a significant increase in blood glucose levalsautumn (February) as compared to
summer (May) (Table 2.1). Glucose levels decreaseam increase in body temperature
and respiration rate of animals normally experienicehot summer season. Feed quality
also affects blood glucose levels as poor grashtgueduces blood glucose levels. For
example, Chimonyet al. (2000) observed a significant reduction of theslswf plasma
glucose in winter in cows. Glucose levels have #@sen shown to vary with breeds as
shown in Table 2.2. Bonsmara steers had highemogtitevels as compared to Angus
steers fed on rye grass overseeded with coastahlBix grass. However, no such data
are available for Nguni steers in comparison witheo breeds under natural pasture.
Cholesterol has moderate variability in the bldmdgsstgiving a moderate diagnostic value.
The reason for moderate variability of cholestemlnot clear but can probably be
attributed to its metabolic variation with the bibglucose levels. Effect of season on
cholesterol levels is also not clear. Elevated lkeva# cholesterol, triglycerides, and
phospholipids are indicative of copper deficientge essentialature of copper is due to
its co-factor role at the active sioé a number of enzymes (Engd al., 2000). Breed
variation in serum cholesterol levels has also b&#wwn by Hollenbeclet al. (2006)

where Bonsmara steers had higher levels when catiparAngus steers (Table 2.2).
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Table 2.1: Blood chemistry measurements from beefttle in Mendoza plain, Brazil,

in summer and autumn

Sampling season

Parameters Summer Autumn
Mean SD Mean SD
Urea nitrogen (mmol/l) 6.7 1.8 6.2 51.
Glucose (mol/l) 3.1 1.2 4.2 0.8
Calcium (mmol/l) 2.0 0.2 2.1 0.2
Inorganic phosphateumol/l) 15 0.3 1.3 0.4
Aspartate aminotransferase (U/l)  49.0 17.7 26.0 12.5
Creatininegmol/l) 88.0 20.3 133.0 21.1
Albumin (g/l) 47.0 5.7 40.0 4.3

Source: Grunwaldet al (2005)
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Table 2.2: Blood chemistry measurements from Bonsma and Angus steers fed on

rye grass overseeded with coastal Bermuda grass

Parameter Breed type
Angus Bonsmara Significance

Urea %/g 18.1 21.3 **
Cholesterol (mg/dl)  75.8 105.5 *
Glucose (mg/dl) 65.88 105.10 *
Albumin (g/dI) 3.56 3.5 —_—

Calcium (mg/dl) 9.64 9.86 —_—
Phosphorus (mg/dl) 5.89 6.69 *kk
Magnesium (meg/l) 1.86 1.72 xk

** Significantly different (P < 0.05)
*** Not significantly different (P > 0.05)

Source: Hollenbeckt al.,2006
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2.4.2 Blood chemical constituents related to protein metabolism

Proteins perform unique functions in the body. A¢gent there is no single metabolite
that can be measured, which directly reflects pmagatus. As a result, a combination of
parameters needs to be assessed, including bl@eadnitrogen (BUN), creatinine, and
total protein, albumin, and creatinine levels. Aibn and total protein have low
variability in blood. As a result they both havéigh diagnostic value in the assessment
of nutritional status as compared to creatininecihias low diagnostic value due to its
high variability in blood. Serum albumin is a vesgnsitive and early nutritional indicator
of protein status (Agenas &it, 2006) because its turnover is only 16 days.idzefcy of
protein impairs both humoral and cell mediated imity) thus predisposing an animal to

diseases (Titgemeyer and Loest, 2001).

Total protein levels are lower in young animals dmgher in mature animals whilst
albumin levels are lower at birth and then incre@®ornenbakt al, 1988; Ottoet al,
2000). Malnutrition decreases albumin levels (Ageeial., 2006). Total protein and
albumin reflect availability of protein and theiorecentrations decline in the face of

protein deficiency.

Monitoring of blood urea levels can be used for sneimg protein status in cattle from
different feeding regimes and seasons (Hammond§)20@alues for urea within the
optimum range (<3.6mmol/l) in cattle indicate thae effective rumen degradable
protein (ERDP) is adequate. High blood urea leeeldd indicate a high protein intake

or the excessive mobilization of muscle (Chimoeyal, 2002).In ruminants a decrease
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in the blood urea concentration is related to laetady intake of protein due to the
recycling of urea from blood back to the rumen witbetary protein intake is low
(Oulun, 2005). Grunwald#t al. 2005 observed similar levels of urea nitrogesummer
and in autumn, as shown in Table 2.1. Breed diffege in urea levels have been
obtained as shown in Table 2.2, where Bonsmarassteel higher levels when compared

with Angus steers.

The most common application of the use of bloodaungrogen is as a retrospective
diagnostic tool to analyze biological response9itotein or energy supplementation,
changes in pasture or forage on offer, or changpasture management (Hammond,
2006). Serum urea concentration may also increaspité low-protein feeding if energy
intake is restricted, which is thought to refleactreased breakdown of endogenous
proteins for energy production, a decrease in remabsorption of urea and/or

haemoconcentration (Oulun, 2005).

Creatinine, a by-product of the breakdown of creaé and phosphor-creatinine in
muscle, is most commonly used as an indirect indioaf renal function and its impact
on blood urea nitrogen. Serum creatinine conceatratvary due to an animal’s diet,
breed, muscle mass and sex (Gdatoal, 2000; Miller et al, 2004; Hammond, 2006).
Grunwaldtet al (2005) also showed lower creatinine levels dutimg summer than in
autumn, as shown in Table 2.2. Reduced concentgabtb creatinine indicate prolonged
active tissue protein catabolism (Agemdsal, 2006). An increasing muscle mass from
animal walking long distances in search of pastam increase serum creatinine levels

(Ottoet al, 2000).
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2.4.3 Packed cell volume

Packed cell volume (PCV) is the volume of erythtesyexpressed as a percentage of the
volume of whole blood in a sample. It is the mostuaate means of determining red
blood cell volume and can be used to deduce ttdaldovolume and haemoglobin levels.
Several factors affect PCV levels. Higher haemadgloand PCV values than the
reference values could be attributed to the diffees in ages of the animals (Grunwaldt
et al, 2005). However Ottet al (2000) reported no age effect on PCV values. ided
effects were observed between Angus and the Crialigentino on PCV values
(Grunwaldtet al, 2005). Ottoet al. (2000), however, observed a PCV value of 32% for
Anguni cattle of Mozambique, which tended to bedowhan Angus cattle thus showing
breed differences. Reference levels for PCV andnbgéobin contents in indigenous

cattle of Southern Africa raised under rural prdagcconditions are largely unknown.

Packed cell volume could indicate anaemia, haerageh bone marrow failure,
destruction of erythrocytes, leukaemia, malnutnitior specific nutritional deficiency,
multiple myeloma and rheumatoid arthritis (Jain,939 Farver, 1997). Packed cell
volume values higher than the reference valuesdcandlicate dehydration due to
diarrhoea, erythrosis and polycythermiavera (Thetllal, 2004). Conditions that can
result in a low haematocrit include vitamin or mrededeficiency, cirrhosis of the liver
and malignances (Farver, 1997). Deficiency of idmtreases heme synthesis, causing
hypochromic red blood cells (lacking the red hermbgl pigment) and microcytic red

blood cells (smaller than normal) (Kneippal.,2006).
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2.4.4 Mineral metabolism

To promote normal tissue growth, homeostasis, eezfunction, cell regulation, and
immune function, it is imperative that minerals beaintained within narrow
concentrations within the body (Underwood and $uitP99). Minerals play a vital role
in forage digestion, reproductive performance, #ral development of bones, muscle,
and teeth. Sub-clinical trace mineral deficien@esur more frequently than recognized
by most livestock producers (Underwood and Suft®99).Calcium, phosphorus and
magnesium have a high diagnostic value in detengittie nutritional status of animals
due to their low variability in blood. Mahusoat al. (2004) observed marked breed
differences in mineral metabolism in goats. Mindeakls have been shown to vary with
seasons (Yokus and Cakir, 2006) whereas Grunwealdlt (2005) showed no significant
differences in autumn and summer for inorganic phate and calcium levels (Table

2.1).

Calcium is the most abundant mineral in the boghgreximately 98 % functions as a
structural component of bones and teeth. The rantaih% is distributed in extracellular
fluids and soft tissues, and is involved in sudalunctions as blood clotting, membrane
permeability, muscle contraction, transmission efve impulses, cardiac regulation,
secretion of certain hormones, and activation atailgzation of certain enzymes
whereas phosphorus is involved in every metabelaction and energy transfer within
the body (Invartsen and Andersen, 2000). Phosph@usequired for normal milk

production, growth, and efficient use of feed andtlbe rumen microrganisms in the

digestion of cellulose and synthesis of microbiatgin. Mineral absorption increases in
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the gastrointestinal tract while mobilization igieased in the bones when an animal has
phosphorus deficiency due to reduced levels in fded consumed (Invartsen and
Andersen, 2000). Season and breed, however, harereported to have no effect on
inorganic phosphate and calcium levels (Yokus amdirC 2006; Hollenbeclet al,

2006), as shown in Table 2.1 and Table 2.2 respyti

Magnesium is an essential cation, involved in mamgymatic reactions, as a co-factor to
adenosine triphosphatases. It is critical in eneegyiring metabolic processes, in
protein synthesis, membrane integrity, nervousuéssonduction, neuromuscular
excitability, muscle contraction, hormone secretiand in intermediary metabolism
(Laires et al, 2004). Serum magnesium concentration is maietaiwwithin a narrow
range by the small intestine and kidney which botirease their fractional magnesium
absorption under conditions of magnesium deprivat{Ghamdi et al, 1994). If
magnesium depletion continues, the bone store helpsaintain serum magnesium
concentration by exchanging part of its contenthvaktracellular fluid (Laireset al,
2004). In dairy cows, magnesium levels are depdndenboth physiological and
seasonal variations (Yokus and Cakir, 2006). Adogrdo Hollenbecket al, 2006, no
breed differences in magnesium levels were founéingus and Bonsmara steers. Serum
magnesium levels reflect current daily intake rathan reserves, thus cattle are affected
by low magnesium dietary content (Whitaletral, 1999). Grass tetany occurs when the
level of magnesium in blood falls below a critithteshold (below 1.2 mg per 100 ml)

