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A study was conducted to evaluate the effect of protein supplementation on body weight and dressing 
percentage of West African Dwarf (WAD) goats infected with mixed gastrointestinal (GI) nematode 
infections. Twenty worm free male WAD goats aged 6-8 months were assigned to four groups (A-D) of five 
animals each based on body weight. Animals in groups A and B were fed forages and supplemented with 
concentrates while groups C and D were fed only forages. Groups A and D were experimentally infected 
with Haemonchus contortus (Hc) and Trichostrongylus colubriformis (Tc) while B and C were not 
infected. The goats were exposed weekly to trickle escalating infection with the infective larval stage of 
the parasites (L3), at single doses of 500 L3 in week 1,  1000 L3 in week 2, 2000 L3 in week 3 and 4000 L3 in 
week 4. Body weight, faecal egg counts (FEC) per gram of faeces and worn burden (Wb) were determined 
using standard procedures. Dressing percentage was determined at the end of the experiment after the 
animals were humanely sacrificed. The results showed a There was a significant negative correlation 
between worm burden and day 42 (D42) body weight (rp = -0.76; P = 0.01). BCS on D42 was also 
significant and negatively correlated with worm burden (rs = -0.72; P = 0.02). The mean dressing 
percentage of the groups A and B were significantly higher than groups C and D (P< 0.05). The mean, ± 
S.E.M, dressing percentages for groups A, B, C and D were 59.4 ± 0.6, 60.6 ± 0.7, 56.8 ± 0.4 and 52.4 ± 2.0 
respectively. There was no significant difference (P > 0.05) between groups A and B. There was a 
significant positive correlation between D42 worm burden and faecal egg counts of both Hc and Tc on 
D40 and D42 (rp = 0.74; P= 0.01). We concluded that supplementation ameliorated the negative impact of 
the infections on body weight and therefore, improved the dressing percentage. 
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The WAD goat is of major economic importance to rural 
communities. It serves as a ready source of supplementary 
income, constitute a major component of the scarce animal 
protein supply, helps in bush control and provision of 
organic manure to farmlands, and a source of raw material 
to leather industry.  

Efforts to improve the rather low productivity of the WAD 
goat through modern intensive rearing and management 
have been hampered by difficulties in preventing and 
controlling major infectious diseases. Gastrointestinal 
parasitism is an important health constraint in goats, which 
limits their productivity by impairing weight gain (Githigia et 
al., 2001), depressing milk production, altering body 
composition leading to condemnation of carcasses and 
organs (Coop, 1982) and death among kids. 

The only modern worm control option available to goat 
farmers is the use of anthelmintics. However, research has 
now focused on the alternative control strategies that are 
sustainable and affordable to small scale goat farmers. 
Some of the strategies being considered are, manipulation 
of host nutrition (Van Houtert and Sykes, 1996; Coop and 
Kyriazakis, 1999), development of parasite resistant 
genotypes (Mandonnet et al, 1996; Pralomkarn et al., 
1997), the use of plants secondary metabolites 
(Athanasiadou et al., 2003; Min and et al., 2003) and 
nematode-trapping fungi (Valencia et at., 2008).  Previous 
studies have demonstrated the effects of GI nematodes on 
haematological and parasitological effects on WAD goats. 
However, the effects on dressing percentage in WAD goats 
has not been given due attention. Therefore, this 
experiment was conducted to determine the effect of 
experimental mixed nematode infections on the dressing 
percentage and the body weight of WAD goats.  
 
 
MATERIALS AND METHODS 
 
Animals and their Management  
 
Twenty healthy male WAD goats aged between 6 - 8 
months were sourced from local markets. The animals 
were identified using a neck tag, weighed to determine 
their live weights and the body condition scores were 
assessed. Subsequently, all the animals were drenched 
with the anthelmintic fenbendazole (Panacur

R
) at 7.5mg/kg 

body weight and a coccidiostat diclazuril (Vecoxan
R
) at 

1mg/kg body weight. In addition, they were vaccinated 
against peste des petits ruminants (PPR) and the whole 
body liberally dusted with insecticide/acaricide powder (6% 
permethrin) to rid them of ectoparasites. They were also 
treated prophylactically with oxytetracycline (Tridox)

