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ABSTRACT 
 
Twenty four (24) Red Sokoto bucks with average age of 12 months and weight of 12 kg were randomly 
allocated to six (6) treatments with four (4) animals each in a Randomized Complete Block Design (RCBD). 
The animals in treatment T1 were given 90% maize bran combined with 10% cotton seed cake. Treatments 
T2 to T6 were fed concentrates consisting of raw corn cobs replacing maize bran at 10, 20, 30, 40 and 50%, 
respectively. All groups had 10% cotton seed cake, while cowpea husk was fed to all animals ad libitum as 
basal diet. Clean water was provided to the animals ad libitum. After adjustment period of 14 days, 
parameters determined were feed intake, daily weight changes, fecal outputs, urinary outputs, linear body 
measurements such as height at withers, height at rump, girth circumference, abdominal circumference, 
animal length, neck circumference and neck length for a period of 84 days. Fecal output and urine were 
analyzed for proximate composition using standard procedures. Data obtained were subjected to analyses 
of variance (ANOVA), multiple correlations and regression. Duncan Multiple Range Test was used to 
separate the means where significant differences occurred. Results showed no significant (P > 0.05) 
differences in dry matter intake, weight gained and feed conversion ratio with up to 20% corn cob inclusion 
in the diet (T2 and T3). However, there was a significant difference (P < 0.05) in daily weight gain for 
treatments T4 to T6. All the body dimensions had positive correlations with live weights. Regression results 
showed R2-value of 14% and F-ratio of 6.502 which are significant (P < 0.05). It was found that best level of 
corn cob inclusion in the diet is 20%. However, it could still replace the bran at up to 50% level with much 
improvement in live weight gain and linear dimensions. 
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INTRODUCTION 
 
Optimizing performance in ruminant fattening is essential 
to remain competitive in the business. The common goals 
in fattening are to maximize average daily gain and 
optimize feed efficiency (Barry and Erasmus, 2010). 

Gibson (2007) stated that goats are inquisitive feeders 
with high efficiency in energy and protein conversion from 
feeds. The ability of the goats therefore, to eat feed stuff 
and digest cellulose which are not normally eaten or 
accessible to other animals enhance their overall 
competitive efficiency.  

Ruminants   consuming   forage-based   diets   are   fed  

supplements to conserve forage, improve animal 
performance, and increase economic returns (Kunkle et 
al., 2000). A protein supplement alone to low energy diet 
has no effect on growth rate. Concentrate supplements 
should contain high energy and moderate amounts of 
protein to allow a content of about 6 g protein per mega 
joule metabolizeable energy (ME) in the whole ration 
(concentrate and roughage) (Mtenga and Madsen, 2008). 

Among the constraints facing livestock development, 
inadequate feed supply stands out as one of the most 
important.   To  reduce  this   nutritional  constraints,  it  is 
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recommended that forage and crop residues be 
incorporated in animal diets (John and Debrah, 2010). 

The ability of the producers and buyers to relate the live 
animal measurements to growth characteristics is 
essential for optimum production and value based trading 
system (Samuel and Salako, 2008). According to Akpa et 
al. (2011), growth is the sum total of increase in size of 
different structural body components measured from gain 
in body weight and linear body measurements. 

 Body dimensions have been used in estimating body 
weight and appropriate pricing of meat animals (Eghahi 
et al., 2011). They stated that body measurements on 
most farms in the tropics help farmers who lack weighing 
scales and the education to understand how to 
manipulate them. It is used in estimating weight and 
market value in terms of cost of the animals. 

Prasad and Neeraj (2008) reported that body weight 
can be estimated by body measurements. In addition, the 
weight of the animal is important in the computation of 
balanced ration, determination of growth and assessment 
of its health status. The biometric parameters commonly 
used in predicting body weight (BW) in small ruminants 
include: body length (BL), chest girth (CG) and height at 
withers (HW) (Eghahi et al., 2011).  

