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A total number of two hundred and eighteen New Zealand White 

rabbits were used to predict total muscle weight using nine live body 

measurements taken on the head, chest, loin, round and total body length 

and their three principle component varimax rotated scores. Total muscle 

weight (TMW) was more variable than any morphological live trait. 

 The highest phenotypic correlations with total muscle weight were 

recorded with the live measurements of the most meat-producing regions 

in the body (r = 0.77, 0.75, 0.76, 0.60 and 0.58 for chest width, loin 

width, chest girth and abdomen girth, respectively). Results showed that 

out of the principal components (PCs) calculated, the first three explained 

74.14% of the total variance. The PC1, PC2 and PC3 explained, 

respectively, 29.33, 23.23 and 21.58% of the generalized variance. Based 

on correlations of: (i) 0.913, 0.919, 0.582 and 0.594, PC1 is primarily a 

measure of width of chest and loin and girth and depth of chest, (ii) 0.705, 

0.778 and 0.864, PC2 is primarily a measure of girth of chest, abdomen 

and round, (iii) 0.776, 0.791 and 0.696, PC3 is a measure of width of 

head and length of head and body. The stepwise involvement of PC1, PC2 

and PC3 in regressions predicting TMW were as follows: TMW= 728.3 + 

100.8 PC1 (R
2
 = 51%), TMW= 728.3 + 100.8 PC1 + 59.3 PC2 (R

2
= 

69%) and TMW= 728.3 + 100.8 PC1 + 59.3 PC2 + 48.2 PC3 (R
2
 = 

80%). 

Conclusively, Apply of principal component analysis was 

beneficial for avoiding any possible multicolinearity to occur and, thus, 

excluding any erroneous decisions to be taken when morphological body 

measurements were put together in a multiple regression. 

Key words: Principal component analysis, body measurements, total 

muscle weight, rabbits. 
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Linear body measurements have been used as predictors to estimate 

some carcass attributes in rabbits (Ogah, 2011; Oliveira et al., 2004; Pinna et 

al., 2004; Shemeis and Abdallah, 2000; Lukefahr and Ozemba, 1991). 

However, the great number of predictors together with the existing 

multicollinearity among them when put together in multiple regression model 

would lead to wrong decisions.  

Principal component analysis (PCA) is known (Constantin, 2014) to 

reduce the number of variables under analysis to small number of factors and 

to break the possible multicollinearity among them. So far, there is dearth of 

information on the interrelations among carcass muscle weight and 

morphometric traits of rabbits using a multivariate approach. Several 

researchers have employed independent variable scores derived from PCA to 

predict other carcass attributes and some live body traits (Akinsola et al., 

2014; Egena et al., 2014; Udeh, 2013; Ajayi and Oseni, 2012; Shahin, 2001; 

Shahin and Hassan, 2000). 

The relationships involving total muscle weight and morphological 

traits may be different when orthogonal conformation traits derived from 

principal component factor analysis are used instead of the intercorrelated 

body linear variables.  

Therefore, the present study was aimed at providing estimates of total 

muscle weight in New Zealand White rabbits using principal components.  

 

MATERIALS AND METHODS 

 

Source of data: 

A total number of two hundred and eighteen New Zealand White rabbis were 

chosen randomly at their 12-week marketing age. They were born and reared 

at the "Private Qanater Rabbit Farm", Qalyobia governorate.  

Management of animals: 

At the 28-day weaning age, rabbits were separated from their dams and kept in 

fattening batteries where they were fed ad libitum, until marketing, a 

commercial pelleted diet containing 18.8% crude protein, 11.0% crude fiber 

and 2.4% crude fat and providing 2800 kcal digestible energy/kg diet. 

Traits considered  

At marketing, the following measurements were taken on the carcass after 

slaughtering:  
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(i)  On the carcass: total muscle weight (TMW), which was obtained by 

doubling the dissected side muscle weight from the carcasses held at 2ºC 

for 24 hours after dressing the rabbits at the Ain Shams University, 

Faculty of Agriculture Meat Laboratory. While, the following live body 

measurements (LBM) were recorded before slaughtering: 

(ii) On the head:  

- Head width (HW) measured as the distance between the two eyes and  

- Head length (HL) is the distance from in-between the ears to the tip of 

nose. 

(iii) On the chest, loin and abdomen:  

- Chest width (CW) measured along the transverse diameter of the thorax, 

the greatest - width of chest just behind the shoulders,  

- Loin width (LW) measured along the transverse process of lumber 

vertebrae just in - front of the hind legs,  

- Chest girth (CG) measured surrounding of the thoracic cavity just behind 

the fore legs,  

- Abdominal girth (AG) measured surrounding the abdomen at the middle 

distance between the fore legs and hind legs and  

- Chest depth (CD) is the dorsal–ventral distance between the most dorsal 

point of the withers and the ventral surface of the sternum.  