R
, at 

the dose rate of 20mg/kg body weight. Animals were fed  
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twice daily (9.30am and 3.30pm) with cut-and-carry 
forages harvested from experimental plots inaccessible to 
other livestock. Groups A and B were supplemented daily 
with 300 grammes of concentrate mix containing 17.06% 
crude protein in addition to the forages. The feed was 
analyzed using AOAC (2000) procedures, while neutral-
detergent fibre (NDF) and ash were determined according 
to Goering and Van Soest (1970). Water was provided ad 
libitum. 
 
 
Experimental design. 
 
The goats were assigned to four groups labeled A, B, C 
and D, with five animals per group. Groups A and B were 
supplemented while C and D were fed only forage. The 
experimental animals were acclimatized for four weeks to 
adapt to their respective diets. Groups A and D were 
selected and infected with Hc and Tc at the end of the 
adaptation period, while group B and C were not infected. 
On the first day (D0) of the infection, a single dose of 
500L3 was administered to the infected groups. Doses of 
1000 L3, 2000 L3 and 4000 L3 were administered in the 
second, third and fourth week respectively. Body weights 
and body condition scores were determined on D0, and 
then subsequently on a weekly basis while feed intake was 
determined on a daily basis. At the end of a 42 day period, 
the animals were humanely sacrificed and both the 
abomasal and intestinal worms were recovered for worm 
counts. The carcass was then weighed to calculate the 
dressing percentage.  
 
 
Determination of feed consumption. 
 
Left-over forage was carefully recovered every morning 
from each pen before fresh forage was offered to the 
animals and weighed. The difference between what was 
given the previous day and the leftover forage was taken 
as the forage consumed by all the animals in the group. 
The same was done for the concentrates for those groups 
that were fed concentrate.   
 
 
Body weight and body condition score.   
 
A weighing balance was used to measure the live weights 
of the animals as described by Nnadi et al. (2007). Animals 
were weighed on the day of arrival and weekly thereafter 
till the end of the study. Mean weekly gain in body weight 
per group was thereafter calculated by subtracting the 
mean body weight of the previous week from the current 
one. The body condition scores (BCS) of all the animals 
were also assessed on arrival and subsequently once 
weekly (Detweiler et al., 2008). 
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Haemonchus contortus and Trichostrongylus 
colubriformis.   
 
Infective larvae (L3) of  local strains of Hc and Tc  isolated 
from WAD goats, in Nsukka area and subsequently 
maintained in worm-free WAD goats (Musongong et al., 
2003) was harvested from faecal cultures of donor goats 
kept at the experimental parasitology animal house. The 
recovered L3 were stored at 10

0
C in a refrigerator and 

used within two weeks of recovery from cultures. The 
methods of preparation of larval inoculums and 
administration of larvae were as described by Fakae et al. 
(1999). Infected animals were placed on a regime of, 
escalating infection (Chiejina et al., 2005) for four 
consecutive weeks. The relative proportions of Hc (40%) 
and Tc (60%) L3 in the inocula were determined. 
 
 
Faecal worm egg count and worm burden.  
 
Fresh faecal samples were collected from all infected 
animals once a week between D0 and D14 and 
subsequently daily from D15 until patency in all the 
infected animals to determine prepatent period, using 
centrifugal flotation in saturated salt (NaCl) solution 
(Hansen and Perry, 1994). After patency was established 
(D23), faecal egg counts (FECs) were carried out twice 
weekly using a combination of salt flotation and a modified 
MacMaster technique (MAFF, 1971; Hansen and Perry, 
1994). The two weekly FECs were averaged and the data 
expressed as weekly FEC for each goat from which mean 
weekly group FECs were determined. At termination of the 
experiment all the infected animals were humanely 
sacrificed and worms recovered for total and differential 
worm counts as described by Fakae et al. (1999). 
 
 
Determination of carcass dressing percentage.  
 
Immediately after slaughter animals were singed and 
eviscerated. The eviscerated warm carcasses were 
weighed to determine carcass weight, which was used, 
together with the appropriate live weight of each animal, to 
calculate the dressing percentage 
 
 
Statistical Analysis.  
 