There is scarcity of information on the effect of 
replacing maize bran with corn cobs on the performance 
and linear body parameters of goats. Therefore, this 
study determined the effects of the diets on the growth 
performance of the goats based on linear body 
measurements and its correlation and regression 
relationships with the live weights and daily weight 
changes of the experimental animals. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The experiment was conducted at the Adamawa State University 
Livestock Teaching and Research Farm of the Faculty of 
Agriculture, Mubi, Nigeria, in the Northern part of Adamawa State. It 
lies on latitude 90°11′ north of the equator and longitude 13°45′ east 
of the Greenwich Meridian at an altitude of 696 m above sea level. 
It is bounded in the South and East by Republic of Cameroun, with 
land area of 4,728.77 m2 and population of 245,460 (Saidu and 
Gadiga, 2004). The vegetation type is best described as 
Combretacious woodland savanna (Areola, 1983) which consists of 
grasses or weeds and shrubs collectively making 70% of the entire 
vegetation. Some of these grasses, weeds and shrubs are used as 
animal feeds. 

The area has two distinct seasons. Rainy season lasts for four 
(4) months while the dry season lasts for eight (8) months. The 
annual rainfall ranges from 700 to 900 mm with peak during August. 
The area has minimum temperature of 12.7°C and maximum of 
37°C which occurs in January and in April (Adebayo, 2004), 
respectively. 
 
 
Sources of feeds 
 
Feeds were obtained from four sources. Corn cobs were obtained 
from  farms  abandoned  after  removing  the  grains  while  cowpea  
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husk was bought from local farmers after shelling. Maize bran was 
obtained from local flour mills while cotton seed cake was bought 
from local dealers. The corn cobs were pounded in a mortar and 
ground further at the local flour mills for easy mixing with the other 
feed ingredients. 
 
 
Experimental animals and management 
 
Twenty four Red Sokoto bucks with average age of twelve months 
were used in this experiment. The animals were individually 
retained in uniform wooden pens with 1.50 m2 floor spaces and 
1.50 m heights. The floor was made of concrete and covered with 
wood shavings to conserve heat and absorb animal urine. Metal 
metabolism cages were used to carry out digestibility test. 

All the animals were dewormed and fed antibiotics. At the end of 
the adaptation periods, each goat was tagged and allocated to six 
different experimental diets using a Randomized Complete Block 
Design (RCBD). Initial weight of each animal was recorded before 
embarking on data collection. Each treatment was done in four 
replicates. 
 
 
Experimental diets and treatments 
 
The experimental diets consisted of cowpea husk (CPHK), ground 
maize cob (MCB), maize bran (MBR) and cotton seed cake (CSC). 
These ingredients formed the concentrate portion of the diets in 
different proportions as presented in Table 1. 

Two hundred (200 g) of the concentrate portion of the diets were 
fed to each animal before giving them the basal diet, cowpea husk 
ad libitum. In addition, 1.5% common salt was added and 
thoroughly mixed in the diets. 
 
 
Parameters determined 
 
The parameters determined were proximate compositions of feed 
ingredients and experimental diets, daily dry matter intake, daily 
weight changes, digestibility of diets, feed conversion ratios and 
feed efficiencies. Then body parameters measured were body 
length (BL), heights at withers (HW), girth circumference (GC), 
height at rump (HR), neck length (NL) and neck circumference 
(NC). Daily dry matter intake (DMI) was obtained by finding the 
differences between the daily feed offered and feed rejected.  

Daily weight changes were determined by weighing the animals 
every week, weight change in a week divided by seven gave the 
average daily weight change. Apparent digestibility was obtained as 
the difference between dry matter intake and fecal output divided by 
dry matter intake times hundred. 

Dry matter intake as a percentage of live weight was obtained by 
dividing dry matter intake by the live weight of animal times 
hundred. Feed efficiency was calculated by dividing weight gain by 
feed intake. 

