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Abstract  Feeding in broiler production is viewed  as the major component in determining the weight and profitability of 
broiler birds. The choice of feed  type is often dependent on the target of the farmer; since it is believed that broilers require 
energy for growth of tissue, maintenance and activity which varieties of feed types may or may not have the ability to provide 
such nutritious value. The Mantel test analysis was used to measure the linear resemblance in weight of two groups of broiler 
birds feed with two feed type. Secondary data obtained from the records department of Ekeukwu Farms Anambra state – 
Nigeria for a period of eight weeks. Where sixty broiler b irds were div ided into two  groups, one labelled  group A was feed 
with the first feed while group B was feed with another type of feed. The weights of the birds were recorded weekly for the 
period of eight weeks. It was observed that there exist a week positive resemblance between the weight of Group A  broiler 
birds and Group B broiler b irds with an association of 35.72% and a P-value of 0.0002 which fall’s on the reject ion region 
with a significance level  of 5% (α = 0.05). 
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1. Introduction 
One of the key  determin ing  facto rs  fo r a pos it ive 

economic bro iler production is fast growth rate and efficient 
feeding strategy. Feeding in broiler production is viewed as 
the major component  in  determin ing  the weight  and 
p rofitab il ity  o f b ro i ler b irds . To  s upport  opt imu m 
performance, broiler rations must be formulated to give the 
correct balance of energy, protein and amino acids, minerals, 
vitamins and essential fatty acids. The choice of feed type is 
often  dependent  on the target  o f the farmer;  s ince it is 
believed that broilers require energy for growth of tissue, 
maintenance and activity which variet ies of feed types may 
or may not have the ability to provide such nutritious value. 
Carbohydrate sources, such as corn and wheat, and various 
fats or oils are the major source of energy in poultry feeds. 
Feed proteins, such as those in cereals and soybean meal, are 
complex compounds which are broken down by digestion 
into  amino  acids . These amino  acids  are absorbed  and 
ass embled  into  body  proteins  which  are us ed  in  the 
construction of body tissue, for instance, muscles, nerves, 
skin and feathers. Dietary  crude protein  levels do not indicate 
the quality of the p roteins in feed ingred ients. Diet  protein 
quality is based on the level, balance and d igestibility of  
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essential amino acids in the final mixed feed. Equally, an 
efficient management practice which ensures effective 
disease prevention and control, coupled with the availab ility 
of high quality feed help in achieving a successful 
production of broiler birds. Speaking on broiler growth and 
performance[1] noted that the Starter feed represents a small 
proportion of the total feed cost and decisions on Starter 
formulat ion should be based primarily  on performance and 
profitability rather than purely on d iet cost. Feeding broilers 
with a feed  that contain the appropriate nutrient density will 
ensure optimal growth during early  critical period of life. 
After the starter stage, the broiler Grower feed is generally 
fed for about 14-16 days following the Starter. Starter to 
Grower transition will involve a change of texture from 
crumbs/mini-pellets to pellets. Depending on the pellet size 
produced, it may be necessary to feed the first delivery of 
Grower as crumbs or mini-pellets. During this time broiler 
growth continues to be dynamic. It  therefore needs to be 
supported by adequate nutrient intake. For optimum feed 
intake, growth, provision of the correct d iet nutrient density, 
especially energy and amino acids, is critical. The broiler is 
introduced to the to the Finisher feed after the grower stage. 
Fin isher feeds is often given from 25 days until processing. 
Birds slaughtered later than 42-43 days may need a second 
Fin isher feed specification from 42 days onwards. In their 
contribution on feeding the broiler at an early life stage,[2] 
explained that feeding the broiler during the first week of life 
represents a challenge to nutritionists and broiler production 
managers since the young broiler has yet to develop from 
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both physiological and anatomical perspectives. The weights 
of the gizzard and s mall intestine increase more rapid ly in 
relation to body weight than do other organs in the young 
broiler. Th is enhanced growth rate reaches a maximum 
between days 4 and 8 of age; equally, the liver weight 
increases twice as fast as body weight during the first week 
of life. In  this study we wish to measure the resemblance in 
weight of two groups of broiler birds fed with two different 
feeds for a period of eight weeks. This is to determine if there 
exist a significance d ifference on the weight of the two 
groups of broiler birds and ascertaining the extent of 
resemblance in the weight of the two groups of birds. This 
study will contribute in efficient management of broiler 
production in Nigeria since broiler production systems has 
become more sophisticated, and their management requires 
higher levels of research and the availability of ever better 
informat ion in this area. 

