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ABSTRACT

A total of one hundred and twenty (Arbor Acre plus) day old broiler chickswere used to study the effect
of graded levels of dietary copper sulphate on performance and immunological response to Newcastle
Disease Vaccine. At one week of age, the birds were randomly divided into three groups, (A, B and C)
of forty chicks each. Groups A and B were respectively fed diets supplemented with copper sulphate at
240 mg\kg and 120 mg\kg of feed while group C was the control fed normal unsupplemented starter
mash. These diets were fed to the various groups till five weeks of age when they were changed to
broiler finisher with same levels of copper supplementation as in the starter stage until eight weeks of
age when the study terminated. The various diets were fed ad-libitum and water given free-choice to
the birds. The mean live-weights of the various groups were determined weekly. All the chicks were
also routinely vaccinated with Newcastle disease virus vaccine at week four. At twelve days of age, six
chicks per group were randomly selected and 5mls of blood collected from each for the determination
of packed cell volume and serology using the haemagglutination inhibition test. There was an initial
copper concentration dependent suppression of growth (p<0.05) in the two groups that received copper
sulphate supplemented diets. However, after the third week the copper supplemented groups had
overtaken the control (p<0.05), with the two supplemented groups A and B having comparable weights.
At the end of the study (week 8), group A had significantly higher (P<0.05) mean live-weight relative to
B and C while B was significantly (P<0.05) higher relative to C. The significantly higher packed cell
volume recorded for the supplemented group was copper concentration dependent. The antibody titre
to the Newcastle disease virus vaccine also showed a copper concentration dependency. In conclusion,
the results suggest that copper sulphate at the concentration used in this study may be added to the diet
of broilersas both growth promoter and immune modulator.

INTRODUCTION
Currently, there is a growing global demand antization of animal source food (ASF) like meat, knil
and egg, occasioned by improved earnings and wdsdonm that have resulted in changes in traditional
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eating habits [1]. There is also increased awarewnédietary qualities of these products as well as
increased demand due to growth in human populatirstaining this increased appetite will requioé n
only improvement in the total number of animals lalgo in the unit productivity shown in feed
efficiency, egg lay and milk production.

As a means of improving productivity, increaseddfesfficiency per animal, reduction in disease
incidence, addition of sub therapeutic doses abamntics to feed have been widely used to imprdwe t
productivity of animals [2]. However, due to ret@oncerns over the development of resistance by
animal and human pathogenic bacteria to some cdionah antibiotics, their uses as feed additivegeha
become suspect. The situation has called for @teer compounds with antimicrobial and health
enhancing properties that will not compromise tlealth of the consumers. One of such alternative
compound is copper.

Over the years, copper has been added to poulats dh excess of its nutritional needs as an
antimicrobial and growth promoter [3]. Earlier ditgs on the use of this element in poultry feedastb
that copper acts in an antibiotic fashion by inflc@g gut microbial growth. It has also been shomat
copper alone or in conjunction with zinc play @étiroles in immune-modulation in livestock and lgu
[4,5]. Both compounds (Cu and Zn) are also reguiog growth and development [6,7]. Besides being
essential for the development and maintenanceeohtmune system, the deficiency of copper negativel
impacts on growth rate, causes anaemia as wetpasductive failure in animals [8,9].

Animals fed copper-deficient diets had reduced baxly forming cell responses [10] resulting in
increased susceptibility to infections [11,12]. eTgrowth promoting effect of dietary copper hasrbee
attributed to its antimicrobial action [13] and thehancement of synthesis and retention by stiinglat

hormone and growth factors in broiler chickens 154,

Presently, there exists an urgent and challengaegl o source feed additives that will not onlynsiate

the immune function as a measure to promote resistand resilience to pathogenic microbes, suppress
bacteria responsible for mild but unrecognizabfeations, depress formation of toxins, reduce eutri
use by bacteria and finally enhance nutrient alisorwith decreased immune stress that could cause
shift in protein synthesis in animals [16]. Morenvié has been highlighted that nutrient requiretaen
applied today are those based on researches ceddaiobut four decades ago for stocks of indigenous
temperate genotype [17].