(Herdtet al., 2000).
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2.4.5 Liver enzymes

Aspartate aminotransferase (AST) enzyme is pragemtany tissues; particularly liver,
striated and cardiac muscle, making it a good masksoft tissue damage (Otét al.,
2000). AST and alkaline Phosphatase (ALP) have dagnostic value for nutritional
status due to their high blood variability. Thesezymes have a predominantly
intracellular action and thus, under normal coodti, the serum enzyme activity is very
low or absent; any increase in their activity wob&levidence of damage in the tissues in
which they are lodged (Grunwaldt al, 2005). Red blood cells contain AST which can
leak into plasma before there is any visual evideat haemolysis (Abutarbush and
Radostits, 2003). However, serum ALP has been tegpdo decrease with age, as a result
of the faster growth rate in young animals, and&dge of the enzyme from the growing
bones and intestines into the blood (Gdtoal, 2000; Grunwaldet al., 2005). Many
conditions that produce a significant rise in dreaé kinase (CK) activity will also
produce elevated to high levels of AST (Abutarbast Radostits, 2003). Vitamin E and
selenium deficiency in the diet causes nutritiomaiscular dystrophy and diagnosis is
usually based on elevated levels of muscle enzyi@&and AST) (Abutarbush and
Radostits, 2003). Vitamins C, E and selenium angoitant in the protection of cellular
membranes from free radicals, which cause perdgidabf the membrane lipids
(Abutarbush and Radostits, 2003; Karaldic al, 2005). In healthy cows, the serum
enzyme activity is low or absent. Neither seasoalphysiological variations have been
reported on AST levels (Yokus and Cakir, 2006)cdntrast, there are higher AST levels

during the rainy season (49U/L) than in the dryseeg26U/L), as is shown in Table 2.1.
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In practice, metabolite herd testing has a numbebpnostraints that need to be overcome.
The major challenges include high skilled labowuieed for blood sampling, availability
of sampling ingredients, expertise in processing) €toring blood and, perhaps, the most
important, the high cost of analysing the samp@suiwaldtet al, 2005). There is, for
example, need to use friendly and appropriate tgdles for restraining and bleeding that
minimise distress. Appropriate infrastructure, sashstrong cattle handling facilities,
should be erected. Many rural communities in Sauath&rica, lack such facilities in
good operational order (Agenasal, 2006). Farmers, thus, need to be educated on the
need for determination and application of bloodapsters as a tool to aid beef cattle
management. This should destroy the generally imgfith that animals are only handled
when they are clinically sick or when they are et slaughter. Identifying animals for
sampling should be done from different physiolobistates, sex, ages or production
systems. These factors are crucial in the corntetpretation of haematological or serum

chemistry status of the animals.

2.5 Pre-slaughter stress effects on cattle

Transportation unavoidably causes stress in aninfatsne stress factors affecting
welfare of transported animals include speed vanat and vibrations of the truck,
contact with strangers, high stocking density anidnal commingling, establishment of
new hierarchies, and weather conditions such asditynand high temperatures (Gallo
et al.,2003). Although stress is not always an adverpemance and is a necessary and
regular aspect of life, it causes changes in amals physiological status during

transportation and for some period thereafter.iziiigy transported animals before their
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physiological status normalizes can have considerabd unintended effects on meat
quality. Stress is defined as the response of tuy bo any threatening demand, and a
resource-based trade-off between the immune sysdech costly behaviour that

characterizes stress-induced immunosuppressiontl Bt Palme, 2002).

The hypothalamic-pituitary-adrenocortical (HPA) saxs a major component of the
neuroendocrine response to stressful events (MostlHolme, 2002). Stress response
results in production and secretion of glucocortisofrom the HPA axis and the
catecholamines (adrenalin and noradrenalin) fragratifrenal medulla. During short-term
stress, glucocorticoids improve fitness by energpifisation and may change behaviour
(Most and Palme, 2002). However, severe chroniesstiprolonged periods of high
cortisol concentrations) may decrease individuakefis by inducing immunosuppression

and atrophy of tissues.

Expression of receptors for the products of theemes, endocrine, and immune systems
and production of hormones in immune cells con&ithhe basis of immunoendocrine
interactions. The function of lymphocytes is knoterbe modulated by the hormones of
the pituitary gland (Most and Holme, 2002). Gluaticoids are involved with glycogen
deposition in liver and lipolysis, and are ass@datvith the immune system, stress, and
thermal regulation (Scopat al, 2002). Evidence exists that dopamine regulabetsol
secretion in cattle (Ahmadzadehal., 2006). Stress-induced enhancement of circulating
concentrations of glucocorticoid hormones is a maguse of immune-suppression in

animals subjected to stress (Stangeal, 2005). A number of studies have noted that
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stress induced by transportation is detrimentalato animal’'s immune system by
predisposing it to diseases and disturbances imgbmductive system (Grandin, 1997,
Mostl and Holme, 2002). Hence, transportation afmats for long distances is a widely

debated issue in animal welfare (Knowles and Wgr&#800; Mostl and Holme, 2002).

Adrenocorticotropin release increased significaftbm a mean level of 4.72pg/mL in
lymphocytes harvested just before the start ofdheney to a mean value of 8.24pg/mL
in lymphocytes obtained from the same animals imately after 14h of transportation
(Scopeet al, 2002). In addition to the foregoing, a host ighgicant metabolic changes
have also been observed in transported and hacditdd. These include an increase in
blood enzymes such as creatine phosphokinase tdad&hydrogenase, and aspartate
aminotransferase (Scopet al., 2002). Blood metabolite changes including incrdase
concentrations of blood lactate and altered blaedtmine concentration have also been

reported (Obernier and Baldwin, 2006).

Transport and handling stress have been observedltéo numerous blood cell
components. In general, an increase in packedvoklime is commonly seen (Obernier
and Baldwin, 2006) which likely reflects both aespt response to stress and a degree of
dehydrationOther authors have reported physiological corismicentrations in cattle to
range from a baseline of 0.5 to 9.0 ng/ml (Grand®97) to high levels of 120 ng/mli
(Broom, 2003). Genetic differences have been redodt all levels of the HPA axis.
These genetic differences indicate that heredity play an important role in controlling

the mechanisms that lead to different physiologieaponses to stress (Grandin, 1997).
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Consequently, an animal's genotype or genetic mpkesay affect its susceptibility

and/or resistance to stressors.

The blood sampling procedure may itself elicit acatress responses, thus interfering
with the effect of the factors under study. Altdimeas to plasma sampling include urine
collection, which offers advantages for studyingH6fA and sympathetic nervous system
(SNS) activity: 1) urine is the main elimination ute for catecholamines and
glucocorticoids; 2) urine can be collected non-givaly when spontaneously voided;
and 3) excretion products in urine accumulate eeseral hours. Thus, concentrations in
urine can be considered as more integrative thasetin plasma, and they may be more
accurate for the detection of variations in strieesmonal activity (Hayet al, 2000).
Genetic factors such as temperament interact irptaways with an animal’s previous
handling experiences and learning to determine howill react during a particular
handling procedure (Grandin, 1997). Data on blo@dafmolites, glucocorticoids and the
excretion of catecholamines after exposure to parisand handling stress, are almost
lacking so far in Nguni cattle and relatively fetudies have reported concentrations in
urine samples as compared to faecal material ierathttle breeds (Most and Palme,
2002). Absolute comparisons of cortisol levels lestw studies must be done with great
caution as cortisol levels can vary greatly betweelividual animals (Grandin, 1994). It
is therefore imperative to evaluate these paramdterdifferent individual animals to

assess breed variation.
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2.6 Summary

To develop organized markets for promoting indigenoattle products, there is need to
develop parameters that objectively assess nutaitiand health status of the animals
while they are still growing. These are howeversestt for Nguni cattle. Breed
differences and genetic variation within breedsate and efficiency of growth, stress
tolerant, disease resistance and tolerance casdaged using blood metabolites so as to
find genetically superior animals adapted to harshironmental conditions. Stress levels
are assessed in order to provide a basis for ingnéing helpful adjustments in current

cattle management practices so as to alleviatedhstraints on productivity.

Although body weight measurement and body condgimring are easier to perform and
are cheaper to determine, they have limitations ¢ha be complemented by the use of
blood metabolites and haematology. Metabolite pnofiprovides useful information
such as the occurrence of negative energy balamokernutrition and the presence of
disease. Frequent monitoring of blood parametensgekample once in every season,
assists in diagnosing metabolic problems and dét@rghanimals that are metabolically

superior on veld or to identify animals that requsupplementary feeding.
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Chapter 3
Effect of month on body condition scores, body wehts and internal

parasite prevalence in Nguni, Bonsmara and Angusegrs raised on veld

Abstract

The objective of the study was to determine monthignges in body condition scores,
body weights and prevalence of internal parasitedguni, Bonsmara and Angus steers
raised on veld from June 2005 until slaughter inrda2006. Body condition scores,
body weights, blood samples and monthly faecal eggnts were carried out in 25
Nguni, 15 Bonsmara and 15 Angus steers. The Ngamaged to maintain its condition
throughout the study period as compared to therdilie breeds. Bonsmara had the
highest body weight, whereas the Nguni had thedsgRCV levels. PCV levels tended
to decline during the rainy season for all the dse@'he predominant internal parasites
were Haemonchus(39.3%), Trichostrongylus (37.8%), Cooperia pectinita(25.5%),
Fasciola gigantica(16.3%) andOstertagia ostertag{11.2%). Faecal egg counts (FEC)
were generally low. Of the three breeds, Ngunirstbad the lowest parasites infestation,
with the Angus being more susceptible than theratlve breeds. The internal parasite
prevalence was high during from October until Marearing of the Nguni breed will,
therefore, greatly reduce production costs as st lieen shown to habour less internal

parasites as compared to Bonsmara and Angus steers.