In determining body measurements, body length (BL) was 
measured using tape rule as the distance from the occipital 
protuberance to the base of the tail. 

Height at withers (HW) was obtained by using platform upon 
which each animal was placed. It was measured as the distance 
from the surface of the platform to the withers using a meter rule.  

Girth circumference (GC) was determined by taking the 
measurement of the circumference of the chest with a tape.  

The height at rump (HR) was the distance from the surface of the 
platform to the rump using a measuring rule. 

Neck length (NL) was the distance from the lower jaw to the point 
of the shoulder using tape rule. 
Neck circumference was gotten by measuring the distance round 
the neck below the lower jaw using the tape rule. 
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  Table 1. Experimental diets and treatments. 
 

Feeds 
Treatments 

T1 T2 T3 T4 T5 T6 
MCB (%) 0 10 20 30 40 50 
MBR (%) 90 80 70 60 50 40 
CSC (%) 10 10 10 10 10 10 
CPHK (%) 60 60 60 60 60 60 
NaCl (%) 1.5 1.5 1.5 1.5 1.5 1.5 

 
 
 

Table 2. Proximate compositions of feed ingredients. 
 

Nutrients 
Feed ingredients 

MBR MCB CSC CPHK 
DM (%) 88.72 87.65 95.32 90.81 
CP (%) 10.22 4.88 40.20 12.25 
CF (%) 27.10 41.82 26.20 30.79 
ASH (%) 3.69 7.90 3.92 7.84 
NFE (%) 65.56 44.66 40.16 37.31 
EE (%) 7.23 5.60 7.80 6.13 
ME (Kcal/g) 6.32 7.22 5.82 4.50 

 
 
 

  Table 3. Calculated nutrients composition of the experimental diets. 
 

Nutrients 
Treatments 

T1 T2 T3 T4 T5 T6 
ME (Kcal/g) 5.208 5.244 5.280 5.316 5.352 5.388 
CP (%) 12.84 12.41 12.23 12.01 11.79 11.58 
CF (%) 29.28 29.87 30.46 31.04 31.60 32.25 
ASH (%) 6.23 6.39 6.56 6.57 6.90 7.07 
NFE (%) 47.59 46.76 45.92 45.09 44.25 43.41 

 
 
 
Data analysis 
 
Data obtained were subjected to Analysis of Variance (ANOVA), 
Multiple Correlation and Regression Analysis using SAS (2001) 
package. Duncan Multiple Range Test was used to separate the 
means where significant differences existed (Duncan, 1955). 
 
 
RESULTS AND DISCUSSION 
 
The feed ingredients were analyzed for proximate 
composition using the procedure described by the 
Association of Official Analytical Chemists (AOAC, 2008). 
The proximate compositions of the feed ingredients were 
as presented in Table 2. 

Based on the proximate compositions of the feed 
ingredients, the nutrients compositions of the 
experimental diets were determined and are shown in 
Table 3. 

The performances of goats on the different treatments 
are presented in Table 4. It was found that the daily dry 

matter intake, daily weight gains and feed conversion 
efficiencies did not differ significantly (P > 0.05) with up to 
20% maize cob inclusion in the diet (T2 and T3). 
However, there was significant (P < 0.05) decrease in 
daily weight gains and feed conversion ratios with 
increasing level of maize cob inclusion (T4 to T6) in the 
diet as observed in treatments 4, 5 and 6. 

Although the dry matter intake was almost the same 
across treatments, both the daily weight gains and feed 
conversion efficiencies decreased. These could be 
attributed to the increase in the levels of crude fiber and 
decrease in crude protein contents of the feed as a result 
of increasing levels of maize cob inclusion in the diets. 
This resulted to a decrease in digestibility and feed 
conversion which led to a decrease in weight gains. 
Similar observations was reported by Yashim et al. 
(2011) where in they reported that the average intake of a 
diet and the efficiency of its utilization are largely 
determined by the relative balance of energy and other 
essential nutrients absorbed by the animal. 
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Table 4. Performances of goats on the different treatments. 
 