The data collected were analyzed using the statistical 
package SPSS (version 15.0 for windows). Data on FECs 
and worm burdens were normalized using log10 (FEC +1) 
and log10 (wb +10) respectively. Carcass dressing 
percentage was analyzed using one-way ANOVA. Data on 
other parameters (body weight, BCS and feed intake) were 
analyzed by repeated measures analysis of variance 
(rmANOVA) using General Linear Model (GLIM) (Crawley,  

1993) with time as the within subject factor and treatments 
as between subject factors. Correlations between variables 
were analyzed by Pearson’s Test. Probabilities (P) of 0.05 
or less was considered significant. 
 
 
RESULTS 
 
Body weight 
 
The body weight of goats in supplemented groups (A and 
B) increased throughout the period of the experiment. 
However, those of goats in the unsupplemented groups (C 
and D) remained static during the first 14 days of study, 
followed by a period of loss in body weight. Comparison 
between the mean increases in A and B showed that these 
were comparable (figure. 1). However, at the end of the 
study, groups A and B gained 14.4% and 18.7% of their 
initial (D0) body weight, respectively. In contrast, groups C 
and D lost 9% and 22% of their D0 weight, respectively, 
over the same period. The effect of diet on body weight 
gain was significant (F3,16 = 5.21, P < 0.011). The mean 
body weight of A and B were comparable throughout the 
period of study (F1,8 = 1012.6, P > 0.05) as well as between 
groups C and D (F1,8 = 193.8, P > 0.05). However, there 
was a significant difference between A and D (F1,8 = 285.3, 
P =0.01) and between B and C (F1,8 = 614.5, P= 0.009).  
 
 
Body condition score 
 
There was a strong correlation between diet and BCS as 
shown in figure 2. Diet had a significant effect on the BCS 
(F3,16 = 1.46, P < 0.001). Groups A and B had comparable 
BCSs but A was significantly higher than D (P < 0.05). 
Similarly, the BCS of group B was significantly higher than 
C (P < 0.05). However, the BCS of groups C and D were 
comparable (P > 0.05). 
 
 
Feed intake 
 
The patterns of feed consumption in groups A and B were 
similar, while those of groups C and D were also similar 
(figure. 3). Generally, diet had a significant effect on feed 
intake among the various groups (F3,16 = 6.63, P = 0.004). 
Group A consumed a significantly lower amount of feed 
than B (F1,8 = 4.9, P = 0.04), while the amount of feed 
consumed by C was significantly higher than D (F1,8 = 1.01, 
P = 0.043). Group B was significantly higher than D (F1,8 = 
9.56, P = 0.011) but was not significantly different from 
group C. Group A also consumed a significantly higher 
amount of feed than D(F1,8 = 5.46, P = 0.012), but no 
difference was observed between A and C .   
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Figure 1. Effect of H.contortus and T. colubriformis infections on body weight 

 

Legend 

Group A – Infected supplemented 

Group B – Uninfected supplemented 

Group C – Uninfected un-supplemented 

Group D – Infected un-supplemented 

 

 
 

Figure 2. Body condition scores of experimental goats 

 

Legend 

Group A – Infected supplemented 

Group B – Uninfected supplemented 

Group C – Uninfected unsupplemented 

Group D – Infected unsupplemented 
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Figure 3. Variation in feed intake of experimental goats 

 

Legend 

Group A – Infected supplemented 

Group B – Uninfected supplemented 

Group C – Uninfected unsupplemented 

Group D – Infected unsupplemented 

 

 
 

Figure 4. Dressing percentage of experimental goats 

 

Legend 

Group A – Infected supplemented 

Group B – Uninfected supplemented 

Group C – Uninfected unsupplemented 

Group D – Infected unsupplemented 
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Carcass dressing percentage 
 
Figure 4 shows the mean carcass dressing percentage of 
the various groups. Groups A and B had a significantly 
higher dressing percentage than groups C and D (P< 
0.05). The mean, ± S.E.M, dressing percentages for 
groups A, B, C and D were 59.4 ± 0.6, 60.6 ± 0.7, 56.8 ± 
0.4 and 52.4 ± 2.0 respectively. There was no significant 
difference between groups A and B. However, there was a 
significant difference between group D and groups A, B 
and C (P < 0.05).  
 