2. Notations and Methods 
2.1. Simple Mantel Test 

The mantel test is a permutation technique that estimates 
the resemblance between two proximity matrices computed 
about the same object. The matrices must be of the same rank, 
but not necessarily symmetric, though from practice this is 
often the case. The Mantel technique was first introduced as 
a solution to the epidemiological question where interest is 
on whether case of diseases that occurred close in space also 
tends to be close on time.[3] explained that multivariate 
tables of observations are usually condensed into 
resemblance matrices among any sampling unit of interest 
computed using proximity measure; in th is present study the 
canonical measure was used as a measure as was displayed 
by the DA (distance over objects of group A) and DB 
(distance over objects of group B). Hence, the technique was 
used to compare matrix o f spatial d istances in a generalized 
regression approach by[4]. Since[5], the Mantel test has 
always included any conceivable proximity matrices;[6];[7]; 
[8]. However, the application of mantel test in an 
engineering concept has little or no literature against it 
common use in b iology, psychology, geography and 
anthropology;[9].  

Letting ijdA  and ijdB represent the distance 

observational units i  and j  as derived from the 
observations for variables A  and B , where, AD = 



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

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
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nn×  distance matrices. The normalized Mantel statistic, 
defined as the product – moment coefficient between 
distance matrices AD  and BD , is  
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Where ∑∑  
denotes the double summat ion over i and 

j  which  ranges from one to n and i < j  by symmetry  of 

AD  and BD , and Ad  and Bd  are means of distances 

derived from the A and B  raw data respectively. 
The testing procedure is given as stated by[3]: 
1. Considering two symmetric resemblance matrices 

(similarit ies) A and B , of size ( nn× ), whose rows and 
columns correspond to the same set of objects. Compute the 
Pearson correlation (alternatively, the spearman correlat ion) 
between the corresponding objects of the upper-triangular 
(or lower-triangular) portions of these matrices, obtaining 
the mantel correlat ion (often called the standardized Mantel 
statistic) ( )ABrM , which  will be used as the reference 
value in test. 

2. Permute at random the rows and corresponding 

columns of one of the matrices, say A , obtaining a 
permuted matrix *A . This procedure is called ‘matrix 
permutation’. 

3. Compute the standardized Mantel statistic ( )BArM
*  

between matrices *A and B , obtaining a value *
Mr  

of 

the test statistic under permutation. 
4. Repeat steps 2 and 3 a large number of t imes to obtain 

the distribution of *
Mr under permutation; then, add the 

reference value ( )ABrM
 to the distribution. 

5. For a one – tailed test involving the upper tail (i.e., H 1+: 
distances in matrices A and B are positively correlated), 
calculate the probability (p – value) as the proportion of 

values *
Mr  greater than or equal to ( )ABrM . For a test in 

the lower tail, the probability is the proportion of values *
Mr  

smaller than or equal to ( )ABrM  . 
Note that for symmetric d istance matrices, only the upper 

(or lower) triangular portions are used in the calcu lations 
while for non symmetric matrices, the upper and lower 
triangular portions are included. The main diagonal elements 
need not be included in  the calculation, but their inclusion 
does not change the p- value of the test statistic. 

2.2. Source of Data 

The source of data used for this study is secondary data 
obtained from the records department of Ekeukwu Farms 
Anambra state – Nigeria for a period of eight weeks, weight 
measured in kg. Where we were in formed that sixty broiler 
birds were divided into two groups, one group A was feed 
with the first feed while group B was feed with another type 
of feed. The weights of the birds were recorded weekly for 
the period of eight weeks in kilogram. 