Key words: body condition scoring, steers, internal parasisgveetveld
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3.1 Introduction

Parasite infections are one of the greatest canfsdsease and loss of productivity in
livestock (Ploegeet al., 1990; Mahusooret al., 2004). Grazing ruminants are always
exposed to internal parasite in which the infedican be clinical or sub-clinical. The
greatest economic losses associated with parasgetions are sub-clinical (Dimandet
al., 2000; Belenet al, 2001). The typically sub-clinical nature of psitases necessitates
the aid of quantitative diagnostic tools to monit@rm burdens or the level of immunity.
The effects of helminths are increased when thexenatritional deficiencies (Chimonyo
et al, 2002; Mahusoomet al, 2004). Control and prophylaxis of parasite infaté can
be improved by comprehensive epidemiological stdwithin the particular
management area and season; and their interacttbntive host in a specific climate
(Barger, 1999; Vercruysse and Claerebout, 2001)ecfeg cattle with enhanced
resistance to parasites, as an alternative costiralegy, has a huge potential to reduce
dependence on anthelmintics and the consequentedduse of anthelmintics should
have a positive impact by reducing selection fargdresistance (Baker, 1995; 1998;

Krecek and Waller, 2006).

There is now evidence for genetic variation in g&sice to gastrointestinal nematode
parasites both between and within cattle breed$e6C@005). In addition, selection for
parasite resistance has been effectivédincontortusresistance in cattle (Krecek and
Waller, 2006). Mature, healthy cattle develop tasise to internal parasites. However,
cattle in sub-optimal body condition may have disiied capacity to resist parasite

infection (Krecek and Waller, 2006). Gastrointestimfections are characterized by a
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reduction of voluntary food intake and increaseeldfeonversion efficiency in infected
animals (Dimandeet al, 2000; Vercruysse and Claerebout, 2001). Adaptedds are
able to thrive in their local environments anddketate, or even resist, infections. Ability
of the animal to tolerate parasites can be evaluateng changes in body condition
score, body weights and PCV (Mulcadtyal, 2004). The PCV values, for example, have
been used when evaluating blood sucking paraditegifartet al, 1996; Crompton and

Nesheim, 2002).

Most reports on parasite tolerance in beef catéeumder controlled conditions with a
specific level of infection in cattle breeds, whidb not reflect the true effect of these
internal parasites on the animal under natural itiemd. No information is available on
the adaptation of indigenous Nguni cattle to iraérparasites raised on veld.
Relationships among worm egg counts, body conditomdy weight and PCV in the
indigenous Nguni, Angus and Bonsmara steers uneéét gonditions are also not
available. The main objective of this study wasréifiore, to determinéhe effect of
month on body condition, body weight and internalgsites prevalence in Nguni,
Bonsmara and Angus steers. The hypothesis testednaamonth and breed of steer did

not affect body condition scores, body weights #redprevalence of internal parasites.

3.2 Materials and Methods
3.2.1 Description of the study site
The study was conducted at the University of FoatreHResearch Farm, in the false

thornveld vegetation of the Eastern Cape. Theisi&20m above sea level and is 32.8
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latitude and 26 Blongitude. The vegetation is composed of seveea, tshrub and grass
species.Acacia karroo, Themeda triandra, Panicum maximunigitBria erientha,
Eragrostis species Cynodon dactilorand Penisetum clandestinumre dominant. The
topography of the area is generally flat with a f&eep slopes. The climate is semi-arid
with the annual rainfall about 480mm, most of whadturs in summer, and the annual

average temperature is 18.7°C.

3.2.2 Animals and their management

Twenty-five Nguni, 15 Angus and 15 Bonsmara eiglth old steers were maintained
in one herd from June 2005 until slaughter in M&0B6. The animals were raised under
natural pasture in paddocks. Veld condition in Jués poor. The pasture quantity then
improved and lush pasture was available from thé @nOctober to the beginning of
January, which then started to decline until Mandten the animals were slaughtered.
No supplementary feeding was provided. The averagi@l body weights of Angus,
Bonsmara and Nguni steers were 183 + 11.7, 2084a6d 190 £ 5.2 kg, respectively.
The average initial body condition score was 518 aas similar among the three

breeds.

3.2.3 Experimental procedures

Body weights, body condition scores (scale 1-9)clidlson and Butterworth, 1986;
Wagneret al, 1988) and faecal samples were collected oncerdamin the morning from
July to March 2007. The faecal egg output was egéch using a modified McMaster
technique (Whitlock, 1948) and multiplied by 50ctnvert to egg/granAbout 10 ml of

blood was also collected by jugular veni-punctuent beef steers every month into
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vacutainer tubes for determination of PCV levels.

3.2.4 Satidtical analysis

Body condition scores were square root transforméreas the faecal egg counts were
transformed using lag(x + 1). All data were analyzed as repeated measus@g the
MIXED procedures of SAS (SAS, 2003). The effectsnainth, breed and the interaction
between month and breed were incorporated intéitkar model for repeated measures.
The occurrence of nematodes was estimated usin@R@C FREQ procedure (SAS,
2003) and the correlation between parasite levets season was also analysed. The
association between breed and occurrence of nepmteds assessed using the chi-

square test.

3.3 Results

3.3.1 Body condition score and weight changes

Figure 3.1 shows the effects of month on body dandiscores in the Angus, Bonsmara
and Nguni steers. There was month x breed intera¢g<0.05) on BCS levels. The BCS
for Nguni steers were higher (P<0.05) than the roth® breeds across the 9-month
period. The peak BCS for Nguni was in March. TheSBfor Angus declined from
September until January. The BCS for Bonsmara ase@ similarly with the ones for the

Nguni, but in February, the Bonsmara began to tlosig body condition.

The effect of month on body weights on the thresets is shown in Figure 3.2. There

was no month x breed interaction (P>0.05) in boayghts. Bonsmara had the highest
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body weights followed by Nguni and Angus had thastebody weights. The body
weights for the three breeds decreased in Septeamukthen increased until March. In
March, the body weight for Bonsmara was high desthie drop in its body condition

score. Angus had the least body weight and bodgition scores.

3.3.2 Packed cell volume
Changes in the PCV levels for the breeds over theBth period are shown in Figure
3.3. The PCV levels declined beginning October @wede highest in September. Angus

steers had the lowest PCV levels (P<0.05) througtineustudy period.

3.3.3 Occurrence of helminths

The frequencies of helminths, expressed as pegestare shown in Table 3.1. The
common helminths that were found across the threeds werdHaemonchus contortus,
Trichostrongylus spp, Cooperia pectiniend Fasciola gigantica The frequencies of
other pathogenic internal parasites, for examptxocara vitulorumand Marshallagia

marshalliwere low.
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Table 3.1: Frequencies of nematodes in Nguni, Bonsmma and Angus steers

Nematodes Frequency (%) Number
Haemonchus contortus 39.32 138
Trychostrongylus spp 37.82 132
Cooperia pectinita 25.5 89
Fasciola spp 16.33 57
Ostertagia circumcincta 11.17 39
Bunostomum spp 9.14 32
Nematodius spathiger 8.02 28
Oesophagostomum radiatum  8.02 28
Schistosoma spp 6.88 24
Mecistocirrus digitatus 3.44 12
Buxtonella sulcata 2.58 9
Paramphistomum 1.72 6
Monienza expansa 1.43 5
Marshallagia marshalli 0.86 3
Toxocara vitulorum 0.86 3
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Breed of steer had an effect on the parasite 1B8a@.05). As shown in Table 3.2, there
was no association between breed and occurrenei@ehonchus contortusvhereas a
significant association was found between breed @eulirrence ofTrichostrongylus
Cooperia pectiniteandFasciolaspp. Month variations of the most prevalent paeasare
shown in Figure 3.4. There was a general increas€doperia spp, Haemonchus
contortus Fasciola and Trichostrongylusspecies from October, reaching a peak in
December or January. The month patterns of infeatith Cooperia pectinitaFasciola
spp, Ostertagia circumcincta Bunostomum spp, Nematodius spathiger
Oesophagostomum radiatun$chistosomaspp, Mecistocirrus digitatus Buxtonella
sulcatg ParamphistomumMonienza expansaMarshallagia marshalli Haemonchus
Oesophagostomuspp, O. ostertagi Toxocara vitulorumand Trichostrongyluswere all
similar and were negatively correlated to dry segSoly to September) and wet season

(October to March).
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Table 3.2: Occurrence of nematodes in Angus, Bonsmaaand Nguni steers

Breeds
Type of nematodes Angus Bonsmara Nguni
Haemonchus contortus %2 P value
% positive samplés 41.03 (16} 44.35 (55) 35.64 (67) 0.297 0.296
Trichostrongylus spp.
% positive samples 43.59 (17) 45.16 (56) 31.72 (59) 0.042 0.042
Cooperia pectinita
% positive samples 20.51 (8) 35.48 (44) 19.89 (37) 0.007 0.006
Fasciola spp
% positive samples 58.97 (23) 14.52 (18) 8.6 (16) 0.0001 0.0001
Ostertagia circumcincta
% positive samples 20.51 (8) 14.52 (18) 6.99 (13) .020 0.017

values in parentheses indicate the number of santipée were observed.