 
Faecal egg counts 
 
Figure 5 shows the FEC profile of the infected groups. 
Patency was established in both groups on D23, and on 
D29, all the animals became patent. Peak mean FECs in 
groups A and D occurred on D40 and D38 respectively. 
The mean FEC for group D was significantly higher than A 
(F1,8 = 13.59, P < 0.001).  
 
 
Worm burden 
 
The combined H. contortus (Hc) and T. colubriformis (Tc) 
worm counts are illustrated in figure 6. Group A had a 
mean, ± S.E.M. worm burden of 102 ± 22.4 due to H 
.contortus while group D had 326 ± 51.34 due to the same 
species which was significantly different (P < 0.05). 
Similarly, group A mean, ± S.E.M. for T.colubriformis 
burden was 712 ± 101.6, while group D had 1102 ± 115.68 
due to the same worm specie which was also significantly 
different (P < 0.05). 
 
 
DISCUSSION 
 
Animals in group A were able to put on weight over time in 
spite of worm load.  However, groups C and D experienced 
losses in body weight over time. The loss in body weights 
recorded by goats in groups C and D were probably due to 
insufficient amount of metabolizable crude protein in the 
forage. Although group D had a lower growth rate than 
group C, the difference was not significant. The difference 
in body weight gain between the two infected groups (A 
and D) was significant. This could be due to the fact that 
group A, which was infected and supplemented had 
adequate metabolizable protein for maintenance and 
growth of body tissues whereas group D which was not 
supplemented could not support gain in body weight. It is 
therefore apparent that adequate protein nutrition under 
mixed GI nematode infections enhanced the capability of 
goats to withstand the effects of infection. This agrees with 
earlier reports in cattle (Louvandini et al., 2003).  

Goats in the supplemented groups had a better body 
condition score throughout the period of the study relative 
to those in the unsupplemented. This is in agreement with 
the earlier report by Okello and Obwolo (1984). Body 
condition score is an assessment which reflects the rate of 
lypogenesis, muscular development and rib coverage 
(Detweiler et al., 2008). Therefore, the good BCS observed 
in the supplemented groups was probably due to the 
conversion of excess nutrients after the normal body 
requirements into fat deposits. The drop in BCS of groups 
C and D towards the end of the experiment might be 
attributed to drop in feed quality due to lignification of the 
grasses, since the drop was hardly noticeable in the two 
supplemented groups.  Obioha and Ndukwe (1976) had 
observed that forages during the dry season have low 
protein content and marked decrease in digestibility. This 
might also partly explain the significant effect of time on the 
body weight and BCS of all the groups. There was a 
significant negative correlation between worm burden and 
body weight and also between worm burden and BCS. 
This is in agreement with earlier findings (Nnadi et al., 
2007).  

Reduction in voluntary feed intake is a common feature 
of gastrointestinal nematode infections. It has been 
reported that following infection with GI nematodes, there 
is usually a 10% reduction in voluntary feed intake 
(Kyriazakis et al., 1994). In this study, feed intake was 
affected by the infections as there was a significant 
difference in the dry matter intake between the infected 
supplemented and uninfected supplemented. The infected 
unsupplemented and uninfected unsupplemented also 
varied significantly. This agrees with earlier reports by 
Abbot et al. (1985). They demonstrated that the degree of 
inappetance varies with the level and duration of parasitism 
and also the level of protein intake. In this study, significant 
differences were noticed on D28 post infection.  

The dressing percentage of groups A and B were 
comparable as well as those of C and D. However, there 
was a significant difference between the dressing 
percentage of group A and that of group D. This is in 
agreement with earlier studies by Payne and Wilson (1999) 
where dressing percentage was found to increase with 
increasing levels of concentrate supplementation. Another 
reason why the dressing percentage of the supplemented 
groups where higher than those of the unsupplemented 
groups, might be the high fibre content in the forages, 
which is capable of affecting the carcass yield negatively. 
The high carcass yield in group A compared with group C 
showed the positive influence of supplementation during 
infection. It was also observed that the level of 
metabolizable protein available to group C was inadequate 
for optimum carcass yield even though the group was not 
infected. 