2.3. Data Presentation 
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Table 1.  Presentation of weight of GroupA birds 

week 1A week 2A week 3A week 4A week 5A week 6A week 7A week 8A 
0.3 0.55 0.9 1.15 1.4 1.7 1.8 1.65 
0.2 0.6 0.85 1.05 1.55 2 2.25 2.65 

0.25 0.6 0.9 1.38 1.85 2.3 2.7 3.1 
0.3 0.75 1.1 1.6 2.1 2.6 3.3 3.5 
0.4 0.3 1.15 1.55 2.05 2.55 3.15 3.3 
0.2 0.6 0.85 1.05 1.25 1.5 1.95 2.3 
0.3 0.6 0.85 1.25 1.65 2 2.3 2.5 

0.35 0.65 1 1.55 2.1 2.5 3.1 3.5 
0.15 0.45 0.65 1.05 1.45 1.9 2.35 2.65 
0.25 0.65 0.9 1.4 1.9 2.45 2.85 3.4 
0.2 0.55 0.85 1.2 1.55 1.7 1.95 2.2 

0.25 0.6 0.9 1.25 1.55 2 2.4 2.9 
0.25 0.55 0.8 1.1 1.25 1.5 1.55 1.7 
0.25 0.5 0.9 1.35 1.8 2.1 2.5 3.1 
0.2 0.5 0.75 1.15 1.55 2.1 2.55 2.8 

0.25 0.65 0.9 1.38 1.85 2.2 2.6 2.85 
0.3 0.65 0.85 1.3 1.75 2 2.55 2.75 
0.2 0.55 0.85 1.2 1.55 1.8 2.1 2.1 

0.15 0.5 0.9 1.18 1.45 1.95 2.35 2.65 
0.15 0.5 0.75 1.15 1.55 1.9 2.2 2.5 
0.25 0.5 0.8 1.18 1.55 2 2.45 2.7 
0.2 0.5 0.75 1.03 1.3 1.8 1.95 2.5 
0.1 0.23 0.3 0.35 0.5 0.65 1.15 1.6 
0.2 0.6 0.85 1.05 1.55 2 2.25 2.65 
0.2 0.65 0.85 1.2 1.55 2 2.25 2.65 

0.25 0.5 0.75 0.95 1.15 1.45 1.75 1.8 
0.05 0.3 0.35 0.45 0.5 0.55 0.6 0.75 
0.2 0.6 0.8 1.2 1.65 2 2.35 2.7 

0.15 0.5 0.9 1.18 1.45 1.95 2.35 2.65 
0.15 0.5 0.75 1.15 1.55 1.9 2.2 2.5 

3. Analysis 
Inputting the data in Table 1 and Table 2 on R 2.13.0 command window;[10], where week1A, week2A, week3A, week4A, 

week5A, week6A, week7A and  week8A  are objects of matrix A; that is, bro iler birds fed with  feed A  while week1B, week2B, 
week3B, week4B, week5B, week6B, week7B and week8B are objects of matrix B;  that is, broiler b irds fed with feed B.  

R> week1A=c(0.30, 0.20, 0.25, 0.30, 0.40, 0.20, 0.30, 0.35, 0.15, 0.25, 0.20, 0.25, 0.25, 0.25, 0.20, 0.25, 0.30, 0.20, 0.15, 
0.15, 0.25,0.20, 0.10, 0.20, 0.20, 0.25, 0.05, 0.20, 0.15, 0.15) 

R > week2A=c(0.55, 0.60, 0.60, 0.75, 0.80, 0.60, 0.60, 0.65, 0.45, 0.65, 0.55, 0.60, 0.55, 0.50, 0.50, 0.65, 0.65, 0.55, 0.50, 
0.50, 0.50, 0.50, 0.25, 0.60, 0.65, 0.50, 0.30, 0.60, 0.50, 0.50) 

R > week3A=c(0.90, 0.85, 0.90, 1.10, 1.15, 0.85, 0.85, 1.00, 0.65, 0.90, 0.85, 0.90, 0.80, 0.90, 0.75, 0.90, 0.85, 0.85, 0.90, 
0.75, 0.80, 0.75, 0.30, 0.85, 0.85, 0.75, 0.35, 0.80, 0.90, 0.75) 