Parameters 
Treatments 

SEM 
T1 T2 T3 T4 T5 T6 

DMI (g) 329.92ab 342.10a 329.04ab 309.15b 354.08a 339.79a 9.891 
DMI % of LW 2.04abc 2.13ab 1.97bc 1.89c 2.20abc 2.06abc 0.0669 
DWG (g) 55.95a 64.23a 56.02a 42.73b 29.77c 37.52bc 4.5459 
Digest (%) 66.75a 64.89a 67.54a 68.71a 64.11a 67.32a 0.016 
FCR 7.266bc 6.049c 8.051abc 8.739ab 10.225a 8.346ab 0.8145 
FCE 0.180a 0.192a 0.193a 0.131b 0.075c 0.110bc 0.0165 

 

Means in the same line with different superscript differ significantly (P < 0.05). DMI = Dry matter intake, FCR = feed conversion ratio, FCE = feed 
conversion efficiency and DWG = Daily weight gain. 
 
 
 

Table 5. Effects of treatments on body measurements. 
 

Parameters 
Treatments 

SEM 
T1 T2 T3 T4 T5 T6 

HW (cm)  54.28a 51.88b 51.50b 54.48a 51.13b 52.06b 0.441 
GC (cm) 55.10a 55.63a 65.65a 55.27a 57.23a 56.79a 4.185 
LA (cm) 46.90b 45.58c 45.52c 45.42c 47.90a 46.42b 0.292 
HR (cm) 57.58b 52.13d 56.63c 56.29c 58.23ab 58.56a 0.314 
AC (cm) 59.50c 61.27ab 60.27bc 59.15c 62.08a 61.58ab 0.603 
NL (cm) 16.57a 15.88b 16.17ab 14.54c 15.96b 16.02b 0.146 
NC (cm) 23.80bc 24.08b 23.63bc 23.44cd 25.25a 22.94d 0.219 

 

HW = Height at withers, GC = Girth circumference, LA = Length of animal, HR = Height at rump, AC = Abdominal 
circumference, NL = Neck length and NC = Neck circumference. Means in the same line with different superscripts 
differ significantly (P < 0.05). 

 
 
 

Table 6. Correlation relationships between live weights and body measurements. 
 
 HW GC L. Animal HR AC NL  NC  LVW 
HW  0.074ns 0.188** 0.372** 0.221** - 0.032ns 0.127** 0.247** 
GC  0.074ns   0.04ns 0.023ns 0.164** 0.126** 0.04ns 0.012ns 
L. An  0.188** 0.04ns  0.562** 0.703** 0.228** 0.745** 0.401** 
HR  0.372** 0.023ns 0.562**  0.411** 0.140** 0.436** 0.278** 
AC  0.221** 0.164** 0.703** 0.411**  0.193** 0.713** 0.364** 
NL  - 0.032ns 0.126** 0.228** 0.140** 0.193**  0.172** 0.228** 
NC  0.127** 0.040ns 0.745** 0.436** 0.713** 0.172**  0.442** 
LVW  0.247** 0.012ns 0.401** 0.278** 0.364** 0.228** 0.442**  

 

** Significant at 5%, ns = Not significant. HW = Height at withers, GC = Girth circumference, LA = Length of animal, HR = Height 
at rump, AC = Abdominal circumference, NL = Neck length, NC = Neck circumference, LVW = Live weight. 

 
 
 
Table 5 shows the effects of treatments on the linear 
body measurements. It is found that all the body 
dimensions differed significantly (P < 0.05) across 
treatments except the girth circumference (GC). This 
agrees with the findings of Eghahi et al. (2011) for West 
African Dwarf goats. 