“Positive %samples indicate the percentage of fasmaples with the type of nematode

species indicated.
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3.4 Discussion

Nguni steers had the highest body condition scasesompared to Bonsmara and Angus
steers indicating high energy reserves in Ngunsstrlikely as an adaptation to the local
production conditions. The adaptation of animalsdifferent levels of nutrition is a
powerful tool that livestock breeders and produdeage been exploiting with evident
advantages (Chilliarét al, 2000; Blancet al, 2004). Rural farmers prefer animals that
store fat reserves in periods when grass avaialslihigh and mobilize those reserves to
cope with production needs during the dry seasongghey do not afford dietary protein
supplements. Body condition scoring is one of thectical indicators of the nutritional
status of cattle (Ortigues, 1991). Though body Wsicare traditionally used to assess
nutritional status of animals (Chimonyt al, 2002), they vary with breed size, gut fill
and tissue hydration (NRC, 1996). Bonsmara haditjieest body weights due to its big
breed size. Bonsmara began to lose condition incMaespite its high body weights
possibly due to decreased quality of feed in pastyr season and hydrolysis of body
reserves such as lipids to maintain its body eneegds. Muchenjet al. (2007) obtained
higher losses in daily weight in Angus (872g/daydl 8onsmara (991g/day) whereas for
Nguni the weight loss was 566g/day on steers ragedatural veld during the dry
season. Angus steers had the least body weiglaisalplly due to poor adaptation to local
environmental conditions. Angus is a large sizeektirand was, therefore, expected to
have higher body weights as compared to mediunsarall sized breeds. Although body
size is genetically determined, it can be altergdnbtritional and hormonal factors

(Corbetet al,, 2005; Prycest al, 2006).
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The observed low parasite prevalence obtained doeildue to the low rainfall received
in the Eastern Cape Province in South Africa (Be&ral.,2001; Bowman and Georgi,
2002). Results of faecal egg counts (FEC) havecatdd that gastro-intestinal nematode
infection in the province has a seasonal pattene Aighest FEC during the rainy/late
rainy season and lowest during the dry season cowith studies in other tropical
countries with a distinct rainy and dry season (Mey al, 1996; Waruiruet al., 2001,
Keyyu et al., 2005). The conditions that favour grass growtlo &s/our parasite larvae
growth. This could explain the increase in paradieguencies from October, the
beginning of the wet season. Moisture is essefdralarval survival and transport. The
low helminth prevalence could also be due to the @fganimals (Loyacanet al, 2002).
Sheep and cattle develop high worm burdens duhaditst months of the animals' life
(Halvorsenret al, 1999). Thereafter, acquired immunity is consadeio reduce the rate of

nematode establishment.

Of the three breeds, Angus steers were more suisleeiat internal parasites as shown by
high infestation levels and and low PCV levelsha beginning of the rainy season. This
calls for strategic deworming of Angus steers i$ed on natural pasture to prevent the
reduction in production performance. In cattle, tbduction of weight gain and other
adverse effects depend on the parasite burden (Bxkal, 1991, Steaet al, 1995,
Loyacanoet al.,2002). Larvae and adults of other species causmaditis and enteritis
which further interferes with nutrient absorptidfefyu et al., 2005) Fascioliasis has
been correlated with depressed appetite and wegght increased mortality, and liver

condemnation resulting in economic losses in séwsmantries (Thiodoropaulost al,
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2002). This could explain the reduced body condiiad weights for Angus steers.

Nguni steers had lower levels Gboperia pectinita, Fascioland Trichostrongylus spp.
as compared to other breeds showing its toleraocetérnal parasites. Exposure to
parasites leads to the development of acquiredstaegie against infection which,
although not clearly established, enables the faat®y co-existence of host and
parasite. Immune competence develops with age aitld experience of infection
(Barger, 1988). The immune response is generatiyngt for Nematodirusspp. and
Trichostrongylusspp. but more labile in the case @istertagiaspp.andH. contortus
(Andersonet al, 1978). This could explain the observed lack adeld differences on
Haemonchusinfestation level. The effect of immunity is toepent the continuing
accumulation of worm burdens as a simple conseguaicingesting larvae. The
genetically influenced acquired resistance is esgqed through prevention of
establishment of ingested larvae (immune exclusitmpugh depression of the size and
fecundity of adult worms that do establish and,spgdy, through increased rates of
expulsion of L4 and adult worms (Barger, 1998) whig the most probable mechanism

in Nguni cattle.

Several reports have concluded that adequatelyishma animals are better able to
withstand the detrimental effects of nematode p@ramfection than those less
adequately nourished (van Houtert and Sykes, 1Bf6x, 2000). The findings in this

study could suggest that the Nguni steers effityautilized the available feed resources

as compared to Bonsmara and Angus cattle.
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Higher prevalence foHaemonchus placei, Cooperia spprichostrongylus, Cooperia
pectinita Fasciola and Oesophagostomum radiatuwere observed when compared tp
other internal parasites such aWlecistocirrus digitatus Buxtonella sulcata
ParamphistomumHaemonchugeeds on blood directly and if large numbers assgnt,
blood loss can be acute leading to death (BowmdnGeorgi, 2002)Haemonchupeak
burdens were observed in December and Januarysasobkerved by Horak (1978).
Horak (1978) reported marked inhibition in larvakvélopment from April-July.
Cooperia spp peak burdens occurred during December whichmnslasi to what was
observed in this study. Hora&k al. (2004) observed infection witbstertagia ostertagas
the most intense and prevalent in the Eastern Galp@yved byCooperia oncophoran

bull calves.

In December, low PCV levels were observed in Angusch coincided with high levels
of increasedHaemonchuslevels. Haemonchusfeeds on blood directly and if large
numbers are present, such as from 100 to 1000ageey blood into the abomasum can
occur (Begunet al, 2004). The rise in PCV percentage in Januaryafothe breeds is
difficult to explain but could possibly be due t@hydration or increased parasite
infestation (Keyyuet al, 2005). However, there was a decrease in PC\Msleatethe
beginning of the rainy season which coincided véthincrease in helminthes levels.
Nematode parasites can affect an animals’ abititynaintain erythropoesis (Molinet
al., 2006). Nguni had higher PCV levels than Angusl &onsmara, suggesting its

resilience to internal parasites (Mulcadtyal, 2004).

54



3.5 Conclusions

Nguni steers managed to maintain their body camliscores throughout the study
period and whereas Bonsmara began to loose comditidarch. Angus steers had the
least body condition scores indicating less enegperves and its poor performance
under local environmental conditions. Angus stémdg the least body weights whereas
Bonsmara had the highest body weights. Low precatef helminthes were generally
observed.Haemonchus contortus, Cooperia pectinifaichostrongylus, Fascioland
Oesophagostomum radiatupredominate in the Eastern Cape of South Africguril
cattle had lower levels of internal parasites amghdr PCV levels as compared to
Bonsmara and Angus. Farmers can greatly save ntbneygh the rearing of the Nguni
cattle. Besides using BCS and body weights, therdso a need to evaluate the use of
nutritionally related blood metabolites in beefraals, as more accurate and objective

indicator of their nutritional status.
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Chapter 4
A comparison of nutritionally-related blood metaboltes among Nguni,

Bonsmara and Angus steers raised on veld

Abstract

The objective of the study was to determine montaliyations in serum glucose,
cholesterol, total protein (TP), urea, albumin giiin, alboumin-globulin ratio, creatinine,
aspartate aminotransferase (AST), creatinine kii@$9, alkaline phosphatase (ALP),
calcium, phosphorus and magnesium in Nguni, Bonaraad Angus beef steers raised
on veld. Twenty-five Nguni, 15 Aberdeen Angus aridBonsmara 8-month old steers
were studied for nine months. Over the nine mortfggini had higher concentrations of
glucose (P<0.05) and cholesterol (P<0.05) tharother two breeds. The overall glucose
and cholesterol concentrations in the Nguni weaad 2.86 mmol/L, respectively. There
was a breed x month interaction on glucose, cherl@sicreatinine, calcium, albumin and
phosphorus concentrations. Breed had no effect Bn drea, globulin, and AST

concentrations. In conclusion, Nguni and Bonsmattecperformed well under veld.

Key words: Nguni cattle, exotic breeds, veld, serum chemistry
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4.1 Introduction

Natural selection in stressful climates can creafgulations of animals that have specific
adaptations to certain conditions. Because of tbai history in southern Africa, Nguni
cattle are reported to be less susceptible to dthtsugarasites, insects and diseases when
compared to the European breeds such as the AlpeAtegus and Hereford (Durkiet

al., 1982; Ottcet al, 2000; Besteet al.,2003). Efforts have been made to produce a fast-
growing beef breed that is adapted to the tropleatl conditions. As a result, the
Bonsmara, a synthetic breed, has been developegéounder commercial conditions in
South Africa (Strydonet al, 2001). Information on the adaptive value of imgtigus
livestock, such as the Nguni and their competitegsn against European breeds, is
limited. In sweetveld areas of southern Africanfall is low and uncertain, making plant
growth erratic. In these conditions, the grassad te maintain high nutritional quality
throughout the year, relative to the grasses inethixand sourveld areas (Dean and

McDonald, 1994).

Blood metabolite concentrations are commonly usednonitoring herd health and
nutritional status. Various studies have demorstfraemperature-season and breed
differences in blood parameters (Doornendtaal, 1988; Thrallet al, 2004; Grunwaldt

et al, 2005). Monitoring metabolite concentrations asrgeasons assists in diagnosing
metabolic problems (Verheyeret al.,, 2007) and determining breeds that are
metabolically superior under veld conditions (Ryat@99; Grunwaldet al., 2005) and

to design management interventions to improve battfe production (Brown and Adjei,
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2001; Agenaset al, 2006). Adapted breeds are expected to be raisdd minimal

external inputs, such as the need for dietary supphtation and veterinary medicines.

To date, little effort has been put into determinthe variation in nutritionally-related
blood constituents of indigenous cattle of Southig&f The objective of the current study
was to compare the concentration of nutritionadliated blood metabolites of Nguni to
established beef breeds in the Eastern Cape Peovihe null hypothesis tested was that
the concentration of the metabolites in Nguni mmikir to the established beef breeds

under the local environmental conditions.