R > week4A=c(1.15, 1.05, 1.38, 1.60, 1.55, 1.05, 1.25, 1.55, 1.05, 1.40, 1.20, 1.25, 1.10, 1.35, 1.15, 1.38, 1.30, 1.20, 1.18, 
1.15, 1.18, 1.03, 0.35, 1.05, 1.20, 0.95, 0.45, 1.20, 1.18, 1.15) 

R > week5Aa=c(1.40, 1.55, 1.85, 2.10, 2.05, 1.25, 1.65, 2.10, 1.45, 1.90, 1.55, 1.55, 1.25, 1.80, 1.55, 1.85, 1.75, 1.55, 1.45, 
1.55, 1.55, 1.30, 0.50, 1.55, 1.55, 1.15, 0.50, 1.65, 1.45, 1.55) 

R > week6A=c(1.70, 2.00, 2.30, 2.60, 2.55, 1.50, 2.00, 2.50, 1.90, 2.45, 1.70, 2.00, 1.50, 2.10, 2.10, 2.20, 2.00, 1.80, 1.95, 
1.90, 2.00, 1.80, 0.65, 2.00, 2.00, 1.45, 0.55, 2.00, 1.95, 1.90) 

R > week7A=c(1.80, 2.25, 2.70, 3.30, 3.15, 1.95, 2.30, 3.10, 2.35, 2.85, 1.95, 2.40, 1.55, 2.50, 2.55, 2.60, 2.55, 2.10, 2.35, 
2.20, 2.45, 1.95, 1.15, 2.45, 2.25, 1.75, 0.60, 2.35, 2.35, 2.20) 

R > week8A=c(1.65, 2.65, 3.10, 3.50, 3.30, 2.30,2.50, 3.50, 2.65, 3.40, 2.20, 2.90, 1.70, 3.10, 2.80, 2.85, 2.75, 2.10, 2.65, 
2.50, 2.70, 2.50, 1.60, 2.70, 2.65, 1.80, 0.75, 2.70, 2.65, 2.65) 

R > week1B=c(0.20, 0.20, 0.20, 0.30, 0.20, 0.25, 0.25, 0.20, 0.15, 0.25, 0.20, 0.20, 0.20, 0.30, 0.10, 0.25, 0.15, 0.25, 0.25, 
0.10, 0.20, 0.30, 0.10, 0.20, 0.20, 0.20, 0.15, 0.20, 0.30, 0.20) 

R > week2B=c(0.45, 0.45, 0.40, 0.40, 0.35, 0.55, 0.45, 0.40, 0.40, 0.45, 0.40, 0.40, 0.45, 0.55, 0.25, 0.50, 0.40, 0.45, 0.50, 
0.25, 0.45, 0.55, 0.30, 0.40, 0.50, 0.55, 0.35, 0.50, 0.40, 0.35) 

R > week3B=c(0.60, 0.55, 0.70, 0.50, 0.55, 0.85, 0.75, 0.65, 0.60, 0.70, 0.60, 0.55, 0.65, 0.85, 0.40, 0.75, 0.60, 0.70, 0.80, 
0.60, 0.75, 0.75, 0.75, 0.60, 0.60, 0.70, 0.55, 0.70, 0.50, 0.55) 
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R > week4B=c(0.98, 0.83, 1.03, 0.85, 0.83, 1.15, 1.13, 0.78, 0.90, 0.85, 1.00, 0.88, 0.93, 1.08, 0.60, 1.05, 0.90, 0.85, 1.05, 
0.80, 1.03, 1.08, 0.88, 0.98, 0.93, 1.13, 0.90, 1.08, 0.85, 0.83) 

R > week5B=c(1.35, 1.10, 1.35, 1.20, 1.10, 1.45, 1.50, 0.90, 1.20, 1.00, 1.40, 1.20, 1.20, 1.30, 0.80, 1.35, 1.20, 1.00, 1.35, 
1.00, 1.30, 1.40, 1.00, 1.35, 1.25, 1.55, 1.25, 1.45, 1.20, 1.10) 

R > week6B=c(1.70, 1.60, 2.00, 1.55, 1.05, 2.15, 2.20, 1.20, 1.50, 1.20, 2.00, 1.35, 1.50, 2.40, 1.15, 1.90, 1.00, 1.20, 1.90, 
1.35, 1.60, 2.10, 1.45, 1.75, 1.55, 2.00, 1.70, 1.70, 1.55, 1.05) 