Since the possibility of disease challenge is atwvpgesent in today’s poultry operations, the bird’'s
metabolism and immune system are constantly adgsti the stress and therefore, nutrient requirémen
may need to be adjusted at certain periods inifin@f the bird. Moreover, accelerated growth isally
accompanied by impaired development and functiothefimmune system. Thus, it is the objective of
this study to investigate the effect of dietary @ementation with graded levels of copper sulploate
production and the immune response of broiler chtokNewcastle disease virus vaccine.

MATERIALSAND METHODS

Experimental Animalsand their Management

A total of 120 day old Abor Acre Plus broiler chickvere used for the study. All the necessary
hygienic/biosecurity measures were taken prioth® drrival of the chicks to the Poultry Development
Unit of the Department of Animal Health and Produet University of Nigeria, Nsukka. Prior to the
procurement of the chicks, the brooding pen waspswian and disinfected while the drinkers and
feeders were also washed adequately and disinfedesdspaper sheets were laid on the floor. On altriv
the chicks were kept in a warm brooder pen. Theyewetra-ocularly vaccinated against Newcastle
disease using New castle disease vaccine Lasaia stn procurement. At week 3 of age, they were all
vaccinated against Infectious Bursal Disease (IB&)g the same route. All the vaccines were pextur
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from the National Veterinary Research Institute VVdatateau State, Nigeria and the manufacturer's
instructions utilized in both reconstitution andpmlknsing. All the birds in each dietary group were
closely monitored for clinical signs of ill healémd feed consumption. At week four of age, allchieks

in the various dietary groups were again vaccinatgd-ocularly using the Lasdtastrain of Newcastle
disease vaccine.

The chicks were housed together for the first salays during which they were fed broiler startesima
(Top Feeds Nig. LTD, Proximate composition Table Water was provided ad libitum while warmth
was provided using kerosene stove and a hoover.

At day seven post hatch, the chicks were randorivigled into three equal groups A, B and C, (n=40)
and housed in three separate pens each measusing The brooders were started on three diets based
on the addition and levels/concentration of coppdphate in the commercial broiler starter andshier
diets (Top Feeds, Nig. LTD, proximate analysis,|&al). From day 7 post hatch till the end of thedgt
groups A and B chicks were respectively fed diaiataining 240 mg\kg and 120 mg/kg of copper
sulphate. Group C chicks remained on the broiltesr mash devoid of supplementary copper sulphate

Table 1. Declared proximate composition of the starter and finisher diets(Top Feeds Nig. Ltd)

Ingredient type Broiler starter (%) Broiler finisher (%)
Crude protein 22.00 18.00
Metabolizable energy (Kcal.) 2900 2900

Crude fibre 5 5

Fats 6 6

Methionine 0.55 0.34

Lysine 1.20 0.85

Available phosphorus 0.45 0.40

The chicks in each dietary group were maintainedilaim on their respective broiler starter diéts
four weeks. Thereafter, their diets were changeoroiler finisher but with their respective addits or
absence of copper sulphate. This diet was fedriother three weeks during which the chicks atthine
eight weeks of age post hatch when study was tetetn

Determination of Growth Performance

At day seven post hatch, when the random groupivege carried out all the chicks in every dietary

group were weighed with a weighing balance to deitez their live-weights and mean group live-

weights. This exercise was repeated weekly tilfdthweek of study to be able to assess the growth
performance of the various dietary groups. Théeeeafrom week four of age, six birds were randomly

selected at weekly intervals and the group avelageweights determined accordingly. This was

repeated weekly till week eight of age when thalgtwas terminated. The various means and the
standard deviations of mean weight of each diedesyp were calculated.