4.2 Materials and Methods
4.2.1 Description of study site

The description of the study site was given in ®acB.2.1.

4.2.2 Experimental animals and their management

Twenty-five Nguni, 15 Angus and 15 Bonsmara eigloath old steers were maintained
in one herd from June 2006 until when they wereighéered in March 2007. All the
steers were clinically healthy throughout the trighe animals were raised under natural
pasture in paddocks. All the animals were not housbe quantities of grass were low in
July. The pasture quantity then improved and lusttyre was available from the end of
October to the beginning of January, which therided in quantities until March when
the animals were slaughtered. No supplementaryirfgedlas provided. The average

initial body weights of Angus, Bonsmara and Ngumeiess were 183 + 11.7, 203 + 6.8
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and 190 £ 5.2 kg, respectively. The average intaaly condition score was 5 using a 1-9

scale, and was similar among the three breeds.

4.2.3 Blood sample collection and analysis

Blood was taken from the jugular vein into plaibés. The samples were collected once
every month. They were centrifuged within two hoafscollection at 2500rpm for 10
minutes to obtain serum. The serum was stored)&E-fending analysis. Serum samples
were analyzed using a Chexcks machine (Next/Vetdfa AVasseman Analyser,
Woerden, Netherlands) and commercially purchased (Biemens, South Africa). The
serum was analyzed spectrophotometrically for fotateins (TP) (Wechselbaum, 1946),
albumin (Doumas, 1972), creatinine (Tietz, 199%Walane phosphatase (ALP) (Tiett

al.,, 1983), calcium (Caliet al, 1972), inorganic phosphorus (Young, 1990) and
magnesium (Tietz, 1976) using colorimetric methoBsr glucose (Gotchman and
Schmitc, 1972) and urea (Tietz, 1995) analysisymatic methods were used while
ultraviolet methods were used for aspartate amansferase (AST) (Bergmeyet al,
1986) and creatinine kinase (CK) determinationsr@ldpet al, 1991). Globulin levels

were calculated as the difference between TP dndrah.

4.2.4 Satistical analysis

All data were analyzed using the PROC MIXED procedwf SAS (2003). The effects
of month, breed and their interaction on body ctodiscores and levels of blood
metabolites were incorporated into the linear mddelrepeated measures. The initial

body weight was incorporated as a covariate.
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4.3 Results
4.3.1 Body condition scores

The changes in body condition scores are desciib8dction 3.3.1.

4.3.2 Effect of breed and month on glucose and cholesterol levels

Table 4.1 summarises the levels of significancenohth, breed and the month x breed
interaction on blood parameters. Figure 4.1 shoWwanges in serum glucose and
cholesterol concentrations during the nine monthiode Both the breed (P<0.05) and
month (P<0.05) affected glucose concentrations rmutmonth x breed interactions
(P>0.05) were observed. Peak glucose concentrdtoral the breeds were observed in
October and started to decline until January/ FatytuThe trend for the glucose
concentrations was similar among the three bre@dsrall, Bonsmara and Nguni steers
had similar glucose concentrations, but were grebsn for the Angus steers (Table 2).
Cholesterol concentrations were affected by bogledrand month (P<0.05). No month x
breed interaction was observed for cholesterol (B0 The peak for all the three breeds
was observed in March. As also shown in Table Aguni had the highest
concentrations of cholesterol throughout the stpelyod followed by Bonsmara, across

the nine months. Angus steers had the least cleotdsioncentrations.
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Table 4.1: Levels of significance for breed, montand breed x month interaction on

metabolite concentrations and enzyme activities

Breed Month Breed x Month
Glucose (mmol/L) ** Frx NS
Cholesterol (mmol/L) ok * NS
Total protein (g/L) NS ok >
Urea (mmol/L) NS ook ok
Creatinine (umol/L) ook ook -
Globulin (g/L) NS Kok **
Albumin ((g/L) ok — "
Albumin/Globulin ratio NS ok *
Magnesium (mmol/L) el ek *
Calcium (mmol/L) NS *k >k
Phosphorus (mmol/L) ok ok NS
CK (U/L) NS NS NS
AST (U/L) NS * NS
ALP (U/L) o o NS

*P<0.05; **P<0.01; ***P<0.001; NS-no significantffierence (P>0.05).

CK- creatinine kinase, AST-aspartate aminotranséeraALP-alkaline phosphatise
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Figure 4.1: Influence of month and breed on glu@s®cholesterol levels.
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Table 4.2: Influence of breed on nutritionally relaed blood metabolites

Parameter RR Angus Bonsmara Nguni Signifance

Urea (mmol/l) 3.6-10.7 3.4 +0.209 3.17+0.110 3.27 £0.099 NS

Creatinine (umol/l) ~ 10-133  112.11 +2.361113.48 +1.286 107.56 + 1.041  **

Globulin (g/!) 28-42  43.17+0.996  43.22+0.543 .5Bi+0.431 NS
Albumin ((g/l) 28-37  31.92+0.443 3224+0241 .@&2+0.235 NS
A/G Ratio 0.9-1.4 0.77+0.020  0.76+0.012  0.78.&10 NS

Magnesium (mmol/l) 0.6-1.2  0.70 +0.0F5  0.73 +0.008 0.80 + 0.008 K
Calcium (mmol/l) 2-2.9 2.36 £0.037 244 +0.020 42+0.016 NS

Phosphorus (mmol/l) 1.2-2.3  1.77 +0.660 1.94 +0.033 2.05+0.028 Frx

CK (u/) 12-146  159.60 +50.017 158.89 +£27.241 204+ 25.388 NS
AST (U/l) 21-167  81.88 +£4.227 79.68 + 2.302 74.237.196 NS
ALP (U/l) 33-328 73.5+9.155 99.09+4.988 144.18 +4.577  ***

&®Vvalues with different superscripts within each rase significantly different (P < 0.05)
* P<0.05, ** P<0.01, *** P<0.001. NS: P>0.05.

CK- creatinine kinase, AST-aspartate aminotranséera/G ratio-albumin/globulin ratio
ALP-alkaline phosphatase

RR: Reference range (Farver, 1997)
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4.3.2 Effect of breed and month on total protein, urea, creatinine levels, albumin,
globulin and albumin/globulin ratio

There was breed x month interaction (P<0.05) onAlthough month affected (P<0.05)
TP concentrations, the breed of steer did not )0.The peak concentrations for
Bonsmara and Nguni were observed in December whilstAngus the peak was
observed in January (Figure 4.2). Serum urea coratemms are also shown in Figure 4.2
for the 9-month period. There was a month x bregdraction (P<0.05) on serum
concentrations. Month also had an effect (P<0.0buea concentrations, while breed
had not P=0.181). Urea concentrations fluctuated markedihweach month in all the
breeds. Month, breed and the interaction betweenwio (P<0.05) affected creatinine
concentrations. Peak concentrations for creatiwee observed in July for all the breeds

(Figure 4.2).

As shown in Figure 4.3, month x breed interactiBr(.05) was observed for albumin
concentrations. The albumin concentrations alseedarith breed (P<0.05) and month
(P<0.05). Month affected (P<0.05) the globulin camications while breed did not
(P>0.05). There was, however, breed x month intiera¢P<0.05). The peak albumin
concentrations for Bonsmara and Nguni breeds wieserged in December, whereas the
peak for Angus was in January. The globulin comegioins increased from July to
December. There was however breed x month interad<0.05). Month affected
(P<0.05) the albumin: globulin ratio, while bredd dot (P>0.05). The albumin: globulin
ratio decreased from July until November and thename constant for Nguni and

Bonsmara. For the Angus, the concentrations coatirta decrease.
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Figure 4.2: Effect of month and breed on TP, @ne@ creatinine concentrations.
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433 Effect of breed and month on calcium, phosphorus and magnesium
concentrations

Figure 4.4 shows the changes in calcium, phosphamdsmagnesium concentrations in
the Nguni, Bonsmara and Angus steers. Significamtmx breed interactions (P<0.05)
were observed for calcium concentrations. Althouwgbnth was significant (P<0.05),
breed, however, had no effect (P>0.05) on calciemcentrations. The peak calcium
level for Bonsmara was in November while for Ngand Angus was observed in March.
As also shown in Figure 4.4, both the breed andtmaffected P=0.001) phosphorus
concentrations. No month x breed interactions (5)0were observed. Peak phosphorus
concentrations for all the breeds were observedFebruary. The phosphorus
concentrations decreased from October until Decendvel peaked in February.
Bonsmara and the Angus had similar values acrassntbnths but greater than for the
Nguni steers (Figure 4.4). Both the breed and maitacted (P<0.05) magnesium
concentrations and month x breed interactions (®Owere also observed. The
Bonsmara, Angus and Nguni steers had different egigm least square means over the
nine month period (Table 2). The Nguni had the samsgnesium concentrations
between October and January most probably dueedcsdéme mineral levels in grass
during that period. Bonsmara and Angus steers Iradas magnesium concentrations

from July to October.
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4.3.4 Effect of breed and month on creatinine kinase, aspartate aminotransferase and
alkaline phosphatase concentrations

Both the breed and month (P>0.05) had no signifieffiect on CK activity. No month x
breed interactions (P>0.05) were observed. Morfgctedfd (P<0.05) AST activity while
breed did not (P>0.05). There was no month x breestaction (P>0.05) observed for
AST activity. The ALP activities in the three breedre shown in Figure 4.5. Both the
breed and month affected (P<0.05) ALP activity, bthe#re was no month x breed
interaction (P>0.05). The trend for the ALP activitas similar for all the breeds, with
the peak being observed in March. Angus had thbeesigALP activity, followed by

Bonsmara (Table 4.2). Nguni steers had the leagt édtivity.
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4.4 Discussion

All the steers used in this study were clinicalgatlihy and the parameters reported could,
therefore, represent ‘normal’ values for each hre€de observation that glucose
concentrations varied with month agrees with Grddinet al (2005), who reported that
glucose varied with season in Angus steers andi€rwgentino steers raised on veld.
Insufficient nutrient intake can reduce circulat@iyicose concentrations (Reynoles
al., 2003). Poor quality of the feed, which is usyakperienced during the dry season,
has been reported to affect blood glucose condentsa For example, Chimonyat al.
(2000) observed a significant reduction of the emi@ations of plasma glucose in winter
in cows. In this study, glucose concentrations pdak October, although no possible
explanations could be obtained. Blood glucose, hewdias a moderate diagnostic value
in the assessment of nutritional status of catlet aaries considerably (Coppat al,
2002). The moderate diagnostic value of glucosésis shown by the large standard error

bars for glucose.