R > week7B=c(1.95, 2.00, 2.50, 1.80, 1.25, 2.80, 2.95, 1.35, 1.65, 1.30, 2.50, 1.60, 1.80, 2.60, 1.35, 2.45, 1.65, 1.30, 2.35, 
1.70, 1.80, 2.25, 1.85, 2.25, 1.90, 2.45, 1.90, 2.10, 1.80, 1.20) 

R > week8B=c(1.80, 2.50, 3.10, 2.60, 1.70, 3.55, 3.50, 1.55, 1.85, 1.20, 2.75, 2.00, 1.80, 2.95, 1.75, 2.80, 1.85, 0.20, 2.60, 
2.05, 2.05,  2.30, 2.20, 2.60, 2.25, 2.75, 2.10, 2.40, 2.60, 1.70) 

R > A <-matrix(c(week1A,  week2A, week3A, week4A,  week5A, week6A, week7A,  week8A), nrow = 8, byrow = 
TRUE) 

R > B <-matrix(c(week1A,  week2A, week3A, week4A,  week5A, week6A, week7A,  week8A), nrow = 8, byrow = 
TRUE) 

It should be of interest to note that the class distance of matrices A and B as defined above are based on canonical measure 
(method = 1), labelled as DA and DB respectively.  

R > DA <-dist.quant(A, method = 1) 
R > DB<-dist.quant(B, method = 1) 

Table 2.  Presentation of weight of GroupB birds 

week 1B week 2B week 3B week 4B week 5B week 6B week 7B week 8B 
0.2 0.45 0.6 0.98 1.35 1.7 1.95 1.8 
0.2 0.45 0.55 0.83 1.1 1.6 2 2.5 
0.2 0.4 0.7 1.03 1.35 2 2.5 3.1 
0.3 0.4 0.5 0.85 1.2 1.55 1.8 2.6 
0.2 0.35 0.55 0.83 1.1 1.05 1.25 1.7 

0.25 0.55 0.85 1.15 1.45 2.15 2.8 3.55 
0.25 0.45 0.75 1.13 1.5 2.2 2.95 3.55 
0.2 0.4 0.65 0.78 0.9 1.2 1.35 1.55 

0.15 0.4 0.6 0.9 1.2 1.5 1.65 1.85 
0.25 0.45 0.7 0.85 1 1.2 1.3 1.2 
0.2 0.4 0.6 1 1.4 2 2.5 2.75 
0.2 0.4 0.55 0.88 1.2 1.35 1.6 2 
0.2 0.45 0.65 0.93 1.2 1.5 1.8 1.8 
0.3 0.55 0.85 1.08 1.3 2.4 2.6 2.95 
0.1 0.25 0.4 0.6 0.8 1.15 1.35 1.75 

0.25 0.5 0.75 1.05 1.35 1.9 2.45 2.8 
0.15 0.4 0.6 0.9 1.2 1.5 1.65 1.85 
0.25 0.45 0.7 0.85 1 1.2 1.3 1.2 
0.25 0.5 0.8 1.08 1.35 1.9 2.25 2.6 
0.1 0.25 0.6 0.8 1 1.35 1.7 2.05 
0.2 0.45 0.75 1.03 1.3 1.6 1.8 2.05 
0.3 0.55 0.75 1.08 1.4 2.1 2.25 2.3 
0.1 0.3 0.75 0.88 1 1.45 1.85 2.2 
0.2 0.4 0.6 0.98 1.35 1.75 2.25 2.6 
0.2 0.5 0.6 0.93 1.25 1.55 1.9 2.25 
0.2 0.55 0.7 1.13 1.55 2 2.45 2.75 

0.15 0.35 0.55 0.9 1.25 1.7 1.9 2.1 
0.2 0.5 0.7 1 1.45 1.7 2.1 2.4 
0.3 0.4 0.5 0.85 1.2 1.55 1.8 2.6 
0.2 0.35 0.55 0.83 1.1 1.05 1.25 1.7 