The correlation relationships between the linear body 
measurements and live weight are presented in Table 6. 
It was found that all the linear body measurements 
except girth circumference had positive significant 

correlation with live weight. Neck circumference (NC), 
abdominal circumference (AC) and length of animal (LA) 
had higher positive correlation and significant influence 
on body weights. This also agrees with Tsado et al. 
(2009) who reported that body length (LA), height at 
withers (HW) and neck circumference (NC) could be 
used for predicting live weights of goats at ages of 1 to 2 
years. 

The correlation relationships between the linear body 
measurements and live weight  changes are presented in  
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Table 7. Correlation relationship between weight changes and body measurements. 
 
  HW GC L. AN HR AC NL NC WC 
HW 1 0.074ns 0.188** 0.372** 0.221** -0.032ns 0.127** 0.003ns 
GC 0.074ns 1 0.040ns 0.023ns 0.164** 0.126** 0.040ns -0.028ns 
L. AN 0.188** 0.040ns 1 0.562** 0.703** 0.228** 0.745** 0.248** 
HR 0.372** 0.023ns 0.562** 1 0.411** 0.140** 0.436* 0.313** 
AC 0.221** 0.164** 0.703** 0.411** 1 0.193** 0.713** 0.244** 
NL -0.032ns 0.126** 0.228** 0.140** 0.193* 1 0.172** 0.009ns 
NC 0.127** 0.040ns 0.745** 0.436** 0.713** 0.172** 1 0.231** 
WC -0.003ns -0.028ns -0.248** 0.313** -0.244** 0.009ns 0.231** 1 
 

** Significant at 5%, ns not significant. HW = Height at withers, GC = Girth circumference, L. AN = Length of animal, HR = Height at rump, AC = 
Abdominal circumference, NL = Neck length, NC = Neck circumference, WC = Weight change. 
 
 
 
  Table 8. Regression analysis results for body measurements. 
 

Variable Coefficient Standard error t-value 
Constant -2.157 2.240 -0.963** 
HW 0.152 0.032 3.564*** 
GC -0.019 0.004 -0.778** 
L. animal 0 0.053 0.958ns 
HR -0.311 0.032 -0.184ns 
AC -0.145 0.028 0.074ns 
NL 0.093 0.085 3.086*** 
NC -0.026 0.071 3.881*** 
R2 0.140   
F 6.502**   

 

  *** Significant at 1%, ** Significant at 5%, ns not significant. 
 
 
 
Table 7. It was found that the length of animal (LA), and 
neck circumference (NC) had positive significant (P < 
0.05) influence on the weight changes while heights at 
rump (HR) and abdominal circumference (AC) had 
negative significant (P > 0.05) influences on weight 
changes of the animals. However, there was no 
significant (P > 0.05) correlation between height at 
withers (HW), girth circumference (GC) and neck length 
(NL0) with weight changes. 

The regression analysis of linear body measurements 
are presented in Table 8. The R2 value was 14% while 
the F-ratio, 6.502 is highly significant (P < 0.05). 
Variables like heights at withers (HW), neck length (NL) 
and neck circumference (NC) were not significant (P > 
0.05). 

This confirms the relationship of the variables on weight 
changes and live weights of the animals. Means with 
significant (P<0.01) relationship with live weight and 
weight changes produced changes in the dependent 
variables being live weights and weight changes of the 
animals. Heights at withers, neck length and neck 
circumference have highly significant (P < 0.01) influence 
on the dependent variables. 

From the results  obtained, it is concluded that although  

the best replacement level of maize cob for maize bran is 
20%, the replacement level can be up to 50% and still 
obtain appreciable level of weight gain. Maize cob could 
therefore be used to fatten goats in place of maize bran.  
 
 
REFERENCES 
 
Adebayo AA, 2004. Mubi Region: A geographical synthesis. 

Department of Geography. Published by Paraclette Publishers, Yola. 
pp 32-34. 