In this study, both the supplemented and 
unsupplemented   groups   became   patent  on  D23  post  
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Figure 5. Faecal egg counts of infected goats 

 

Legend 

Group A – Infected supplemented 

Group D – Infected un-supplemented 

 
 
 

 
 

Figure 4. Worm burden of infected goats 

 

Legend 

Group A – Infected supplemented 

Group D – Infected un-supplemented 
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Table.  Proximate analysis of Experimental Feed. 

 

Nutrient                                      Dry         Ash        Ether    Crude    Crude     ADF     Lignin      Cellulose 

                                                   Matter                 extract    fibre      protein 

Forage (Bracharia spp &            88.85      8.0      0.22        34.2        8.5        48.8      43.3            9.08 

Panicum maximum) (%) 

Concentrates ration (growers 

Mash & palm kernel cake) (%)   95.3       5.4      0.18       12.2        17.06      34         24.8            5.47 

 
 
infection. This result contradicts earlier reports (Nnadi et 
al., 2007) in WAD goats where they observed a longer 
prepatent period in animals on high protein diet than those 
on low protein diet. The reason for this difference could be 
due to the fact that relatively young WAD goats that are 
presumed to be highly susceptible were used in this study, 
whereas the earlier study used relatively matured animals. 
This argument is supported by the nutrient partitioning 
framework developed by Coop and Kyriazakis (1999), in 
which the prepatent periods of helminths were not affected 
during the phase of acquisition of immunity by young 
animals. On the other hand, for animals at the phase of 
expression of immunity, plane of nutrition substantially 
affects the prepatent period. Consequently, the faecal egg 
counts per gram of faeces of the malnourished group were 
significantly higher than those of the supplementSed 
group. This agrees with earlier reports in sheep (Abbot et 
al., 1988; Coop et al., 1995 Van Houtert et al., 1995; Datta 
et al., 1998) and goats (Etter et al., 2000; Nnadi et al., 
2007), where animals placed on high protein diet had lower 
FEC compared to low protein group. 

Generally, malnutrition would be expected to promote the 
establishment, survival, and fecundity of GI nematodes, but 
the magnitude of these effects depend on factors such as 
breed, parasite species, particular infection protocol used, 
magnitude of infection, severity of the nutritional deficiency 
and presence of single or multiple infections and single or 
multiple nutritional deficiencies (Koski and Scott, 2001). In 
this study, supplementation of the diet lowered the worm 
burdens of both Hc and Tc. The mean percentage worm 
recovery for Tc was 25.3 ± 4.1 and 35.9 ± 3.8 for groups A 
and D respectively, while that of Hc was 2.3 ± 0.5 and 3.9 ± 
0.8 for groups A and D respectively. However, the overall 
percentage recoveries were very low compared to earlier 
results obtained in experimental infections with Hc in this 
breed of goats (Fakae et al., 2004). Several factors might 
be responsible for these low worm burdens. The well 
known strong innate resistance of Nigerian WAD goats to 
Hc in particular and GI nematodes in general (Chiejina et 
al., 2010) might be responsible for the low recoveries. 
Other factors could be the poor infectivity of the isolates for 
the goats and rapid rejection/ loss of worms soon after their 
establishment in the host due to effective immune 
response by the host. Despite the generally low worm 
burdens recorded in this study, the role of nutrition was 
obvious in the two infected groups ( A and D), as the worm 
burdens of the malnourished goats were significantly 

higher than those of the supplemented group. On the other 
hand, the difference in worm burden between groups A 
and D might be due to the fact that protein 
supplementation influences the degree of expression of 
immunity which can manifest as reduced establishment or 
arrested development of incoming larvae and as reduced 
survival and fecundity of the established worms. This study 
has shown that adequate nutrition could enhance the 
resilience of goats to parasitic infections, which will reduce 
the losses in production experienced by peasant goat 
keepers as a result of their inability to access veterinary 
services. 
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