Source: Records department of Ekeukwu Farms Anambra state – Nigeria 

Below is the elements of distance matrices DA which contains objects of matrix A on a class distances based on the 
canonical measure (method =1). Where the result d isplayed by DA expressed that the distance between week1A and week1A; 
week2A and week2A; week3A and week3A; week4A and week4A; week5A and week5A; week6A and week6A; week7A 
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and week7A; week8A and week8A , is 1, distance between wee1A and week2A is 1.871497; week1A and week3A is 
3.358943; week2A and week3A is 1.528071; week1A and week4A is 5.306072; week2A and week4A is 3.478060; week3A 
and week4A is 1.995720; week1A and week5A is 7.368684; week2A and week5A is 5.539856; week3A and week5A is 
4.067555; week4A and week5A is 2.098785; week1A and week6A is 9.461501; week2A and week6A is 7.630039; week3A 
and week6A is 6.15;  week4A and week6A is 4.196713; week5A and week6A is 2.147673; ... ;  week7A and week8A is 
1.841195. 

R > DA 
week1A     week2A       week3A    week4A      week5A     week6A     week7A     week8A  

week1A         1 
week2A     1.871497         1                        
week3A     3.358943     1.528071         1                
week4A     5.306072     3.478060     1.995720        1   
week5A    7.368684     5.539856     4.067555    2.098785       1  
week6A    9.461501    7.630039     6.150000    4.196713    2.147673        1     
week7A    11.529419    9.702577    8.228609     6.283542    4.230248     2.166218         1     
week8A    13.173173    11.348128    9.884078     7.948893    5.909315    3.848051     1.841195       1 
Similarly, below is the elements of distance matrices DB which contains objects of matrix B on a class distances based on 

the canonical measure (method =1). Where the result displayed by DB expressed that the distance between week1B and 
week1B; week2B and week2B; week3B and week3B; week4B and week4B; week5B and week5B; week6B and week6B; 
week7B and week7B; week8B and week8B , is 1, distance between wee1B and week2B is 1.235921; week1B and week3B is 
2.463230; week2B and week3B is 1.282576; week1B and week4B is 4.046146; week2B and week4B is 2.838450; week3B 
and week4B is 1.658855;  week1B and  week5B is 5.650442; week2B and week5B is 4.446909;  week3B and week5B is 
3.294693; week4B and week5B is 1.636398;  week1B and week6B is7.918017;  week2B and week6B is 6.729970; week3B 
and week6B is 5.561250; week4B and week6B is 3.981495; week5B and week6B is 2.521408;  ... ; week7B and week8B is 
168.817135. 

R > DB 
              week1B      week2B      week3B      week4B      week5B     week6B      week7B     week8B 
week1B         1 
week2B     1.235921         1                                                      
week3B     2.463230     1.282576       1                                               
week4B     4.046146     2.838450    1.658855         1                                   
week5B     5.650442     4.446909    3.294693     1.636398         1                        
week6B     7.918017     6.729970    5.561250     3.981495     2.521408          1           
week7B     9.835649     8.647688    7.472449     5.880162     4.354595     2.059126         1  
week8B     170.1937     169.970     169.7055    169.3481     169.0169     169.0003    168.817135        1 
The mantel.rtest function was used to perform the mantel test for 10000 permutations, where “nrept” represents the number 

of permutations; 
R > mantel.rtest(DA, DB, nrepet = 10000) 
Monte-Carlo test 
Observation: 0.3572049  
Call: mantel.rtest(m1 = DA, m2 = DB, nrepet = 10000) 
Based on 10000 replicates 
Simulated p-value: 0.00019998 

4. Discussion 
From the result obtained above, it was observed that there 

exist a week positive resemblance between the weekly 
weight of Group A broiler birds and Group B broiler birds 
with an association of 35.72% ( ) )3572049.0( =ABrM  
which on the mantel.rtest function result was indicated as 
observation = 0.3572049 and a P-value of 0.0002 which 
fall’s on the rejection reg ion with a significance level of 5% 