Glucose concentrations obtained in the currentystoidall the breeds are similar to those
reported by Otteet al. (2000) for Angoni cattle of Mozambique, which wenaintained

on extensive rangelands. In an experiment whergrags was overseeded on Coastal
Bermuda grass, Hollenbeclet al. (2006), however, observed higher glucose
concentrations than those obtained in this study7(4/L for Angus and 6.37 g/L for
Bonsmara steers). The observation that Bonsmararsstdad higher glucose
concentrations than Angus agrees with Hollenketc. (2006). The finding that glucose

concentrations were low during the hot months ageih literature (Berne and Levy,
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1993; Grunwaldtet al., 2005). The absence of breed x month interactiongfacose
concentrations indicates that all the breeds redgabrsimilarly to seasonal temperature
and rainfall changes. The higher glucose conceatrmbbserved in Bonsmara and Nguni
steers than the Angus could indicate the adaptatibrthe two breeds to higher
temperatures. Hollenbeakt al. (2006) reported higher respiration rates in thegun
steers, which could explain the lower glucose cotreéions in these breeds than the
Nguni. More work, however, is required to determiine respiration rates and the effects

of thermal stress in Nguni cattle.

The pattern for the changes in cholesterol conagatrs was similar to that obtained for
glucose. Nguni steers had higher serum cholestenotentrations than the other two
breeds. The cholesterol concentrations observétkiiNguni cattle were, however, lower
than those reported by Ota& al. (2000) for Angoni cattle. In ruminants, cholestaso
mainly used as an energy source (Adaehial., 1997). However, high glucose
concentrations promote the secretion of insuliny(®é&s et al., 2001), which, in turn,
decreases cyclic adenosine monophosphate (cAMPgentnations, thus stimulating
cholesterol synthesis. Peak cholesterol conceotstifor all the three breeds were
observed when the BCS were also highest. The higi@lesterol and glucose
concentrations for the Nguni could also be relatmdhe physiological adaptation of
Nguni cattle for their energy needs (Nazfial.,2003) when searchirfgr feed (Farver,
1997; Otto et al.,, 2000). Thus, besides volatile fatty acids, glucgsevides a
considerable amount of energy in intramuscular @éptissue and skeletal muscles in

cattle (Overton and Waldron, 2004). The high cheled concentrations in the Nguni
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could suggest that it has more energy reservesttieother two breeds (Thradt al.,
2004). Ruegget al. (1992) reported a linear relationship between ettelrol
concentration and the body condition. As an indaceof lipolysis and utilization of body
fat for energy, the serum cholesterol concentratias high for all the breeds from July,

where feed quality was at its lowest.

The observed differences in TP concentration withntim could be explained by the
variation in grass quality (Chimonyet al., 2000). The TP concentrations observed
among the three breeds were similar to those dllaby Ottoet al. (2000) for the
Angoni cattle raised on veld. Various factors hbeen reported to influence total protein
concentrations. These include dietary protein mtaknd rumen degradability
(Slobodianiket al., 1999), dietary amino acid composition, proteinakd, liver and
kidney function, muscle tissue breakdown and dyetarbohydrate content (Brown and
Adjei, 2001; Naziet al., 2003; Thrallet al., 2004). However these factors did not vary
within breeds as observed in our findings. Sineettand for CK was different from that
of urea, the increased production of urea is ri@lyito be due to muscle catabolism.
Blood urea concentrations reflect short-term changeprotein metabolism and, thus,

could be used to explain TP and albumin concentrat{Payne, 1987).

Since TP and albumin concentrations were within tegerence ranges, the urea
concentrations below reference range are diffitmlexplain. Hollenbeclet al. (2006)
reported low urea concentrations for Angus steei® hmol/L) and (1.36 mmol/L) for

Bonsmara steers fed on ryegrass overseeded onaCBasinuda grass as compared to
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those observed in the current study. Urea condemrieaobserved in this study were,
however, lower than those obtained by Gital. (2000) (4.1 £ 1.1 mmol/L) in Angoni

cattle of Mozambique. Our findings could suggestt ttihe effective rumen degradable
protein from the veld was inadequate (Grunwatdtl, 2005). There is need to determine
the efficiency with which nitrogenous substances eonverted to amino acids and

muscle in these steers.

The marked increase in plasma creatinine concémrat July could be explained by the
recycling of urea, which increases when dietarytggnointake is low. When protein
intake is adequate or high, creatinine excretida urine increases (Thradt al., 2004).
Plasma creatinine concentrations have also beeortegbduring times of nutritional
deprivation, when protein is used as an energycso(Braunet al., 2003; Thrallet al.,
2004). Bonsmara steers had the highest creatironeeatrations, perhaps because of

their large striated muscle size (Strydetral, 2001; Thrallet al.,2004).

Month x breed interactions observed for globulimantrations indicate differences in
breed susceptibility to common diseases endemigchen area. The high globulin
concentrations in Angus, indicates it is more spBbke to parasites than the Nguni and
Bonsmara (Grunwaldet al., 2005). Elevated globulin concentrations also ssgge
chronic inflammatory response (Whitaketr al, 1999; Krecekand Waller, 2006). The
reduced albumin concentrations in the Angus, eapigcirom December to March,
further suggests the presence of a chronic diseash, as helminthosis (Van Hutert and

Sykes, 1996). The month effect on albumin concéotra could possibly be due to the
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seasonal differences in feed quality (Chimorgtoal., 2000) as serum albumin is a
sensitive early nutritional indicator of proteinatts (Doornenbalet al., 1988;
Slobodianiket al, 1999), because its plasma mean life (turnoveonly 16 days. The
high albumin concentrations observed in Nguni, esfig from November to March,
could, therefore, indicate their high protein ssatpossibly suggesting the higher
efficiency with which Nguni cattle utilize dietanjtrogen. The concentrations of albumin
in all the steers were within the expected rangedicating normal liver function
(Grunwaldtet al.,2005). Pyneet al. (1987) reported variations in albumin concentragio
could be used to assess the liver function. Thaatezh of albumin: globulin ratio from
December to March in Angus could be explained gy ltlgh globulin concentrations,
which could have been caused by a relatively higivadence of internal parasites (Thrall
et al., 2004; Grunwaldtet al., 2005). A decreasing albumin/globulin ratio could b

associated with low protein uptake (Fischbach, 20@8llach, 2000; Thrakt al.,2004).

The finding that month affected calcium concentradi contradicts reports on the lack of
month differences in beef cattle (Abdelrahmainal., 2002; Grunwaldtet al., 2005;
Yokus and Cakir, 2006). All the breeds had calczoncentrations within the reference
range. Our findings agree with McDoweli al. (2005), who observed seasonal changes
in calcium concentrations in sheep raised on véhd.November and December,
phosphorus and magnesium concentrations were lownigus steers (Goff, 2000;
Overton and Waldran, 2004). Subsequent increasesagnesium concentrations from
December to January were accompanied with increasedcium concentrations, as also

reported earlier (Ghamadit al., 1994; Goff, 2000; Thralet al., 2004). In the current
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study, phosphorus concentrations were high wheoogky TP and urea were low. Low
energy intake has been reported to increase senospporus concentration (Thretl al.

2004).

All the steers had normal AST activities, indicgtithat the animals exhibited similar
levels of muscular activity (Ottet al., 2000), as they were managed as a single herd.
However, Ottcet al. (2000) found higher AST activity in Angoni cattigised under veld
conditions than those we observed, indicating tiaisteers in the current study were not
travelling long distances in search for food. Ataahe furthest paddock was 2 km from

the cattle handling facility, where they were calésl for sampling once in two weeks.

The high ALP activity in the Nguni, possibly, sugtgethat their carcasses have a higher
bone: muscle ratio. It is expected that high ALBvé#y indicate rapid skeletal growth
(Doornenbalet al, 1988 Otto et al.,200Q Grunwaldtet al, 2005). There is a need to
evaluate carcass performance of Nguni animals laadbénefit of higher skeletal growth
as an adaptation mechanism (Strydetnal., 2001; Muchenjet al.,2007). All the breeds
had ALP activity falling within the reference ran@fearveret al, 1997). In addition to

skeletal growth, serum ALP indicates the zinc satuanimals (Adachet al, 1997).