Blood Coallection and Processing

On day twelve post hatch 5mls of blood was coflédtom six randomly selected birds in each group.
These were used to determine the baseline valuahdd®CV and antibody titre levels respectively. A
week seven of age, and twelve days post vaccinatitnNewcastle disease vaccine (LaSpt&mls of
blood was collected from each chick via the jugaliawing vein using a sterile syringe and needbenfr
six birds randomly selected per dietary group. @m#iliter (1ml) of the blood was dispensed into
anticoagulant (ethyl diamine tetra-acetic acid, BpTontaining bottles for the determination of pedk
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cell volume using standard procedures [18]. Theairing 4mls were dispensed into sterile bottles
devoid of EDTA to enable coagulation, serum foromtand recovery. The sera were harvested after
clotting and kept in clean Eppendorf tubes andestan at 4°C for use in serological studies.

Haemagglutination Inhibition Test (HIT)

The serological technique employed in the study tha@shaemagglutination inhibition test (HIT) [19].
Determination of antibody titer in the serum sampts day 12 post hatch and 14 days post Lasota
vaccination was carried out using ND LaSots the antigen [20]. The geometric titer (GMT) was
determined as described by Villegas and Purchdde [2

Statistics

Statistical analysis was conducted using SPSSorefi$ for Windows. Data on body weight (Bwt), was
analyzed by repeated measure analysis of variat©OYA) in general linear model (GLIM). The
student t test was used to compare differenceseeetuneans of the PCV and the antibody titres. The
acceptable level of significance was P<0.05.

RESULTS

Growth Performance

The changes in mean live-weights as a measureositigrrate are as shown in Table Zhe control
group had an initial growth advantage over thosgpmented with copper sulphate. There was a
positive correlation between levels of supplemémtaand growth suppression, thus, between weeks |
and 2 of supplementation, group A had significaffy0.05), lower mean live-weight relative to gopu

B while the respective values in both groups A 8ndere significantly (p<0.05) lower relative to the
value of the control. However, at week 3 post comreenent of supplementation, groups A and B had
comparable live-weights while both groups had gigamtly (P<0.05) higher mean live-weights relative
to the control. On weeks four and five, copper Batp supplemented groups still showed superior tirow
relative to control. The moderately supplementemligrB chicks had higher mean live-weight on week
four but by week five group A had mean live-weigignificantly higher relative to group B (p<0.05).
However, groups A and B had superior weight reéativcontrol (p<0.05).

Table 2. Changesin live weight of birdsin the various dietary groups (gm)

Weeks post hatch Dietary groups

Group A Group B Group C
(240 mg/kg CuSO4) (120 mg/kg CuSO4) (Control; No CuSO4)
0 140.0+0.2 140.0+0.2 140.0+0.3
1 350.0+ 0.6 330.0+ 0.8 360.0+0.9
2 726.0 0. 708.0+ 1.1 745.0 £ 0.7
3 1170.0 £ 0.2 1180.0+ 1.B 1140.0 £ 0.8
4 1697.0 + 4.0 1860.0 = 0.6 1640.0 + 1.0
5 2680.0 £+ 0.1 2540.0 + 2.0 2240.0+1.8

a9\1eans in a row with different superscripts are gigantly different (p<0.05).

Packed Cell Volume

The PCV mean values of three groups at day 12hmash were 29%, 27% and 28% percent respectively
for groups A, B, and C. The values of the PCV far various dietary groups determined at the erteof
study period were 31%, 28% and 26% for groups Aaiid] C respectively. Thus, the PCV of group A
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was significantly (p<0.05) higher relative to greup and C while B was significantly (p<0.05) higher
relative to group C. However, all the values arthiminormal range for clinically healthy chicken.