(α = 0.05); this implies that there is presence of statistical 
significance on the weekly weight of the two  groups of 
broiler birds. Since, there exist significance difference 
between the weekly weights of the two groups of broiler 
birds; it should be appreciated to express graphically the 
average weekly behaviour in weight of the two groups of 
broiler birds. Hence, it was observed from Figure 1 that the 
average weekly weight of broiler b irds fed with feed A was 
found to weigh more than broiler birds fed with feed B for 
the observed period of eight weeks. 
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Figure 1.  Distribution of the average weekly weight of birds feed with 
feed A and feed B 

5. Conclusions 
From the discussion, it  was denoted that there exists a 

linear weak positive resemblance between the weight of 
Group A bro iler b irds and Group B broiler birds and the 

presence of statistical significance.  Th is result implies that 
the weekly weights of the two Groups of broiler birds are not 
statistically equal. It was equally observed that across the 
observed weeks that broiler birds fed with feed A weigh 
more than broiler birds fed with feed B as was expressed in 
Figure 1. This implies that broilers fed with feed A was able 
to perform better in weight across the observable weeks than 
broilers fed with feed B. Hence, the broiler production 
manager is best advised to keep up with feed A in other to 
obtain a better production of broiler birds and profitability. 

Appendix A 
Illustrative Manual Solution of the Methodology 
From Appendix A, we shall unfold the lower objects of 

matrices DA and DB into column A and B in  Table 3 
below: 

Table 3.  Distribution of the unfolded matrices and permutations 

S/No A B 
          

1 1.8714 1.2359 6.15 1.9957 2.1476 4.2302 4.0675 4.1967 1.811 2.1662 3.3589 6.15 
2 3.3589 2.4632 4.1967 7.3686 11.5294 2.1662 2.0987 2.1476 1.8714 13.1731 1.528 4.1967 
3 1.528 1.2825 2.1476 5.5398 9.7025 13.1731 9.4615 11.5294 3.3589 11.3481 5.306 2.1476 
4 5.306 4.0461 11.5294 4.0675 8.2286 11.3481 7.63 9.7025 1.528 9.884 3.478 11.5294 
5 3.478 2.8384 9.7025 2.0987 6.2835 9.884 6.15 8.2286 5.306 7.9488 1.9957 9.7025 
6 1.9957 1.6588 8.2286 9.4615 4.2302 7.9488 4.1967 6.2835 3.478 5.9093 7.3686 8.2286 
7 7.3686 5.6504 6.2835 7.63 2.1662 5.9093 2.1476 4.2302 1.9957 3.848 5.5398 6.2835 
8 5.5398 4.4469 4.2302 6.15 13.1731 3.848 11.5294 2.1662 7.3686 1.811 4.0675 4.2302 
9 4.0675 3.2946 2.1662 4.1967 11.3481 1.811 9.7025 13.1731 5.5398 1.8714 2.0987 2.1662 

10 2.0987 1.6363 13.1731 2.1476 9.884 1.8714 8.2286 11.3481 4.0675 3.3589 9.4615 13.1731 
11 9.4615 7.918 11.3481 11.5294 7.9488 3.3589 6.2835 9.884 2.0987 1.528 7.63 11.3481 
12 7.63 6.7299 9.884 9.7025 5.9093 1.528 4.2302 7.9488 9.4615 5.306 6.15 9.884 
13 6.15 5.5612 7.9488 8.2286 3.848 5.306 2.1662 5.9093 7.63 3.478 4.1967 7.9488 
14 4.1967 3.9814 5.9093 6.2835 1.811 3.478 13.1731 3.848 6.15 1.9957 2.1476 5.9093 
15 2.1476 2.5214 3.848 4.2302 1.8714 1.9957 11.3481 1.811 4.1967 7.3686 11.5294 3.848 
16 11.5294 9.8356 1.811 2.1662 3.3589 7.3686 9.884 1.8714 2.1476 5.5398 9.7025 1.811 
17 9.7025 8.6476 1.8714 13.1731 1.528 5.5398 7.9488 3.3589 11.5294 4.0675 8.2286 1.8714 
18 8.2286 7.4724 3.3589 11.3481 5.306 4.0675 5.9093 1.528 9.7025 2.0987 6.2835 3.3589 
19 6.2835 5.8801 1.528 9.884 3.478 2.0987 3.848 5.306 8.2286 9.4615 4.2302 1.528 
20 4.2302 4.3545 5.306 7.9488 1.9957 9.4615 1.811 3.478 6.2835 7.63 2.1662 5.306 
21 2.1662 2.0591 3.478 5.9093 7.3686 7.63 1.8714 1.9957 4.2302 6.15 13.1731 3.478 
22 13.1731 170.1937 1.9957 3.848 5.5398 6.15 3.3589 7.3686 2.1662 4.1967 11.3481 1.9957 
23 11.3481 169.97 7.3686 1.811 4.0675 4.1967 1.528 5.5398 13.1731 2.1476 9.884 7.3686 
24 9.884 169.7055 5.5398 1.8714 2.0987 2.1476 5.306 4.0675 11.3481 11.5294 7.9488 5.5398 
25 7.9488 169.3481 4.0675 3.3589 9.4615 11.5294 3.478 2.0987 9.884 9.7025 5.9093 4.0675 
26 5.9093 169.0169 2.0987 1.528 7.63 9.7025 1.9957 9.4615 7.9488 8.2286 3.848 2.0987 
27 3.848 169.0003 9.4615 5.306 6.15 8.2286 7.3686 7.63 5.9093 6.2835 1.811 9.4615 
28 1.811 168.8171 7.63 3.478 4.1967 6.2835 5.5398 6.15 3.848 4.2302 1.8714 7.63 
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Where, 1
*A , 2