4.5 Conclusions
The Nguni had high BCS, whereas Angus could nohtaai its condition throughout the
study period. Nguni steers had a higher serum gki@nd cholesterol, probably as an

adaptive measure to survive times of poor feed ityuahngus had high globulin
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concentrations during the rainy season, indicatisghigh susceptibility to chronic
infection. Nguni and Bonsmara had higher concentiatof phosphorus. Angus had the
least calcium and magnesium levels from Octobell D@cember. Further research is
needed to investigate differences in glucose amdesterol concentrations between the
Nguni and imported breeds and to determine coratmtis of cholesterol in the meat
from Nguni steers. Rearing an adapted breed thateffeciently utilize veld has great
economic benefits. There is, however, need to assegd effects on the response to pre-

slaughter handling stress.
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Chapter 5
Effect of breed on pre-slaughter stress response Angus, Nguni and

Bonsmara steers

Abstract

The effect of breed on the level of stress hormatedaughter was determined in forty
five 18-month old Angus, Bonsmara and Nguni steEne steers were slaughtered at the
East London abattoir, which is about 120km from Wwiversity of Fort Hare farm,
where the animals had been rais8drum creatinine and PCV levels were determined
before cattle transportation. Blood was also sathpleng the slaughter line soon after
throat slitting for the determination of cortisoleatinine and PCV. Urine samples were
collected for the measurement of creatinine, adiren@oradrenalin and dopamine levels.
Estimated glomerular filtration rate was also eated. Bonsmara had highest levels of
adrenalin (10.8nmol/mol), noradrenalin (9.7nmol/maind dopamine (14.8) levels,
whereas the Nguni had the least levels of adren@ibnmol/mol), noradrenalin
(4.6nmol/mol) and dopamine (4nmol/mol) levels. TiRguni had the highest serum
cortisol levels (216.65nmol/l) and Angus had thastdevels (93.75nmol/l). There were
no breed differences in serum and urea creatirgmeld, and on estimated glomerular
filtration rate (eGFR). Nguni steers were, therefdeast susceptible to transport and
handling stress than the other two breeds. Furssarch on the effect of transport and

handling stress on meat quality is required.

Key words: Packed cell volume, cortisol, dopamine, adrenalin
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5.1 Introduction

There is increasing interest in the measuremenstigfiss as an indicator of animal
welfare, nutritional status and disease. Domesticnals are transported for various
reasons including breeding and slaughter (Arthingibal, 2003; Fazio and Ferlazzo,
2003). Transportation can lead to distress, détetereffects on health, wellfare and,
ultimately, meat product quality (Tarrant and Gran@000; Borell, 2001). Whether a
stressor can be considered as harmful dependseowdi an organism is able to cope
with a threatening situation as it regains homesistgsheridaret al, 1994; Knowles and
Warriss 2000; von Borell, 2001) which can vary witteeds (Grandin, 1997)he age,
health status, genotype, and previous experientasimals can influence the way an
animal copes with stress (Warriss 2000; Wurtma®220Rough handling may be more
detrimental and stressful to animals with an ekbtgtdemperament compared to animals
with a more placid temperament. Dopamine, adrersadthnoradrenalin have been shown
to be good indicators of stress in animals (Mcgssnt al, 1997; Oczenski, 1999;
Wurtman, 2002). Cortisol is the most commonly meadguglucocorticoid released in
stressed animals (Tyler and Cummins, 2003; ¥a&gal., 2004) as elevated levels of
cortisol have been shown to have a significant chga the immune system, increase

blood glucose levels (Kanna al.,2000; Sapolsket al. 2000).

Transportation of animals for long distances isidely accepted as an animal welfare
issue (Knowles, 1999; Most and Holme, 2002). Tleeeboth economic and benevolent
reasons to attenuate transport and handling qtséskes, 2000; Arthingtoat al.,2003).

Temperament in cattle, which is heritable, mayaffee animal’s reaction to handling
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(Le Neindreet al, 1995). Studies on the heritability of temperamen beef cattle

estimate heritability as 0.48 (Stricklat al, 1980). Urine is the main elimination route
for catecholamines and glucocorticoids and exangtiducts in urine accumulate over
several hours. Thus, concentrations in urine carcdresidered as more indicative of
stress levels than those in plasma (lgawpl, 2000; Mostl and Palme, 2002). Therefore,

urine samples were used, in this current studytherassay of stress hormones.

Transport and handling stress have been observiedrease PCV (Fenwick and Green,
1986; Scopeet al., 2002). The increase reflects both a splenic respém stress and, to
some extent, dehydration. Creatinine has also bsed to assess the stress effect on the
functioning of kidneys (NRC, 2006; Scopeal, 2002). There is no information on how
Nguni, Bonsmara and Angus cattle respond to hagdhimd transport stress. A stress
tolerant breed, as indicated by low hormone levslgjore economic to rear than a non-
adapted one. Therefore, the objective of the custrdy was to determine the effect of
breed on level of hormones at slaughter. The hgsihtested was that breed had no

effect on level of hormones.

5.2 Materials and Methods
5.2.1 Study site and animal management
The study site and animal management are desciibeskctions 3.2.1 and 3.2.2,

respectively.
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5.2.1 Animals and sample collection

Blood samples were collected into red topped vaoetaubes with no anticoagulant and
into EDTA containing tubes by jugular-venipunctimem 45 steers at the farm 24 hours
before transportation of the animals to the abatftie steers were transported to East
London which is about 120 km away from HoneydatenfaDn the day of transportation,
the minimum temperature was 13G and the maximum was 24°Q. The steers were
kept overnight at the abattoir holding pens withéabd for 24 hours. Water was
available at all times. Cattle were slaughterecerafitunning with a captive bolt

suspended by a hind leg and exsanguinated.

Blood was sampled along the slaughter line intoutaner tubes containing EDTA
anticoagulant and the other one with no anticoagdad soon after the throat was slit.
Urine samples were collected from the slaughtex fiom the bladder of each animal
using a syringe into sampling bottles. The sampl#ids contained 6M hydrochloric acid

to stabilize the catecholamines. The samples werme frozen at -28C awaiting analysis.

5.2.2 Hormone and metabolite analysis

Creatinine levels were analyzed using a coloriroeguantitative reaction (Boehringer
PAP method)Packed cell volume for each steer was measurethdgtandard micro-
haematocrit method with a haematocrit centrifugel2000 rpm for 5 min. Serum
concentrations of cortisol were quantified usingramunoassay, as previously described
(Meunier-Salauret al, 1991). The interassay coefficient of variati®@V] was 4.6%.

Urinary dopamine and free catecholamines (noratireaad adrenalin) were assayed
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using an ion-exchange purification procedure foawby liquid chromatography with
electrochemical detection, as previously descrilptad/ and Mormede, 1997; Rugs al.,
2002). The interassay CV was 5.2, 4.7 and 4.1% digpamine, noradrenalin and

adrenalin, respectively.

Estimated glomerular filtration rate was determimedccordance with the method of Liu
et al (1999). Creatinine was used to correct for udihation (Hayet al.,2000; Klanteet
al., 1997) therefore, catecholamine levels were espresas ratios to creatinine

concentrations.

5.2.3 Satistical analysis

The effects of breed on PCV, creatinine, cortisaltecholamines and dopamine were
analyzed using Generalised Linear Models proceduwesSAS (2003). Pair-wise
comparisons between least-square means were cammpsireg the PDIFF test of SAS

(2003).
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5.3 Results

Table 5.1 shows PCV and serum creatinine levelngls, Bonsmara and Nguni steers
before and after transport and handling stressreTthvas an increase (P<0.05) in PCV
levels before and after transportation in all seshile no significant differences (P>
0.05) were obtained in serum creatinine levels feeénd after transportation of steers.
There were no breed differences (P>0.05) in creegtiand PCV levels before and after

transportation and handling the animals in prepardor slaughter.

Figure 5.1 shows the breed differences in adrenabradrenalin and dopamine levels.
Bonsmara had the highest (P<0.05) levels of adrenabradrenalin and dopamine levels

whereas the Nguni had the least (P<0.05) levels.

Figure 5.2 shows the breed influence on dopaminelde The Nguni had the highest
(P<0.05) serum cortisol levels (Figure 5.2) and éspad the least (P<0.05) levels. As
shown in Figure 5.3, there were no breed differer(€>0.05) in estimated glomerular

filtration rate (eGFR).
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Table 5.1: Packed cell volume and serum creatininkevels of Angus, Bonsmara and

Nguni steers before and after transport and handlig stress

Parameter

Before

transportation

After

transportation

P value

PCV (%)

Angus

Bonsmara

Nguni

Serum creatinine (umol/L)
Angus

Bonsmara

Nguni

33.33 (1.202)
29.93 (1.087)

31.73 (0.826)

98.60 (3.528)
106.10 (1.878)

106.90 (2.075)

36.00 (1.354)
33.36 (0.935)

35.71 (1.031)

87.50 (2.784)
91.29 (2.782)

92.87 (2.834)

P=0.021

P=10.130
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5.4 Discussion

Predicting secondary physiological outcomes resyitiom transportation is a challenge
because multiple stressors occur, often in comiosingt unique to a particular
transportation scenario or species. Nguni steaetigh levels of cortisol possibly due to
pre-slaughter stress. Transport and handling aperted to evoke an increase in
circulating cortisol levels (Cockram and Corley, 19%cottet al, 1993). It has been
documented that dopamine regulates cortisol seareti ewes (Sowerst al, 1983),
yearling steers and heifers (Browniagal, 2000) and cows (Ahmadzadehal, 2006).
Glucocorticoid secretiois, therefore, regulated, in part, by the dopangitesystenand
via dopamine receptors. With this argument, cortesed dopamine levels were both
expected to be high in Nguni. However according Goandin (1997), absolute
comparisons of cortisol levels between studies lshba done with caution, as cortisol
levels can vary greatly between individual animalsl breedFor example, cortisol
levels have not been found to correlate with stresswvine during transport (Browet

al., 1999; Hickset al. 1998).

The low cortisol levels in Angus and Bonsmara bresésdifficult to explain. However
in a study conducted by Koch (2004), Bonsmara hagiglasma cortisol concentration
following 30 minutes transportation compared to glesma cortisol concentrations prior
to transportation. Blechat al. (1984) reported similar findings in that Angus dee
steers also had decreased cortisol concentrat@lmving 10 hours of transportation.
These authors suggest that it was likely thatwlas due to the animals acclimating to the

trailer. Warrisset al. (1995) reported that cattle transported 10 oh tad an increase in
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plasma cortisol concentrations but the increasa® wikght and decreased with longer
duration of transportation. As the transportationet of these steers in the current study
was less than three hours, it is difficult to cawe that the Angus and Bonsmara had

acclimated to transportation as acclimation to odtwing a short trip is unlikely.