Serological Analyses

The result of the serological analysis of the blsathples taken at day 12 post hatch of the chiegks w
6.0, 6.4, and 6.0 titres respectively for groupsBAand C respectively. The result of the seroldgica
analyses to determine the immune response to Nde/alisease vaccine by the various dietary groups
gave the titre values of 9.4, 6.6 and 5.8 for geopB, and C respectively. Group A had a signifiba
higher titre level relative to groups B and C whit®up B had significantly (p<0.05) higher titrdatéve

to C.

DISCUSSION

The results of this study demonstrated that dietapplementation with copper sulphate promotes tirow

in broiler chicks. There was an initial growth stggsion observed among the copper supplemented
groups. This suppression in growth was copper atregon-dependent and was believed to be dueeto th
initial reaction of the bird’s gastro-intestinah¢t to copper sulphate; a reaction that also ireeheduced
feed intake [23, 24]. Previous studies have regottat high levels of copper in the diet could @us
injury to duodenal villi with interference in fegilyestion and absorption [25] or interfere negdyiwveth

both giozzard and liver functions [26, 27, 28].skamet al. [29]) had also reported oral lesionkiging
gizzard damage in birds given more than 169mg\Keed.

The lineal concentration dependent reaction to eopppplementation in this study was transient aith
accompanying reduction in feed intake which was sighificant. Both the reduced feed intake and
growth suppression were short lived and by thedthreek the supplemented groups had comparable
mean live weights which were significantly highdan the control. The enhanced growth was more
pronounced in group B which could indicate earfiesolution of the Gl reaction as a result of lower
damage arising from lower concentration of coppethe diet of that group. In their study, Pesti and
Bakalli [3] demonstrated that dietary supplementatiith copper had no growth promoting effect withi
the first three weeks of life but between days 8d 42. Moreover, Samana et al. [30] reported that
copper supplementation at 150 mg\kg of diet gawggaificantly higher growth promoting effect than
250 mg\ kg. This agrees with our finding especiallth respect to the period of supplementation Wwhic
in their case was within the first twenty one dpgst hatch.

Generally, our result showed that the positive affif copper on weight gain and feed efficiency was
most evident during the finishing period. Thisrisaigreement with previous studies that reportedipes
gain in live-weight in broilers as from 35 days pbatch [3, 15, 16, 28, 31, 32, 33]. It has beemnsh
that copper improves feed metabolizability withreesed dietary energy level as was the case diiméng
finishing period [34]. This may be responsible foe late manifestation of the observed lineal and
progressive significant increase in live-weighthwliigher dietary copper concentration.

Copper significantly raised the PCV of the broiteicken as earlier reported ([22,23]. According28]
copper plays a role as a co-factor in haematogenkss one of the most critical elements in lioek
because it is necessary for haemoglobin formatioon absorption from the Gl-tract and iron
mobilization from the tissue stores [35]. Withimetlevel of our design, the effect on PCV follownaed
concentration gradient with higher copper conceioina producing higher PCV which agrees with the
established role of copper.

Dietary copper supplementation in form of coppelplsate significantly increased anti body titre to
NDV. Earlier reports showed that copper plays apdrtant role in immune-competence, including the
development and maintenance of the immune systeriZ836] and that copper deficiency results in
reduced immune-competence shown by reduced antitemponse including increased susceptibility to
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infections [10, 11]. Moreover, Hosseini et al. [37dd also shown that antibody titres to NDV was
elevated by increasing dietary copper supplememtadit 30, 70 and 105 mg/kg of diet respectively.
Specifically, Arshami et al. [38] showed that coppepplementation increased the titre levels ofard
Igy as well as the relative weights of lymphoidamg like the bursar of Fabricius and thymus.

In conclusion, therefore, copper sulphate at treedietary levels used in this study, appears ta geod
growth promoter especially during the finishing ipdrof broiler chicks. However, there is need for
further studies to determine the critical inclusiatio of copper in feed for optimal performancel afso

to explore the role of copper in immune-competandgoiler chick as a check against poultry patimsge
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