*A ,..., 10
*A  are the various permutations of 

the vector A. 
Using the formula labelled Equation 1, we shall obtain 

the following measure to fo rm the d istribution under 10 
permutations as given; 

357.0)( =ABrM  and the measures below forms *
Mr

(the distribution under permutation)  for 10 permutations; 

1
*( ) 0.065Mr A B = − , 2

*( ) 0.468Mr A B = − , 

3
*( ) 0.044Mr A B = − , 4

*( ) 0.186Mr A B = , 

5
*( ) 0.298Mr A B = − , 6

*( ) 0.036Mr A B = , 

7
*( ) 0.351Mr A B = , 8

*( ) 0.135Mr A B = , 

9
*( ) 0.056Mr A B = , 10

*( ) 0.065Mr A B = − . 
For a one – tailed test involving the upper tail, we 

calculate the probability as the proportion of values *
Mr  

greater than or equal to Mr . Since the number of Mr (the 
reference value) is given as p-value= 0/10= 0.00. We should 
understand that as the number of permutation increases to 
10,000 to 50,000 permutations the distribution under 
permutation stables and the dist.quant method use is method 
1 which is the canonical measure. 

 

REFERENCES 
[1] Ao, Z. and Choct, M. Effect of early feeding and grain type on 

growth and performance of broilers. Aust. Poult. Sci. Symp. 
2004, 16: 116-119. 

[2] Noy, Y. and Sklan, D. Management of early nutrition and its 
effect on gastro intestinal and broiler development. Poultry 
Beyond 2010, Auckland, NZ, 2005. 

[3] Legendre, P. Comparison of Permutation Methods for the 
Partial Correlation and Partial Mantel Tests. J. Statist. 
Comput. Simulation, (67), 37 – 73; 2000. 

[4] Mantel, N. The Detection of Disease Clustering and a 
Generalized Regression Approach. Cancer Res., 27, 209 – 
220, 1967. 

[5] Mantel, N. and Valand, R. S. “A Technique of Nonparametric 
Multivariate Analysis” Biometrics, 26, 547 – 558, 1970. 

[6] Daniel, W. W. Applied nonparametric statistics. Boston: 
Houghton Mifflin, 1978. 

[7] Hubert, L. J. & Schultz, J. “Quadratic Assignment as a 
General Data Analysis Strategy”; British Journal of 
Mathematical and Statistical Psychology, 29, 190-241; 1976. 

[8] Mielke, P. W. Clarification and Appropriate Inferences for 
Mantel and Valand Non-parametric Multivariate Analysis 
Technique. Biometrics, 34(2), 277 282, 1978. 

[9] Sokal, R. & Rohlf, F. The Comparison of Dendograms by 
Objective Method. Taxon,11, 3; 1962. 

[10] Dalgaard, P. Introductory Statistics with R. Springer, NY; 
2002. 

 