Bonsmara had high levels of adrenalin and noradrersd compared to Nguni and
Bonsmara thus confirming findings by Grandin, (19%f)d Gonyou, (2000) who
observed that genotype can also influence the ploggcal changes. The effect of
genetics is also well documented and an examplstrebs susceptibility in swine is
where sudden death following stress, is inherited bingle recessive gendaln). When
subjected to transport stress, the three Hal geeetyHalN/N, HalN/n, Haln/n) had
different cortisol concentrations immediately afteansport (Nyberget al 1988).
Catecholamine levels (adrenalin and noradrenalegrthrate, respiratory rate and packed
cell volume have been shown to respond immedidteliransport and handling stress
(Harriset al, 1999; Bonaciet al, 2006). Bonsmara is more susceptible to trangputt
handling stress as compared to Angus and Ngunitasad high adrenalin and

noradrenalin levels.

Estimated glomerular filtration rate was between @&@ 89ml/min thus indicating
possibly mild renal function impairment in all tis¢eers. However this finding is not
conclusive as the creatinine levels were withiremefice ranges (Farver, 1997). Serum
creatinine levels can be used to assess renalidan@reatinine concentration alteration

in stressed animals have been reported (Cole anchéidn, 1985), though in this study

102



no significant differences were found between tlewvels of creatinine before
transportation and after transportatittowever, an increased creatinine concentration
due to muscular activity and a decrease in renaletiwn because of vasospasm in the
kidney produced by catecholamines has been dedc(iarthoorn, 1976). Adrenalin
(40%) and noradrenalin (20%) cause a decreasenah Iobood flow, thus predisposing to
renal hypoxia (Guyton and Hall, 199@).the present study, it is difficult to quantifiyet
adrenalin and noradrenalin percentile increaseoagine was sampled prior to slaughter

for detection of basal adrenalin and noradrenalels.

The increase in PCV levels observed in this stdthr &#ansport and handling of animals
agrees with observations made by Ganong (2002) fifldiestep in stress response is the
activation of the sympathetic nervous system, dating the adrenal medulla and

releasing catecholamines (Montaeeal, 2003). Increases in PCV is associated with
splenic contraction caused by the effect of catiechmes on adrenergic receptors
located in the splenic capsule (Ganong, 2002) pantly to a reduction in plasma volume
(Wessonet al, 1979; Crosset al, 1988). Scopest al. (2002), however, found no

significant differences in PCV levels on the inflaenof stress from transport and

handling on PCV levels of racing pigeons.

5.4 Conclusions
Bonsmara had highest levels of adrenalin, noradreaad dopamine levels whereas the
Nguni had the least levels. The Nguni had the hlgkerum cortisol levels and Angus

had the least levels. There were no breed diffe®itt serum and urea creatinine levels,
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and on estimated glomerular filtration rate (eGFRlere was no difference in creatinine
levels in all the breeds whereas PCV increased #afiesport and handling slaughter.
From the results it can be concluded that Ngumase stress tolerant of the three breeds
and Bonsmara is more susceptible to stress. Furtsearch needs to be carried out to
determine the high cortisol levels and low dopam@els obtained in Nguni, and the
relationship between stress hormones and meattyulaifuture studies, pre- transport
and handling physiological events must be recordeatder to demonstrate and make a
comparison on non steady-state condition experctehgecattle while being transported

and handled.
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Chapter 6

General discussion, conclusions and recommendations

6.1 General discussion

Optimal productivity of beef enterprises can bensigantly enhanced by using
appropriate breeds for the local environment (Codbeal, 2005; Anderson, 2003). In
sub-Saharan Africa, the appropriate breed shoyte eoth variable feed supply, frequent
occurrences of droughts, high ambient temperatares high disease and parasite
pressures. Adapted breeds are also able to utilese otherwise unproductive resources
(Otto et al, 2000). The main objective of this study was $sess the nutritional and
health status of Nguni, Bonsmara and Angus stegssed on natural veld in the Eastern
Cape Province of South Africa. The null hypothebat there were no breed differences
in nutritional and health status of Nguni, Bonsmarad Angus steers was tested.

However breed differences were found.

In Chapter 3, body condition scores, body weightd faecal samples were collected
monthly. The BCS for Nguni were high despite the plmoage quality during the dry
season and post-rainy seasons when grass qualitidvbe reduced. This, therefore,
indicated the adaptation by Nguni to the local emwnental conditions. The BCS and
body weight for Angus declined from September udéhuary. A common feature of
infections with gastrointestinal nematodes and &atexhes is a reduction in voluntary feed
intake, and in moderate to heavy infections foddka can be reduced by 20% or more
(Coop and Kyriazakis, 2001). As described in Chapteparasite infestation varied

seasonally. High levels of internal parasites wdagerved during the rainy season, which
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could be due to the moist conditions favouringhtehing of eggs (Axforét al.,2000).
Haemonchus placei, Cooperia pectinita Trichostrdngy Cooperia pectinita, Fasciola
and Oesophagostomum radiatumvere the predominant internal parasites observed.
Internal parasites use dietary nutrients from tbst ho multiply and survive (Kadimet

al., 2000) while some parasites suctHa®monchuspp. suck blood from the animal for
their nutrition. In December, low PCV levels weresetved in the Angus, which
coincided with high levels of increaseldemonchugevels. Nguni had higher PCV levels
and lower parasite infestation levels than Angu$ Bansmara. The high PCV confirms
the resilience of the Nguni to internal parasitbiil€ahy et al., 2004). Of the three
breeds, Angus was more susceptible to internalsgasashown by its high infestation

levels.

Besides using body weights and condition scoresssessing the nutritional status of
cattle, haematology and blood metabolites have begaasingly used as a management
tool in beef cattle production (Grunwalét al., 2005; Agenaset al, 2006). Breed
differences on these parameters were described apt@h4. Blood samples were
collected monthly for the assessment of nutritiatatus of Nguni, Angus and Bonsmara.
Albumin levels decreased from December whereasugltoldevels increased, which
could, most likely, have been due to parasite tafes (Parkins and Holmes, 1989).
Similar to the trends in body condition scores,ng&s in blood constituents related to
protein, carbohydrate, lipid and mineral metabolis@aried with each breed and monthly.
Nguni steers had higher serum glucose and chotédésrels than the other two breeds.

The higher cholesterol and glucose levels for tigarl cattle could also be related to the
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physiological adaptation of Nguni cattle for theivergy needs (Naet al, 2003) during

winter where forage quality is low. Nguni had thghest magnesium and phosphorus
levels, probably indicating the efficient utilizati of feed by the Nguni steers. Minerals
are essential for livestock as sub-clinical deficemay go unrecognized thus causing a

reduction in growth and efficiency (Grunwakttal, 2001).

When steers used in the study were transportechdoabattoir for slaughter, breed
differences in handling and transportation stressewletermined. Chapter 5 described
the breed differences in urine adrenalin, noradigndopamine and serum cortisol,
creatinine and PCV levels. Bonsmara steers were rsaseeptible to transport and
handling stress as they had the highest leveldnalin, noradrenalin and dopamine
levels followed by the Angus. Fear responses iradiqular situation are difficult to

predict because they depend on how the animal ipesc¢he handling or transport
experience. The animal’s reactions are governed lmpmplex interaction of genetic
factors and previous experiences (Grandin, 19%97)hik study, previous experiences of
the steers was assumed to be the same as thesevgtee raised under one herd until
slaughter at 18 months. Rough handling may be mhetrgmental and stressful to animals
with an excitable temperament as was shown by #tewour of Bonsmara steers
compared to animals with a more placid temperanseith as Nguni (Tarrant and

Grandin, 2000).
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6.2 Conclusions

The BCS for Bonsmara increased similarly with the sofer the Nguni, but the
Bonsmara began to lose their body condition in th&-painy season. The prevalence of
helminth parasites was lowlaemonchus placei, Cooperia pectinitaichostrongylus,
Cooperia pectinita Fasciola and Oesophagostomum radiatumere the predominant
parasites. Nguni cattle had lower levels of inteperasites and higher PCV levels as
compared to Bonsmara and Angus. Nguni steers habehigerum glucose and
cholesterol as compared to Bonsmara and Angus. NgughBonsmara had higher levels
of magnesium, phosphorus and calcium. Nguni cattierefore, utilize available feed
efficiently. Bonsmara steers had the highest cataatine and dopamine levels whereas
the Nguni steers had the least levels, suggestiafy Bonsmara cattle were more
susceptible to stress whereas Nguni cattle wereleghst stress tolerant of the three

breeds.

6.3 Recommendations

In the current study, Nguni has been shown to eutspm Bonsmara and Angus steers
when raised on natural pasture. Farmers can thereéar the Nguni adapted breed to
improve their livelihood as rearing this breed rieeg low inputs such as feed and
veterinary medicine. Rearing a stress tolerant bseetl as the Nguni has several merits
for farmers as cattle which are more susceptibleansport and handling stress have
been shown to produce meat of poor quality whichuisdesirable for human

consumption.
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The following aspects, however, requires furtheestigation:

1. SeasonaVariation of nutritionally-related blood metabositef Nguni cattle in the
communal areas should be determined. In additiom,efffect of age, sex and
physiological status on the levels of these bloedatmolites needs to be assessed.

2. Since energy is the most important nutrient affecanimal performance, there is
need to evaluate the levels of energy-related bimethbolites, such as NEFA
and BHB in Nguni cattle.

3. Further research is required to investigate rasistatolerance of the Nguni to
diseases and droughts, which occur frequently inutl&on Africa. The
mechanisms of inheritance patterns for resistancmternal parasites, such as
Haemonchuspp. are not fully understood. The Nguni Majortbe®mpatibility
Complex (MHC), which may be involved in conferringcieased resistance or
tolerance to internal parasites, also needs fuitivesstigation.

4. Further research is needed to investigate the pakeof safe organic meat
production from the Nguni cattle for the benefittbé consumers and the rural

farmers.
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