Akpa GN, Suleiman IO, Alphonsus C, 2011. Effect of age, hair type and 
body condition score on body conformation traits in Yankasa rams. 
Nig J Anim Sci, 13: 23-28. 

AOAC, 2008. Association of Analytical Chemists. Official methods of 
Analysis of the Association of Analytical Chemists, 13th Edition, 
Washington DC. 

Areola OO, 1983. Soil and Vegetation Resources, In: Geography of 
Nigerian Development, 2nd Edition. Heinemann, Ibadan. pp 21-23. 

Barry R, Erasmus O, 2010. Feed Intake in Feedlot Cattle. Champion 
Feed Services Ltd. 

Duncan DB, 1955. Multiple Ranges and Multiple F-tests. Biometrics, 
11:1-42. 

Eghahi JO, Dim NJ, Mabrama BD, 2011. Body Weight and Body 
Dimensions in Free Range West African Dwarf Goats in the Guinea 
Savanna. Proceedings of the 16th Annual Conference of Animal 
Science Association of Nigeria (ASAN) 12th-15th September, 2011 at 
Kogi State University, Ayingba Nigeria. pp 13-15. 

Gibson AT, 2007. Meet goat breeds and breeding plans. Agricultural 
Research Services, United States Department of Agriculture. 
(http://aq.goat world.com/htm) 17/8/2007.  

John M, Debrah S, 2010. Forage Research in Smallholder and 
Pastoral Production systems. FAO Corporate Document Repository. 
Http://www.fao.org.wairdocs/ILRI/HTM (23/11/2010). 

Kunkle WE, Johns JT, Poore MH, Herd DB, 2000. Designing 
Supplementation program for Beef cattle forage-based diets. 
Proceedings of the American Society of Animal Science. 

Mtenga LA, Madsen A, 2008. Experiences in protein supplementary 
feeding of weaned lambs and kids in Tanzania: the issue of dietary 
energy. FAO Corporate Document Repository. 
(http://www.fao.org/wairdocs/ILRI/5520Bb12.htm. 22/6/2010). 

Prasad P, Neeraj C, 2008. Principles and Practice of Animal Nutrition, 
2nd Edition. Published by Kalyani Publishers, Daryagani, New Delhi, 
India. pp: 255-256. 

Saidu I, Gadiga BL, 2004. Population: A write up in Mubi region, A 
geographical synthesis by Adebayo, A.A. Department of Geography, 
Federal University of Technology, Yola. Published by Paraclette 
Publishers, Yola. pp 117-119.  

Samuel OKF, Salako AE, 2008. Body measurements characteristics of 
the West African Dwarf (WAD) goats in deciduous forest  zone of  



 
 
 
 
   South Western Nigeria. African Journal of Biotechnology, 7(14):2521-

2526. 
SAS, 2001. Statistical Analysis System, SAS 2001, SAS/STAT 

Software Release 8.02 SAS Institute Inc. Cary, NC. USA.  
Tsado DN, Aremu A, Alabi JO, Akinlawon AA, 2009. Predictions of 

body weight from body linear measurements in pre-weaning castrates 
and non-castrates of savanna brown goats (kids). Proceedings of the 
14th Annual Conference of Animal Science Association of Nigeria 
(ASAN). 14TH -17TH, September, 2009 held at LAUTECH, 
Ogbomosho, Nigeria.  

Yashim SM, Abubakar H, Abdu SB, 2011. The effects of Crotalaria 
retusa: Concentrates ratio fed to Red Sokoto goats on intake and 
digestibility. Nig J Anim Sci, 113:162-168.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Net J Agric Sci               40 
 
 
 
 
 
 
 

 
 

Citation: Babale DM, Kibon A, Yahaya MS, 2015. Performance and 
linear body measurements of Red Sokoto male goats on 
replacement levels of corn cobs for maize bran with cowpea husk 
basal diet. Net J Agric Sci, 3(2): 35-40. 

 