(iv) On the round:  

- Round girth (RG) measured surrounding the thigh at its maximum 

perimeter. 

(v) On the total body:  

- Body length (BL) measured from the first thoracic vertebrae to the last 

sacral vertebrae along the dorsal mid-line. 

Statistical analysis 

SPSS (2007) statistical package program was applied for simple 

statistics calculation and the principal component analysis.  

Means, standard deviations and coefficient of variations of TMW and 

LBM were calculated and the Pearson’s correlation coefficients (r) between 

TMW and LBM were estimated. Data for the PCA were generated from the 

correlation matrix. Anti-image correlations, Kaiser-Meyer-Olkin (measures of 

sampling adequacy) and Bartlett’s test (test the null hypothesis that the 

original correlation matrix is an identity matrix) were computed to test the 

validity of the factor analysis of the data sets. TMW was predicted from linear 
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body measurements and from principal component factor scores with varimax 

rotation by using the following stepwise multiple regression models: 

TMW = a + Bi Xi + ………….. + Bk Xk ………… … . (1) 

TMW = a + Bi PCi + ………… + BK PCK + ………… (2) 

Where: 

TMW = The total muscle weight, a = The regression intercept and Bi = 

the i
th

 partial regression coefficient of the i
th

 linear body measurements 

(Xi) or the i
th

 principal component (PCi). 

 

RESULTS AND DISCUSSION 

 

Phenotypic variations: 

Descriptive statistics of total muscle weight and live morphological 

traits are presented in Table 1. Total muscle weight appeared more variable 

than any live morphological trait. Its variation in the present study was 

comparable to that obtained by Shahin (2001) (C.V.= 19.4 vs 23.5%, 

respectively). The head which is known to be the earliest maturing region in 

the animal body showed the least variation for its bony measurements (C.V. = 

4.9 and 4.7% for HW and HL, respectively). The chest, loin and round which 

are known to have intermediate maturing rate, presented average variation for 

their measurements (C.V.= 16.5, 13.9 and 13.3% for LW, CW and RG, 

respectively). 

 

Coefficients of phenotypic correlation: 

Pearson’s coefficients of phenotypic correlation among various linear 

body measurements and total muscle weight are given in Table 2, with 

stronger correlations (above 0.5) are shown in boldface. The highest 

correlation with TMW was recorded for TMW with CW (r = 0.77, P<0.01) 

and for TMW with LW(r = 0.75, P<0.01) on one hand, and for TMW with CG 

(r = 0.76, P<0.01), TMW with AG (r = 0.60, P<0.01) and TMW with CD (r = 

0.58, P<0.01), on the other. This suggests that body measurements of width, 

girth and depth of the trunk region are the most correlated with TMW. In 

agreement with these results, Shemeis (1999), on the same breed of rabbits, 

reported that using abdominal girth would be more efficient than using round 

girth to predicting meatiness. 
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Table 1. Descriptive statistics of the body measurements (cm) and total 

muscle weight (gm) 
Measurements taken on the: Mean SE CV% 

(i) Total carcass  TMW 728.2 9.50 19.4 

      

(ii) Head  HW 4.1 0.01 4.9 

  HL 9.2 0.03 4.7 

      

(iii) Chest, loin and abdomen  CW 5.1 0.04 13.9 

 LW 5.5 0.06 16.5 

 CG 23.4 0.11 7.1 

 AG 26.3 0.13 7.3 

 CD 5.9 0.03 8.5 

      

(iv) Round  RG 18.4 0.14 13.3 

      

(v) Total body  BL 31.7 0.14 6.4 

TMW: Total muscle weight, HW: Head width, HL: Head length, CW: Chest width, LW: Loin 

width, CG: Chest girth, AG: Abdomen girth, CD: Chest depth, RG: Round girth, BL: Body length. 

 

Lower correlations (though significant) were obtained in this study, as 

compared to those given by Shahin and Hassan (2000) on the same breed, 

between body length and chest width (r = 0.21, Table 2 and r = 0.75, Shahin 

and Hassan, 2000) and between body length and round girth (r = 0.40, Table 2 

and r = 0.71, Shahin and Hassan, 2000). The higher correlation between chest 

girth and abdomen girth in the present study (r = 0.78) was comparable to that 

previously obtained (r = 0.80) by Gouda and Shemeis (2014) on the same 

breed.  

In agreement with the present study, Lewczuk et. al. (2001) on Danish 

White rabbits indicated the chest conference to be among the predictors of the 

highest correlation with carcass lean weight.  

Correlation estimates reported in the present work between total 

muscle weight and chest girth (r = 0.76) and between total muscle weight and 

chest width (r = 0.77) were comparable to those previously given by Michalik 

et. al. (2006) on French Lop rabbits for the relationship between carcass meat 

and chest girth (r = 0.61) and between carcass meat and chest width (r = 0.63). 
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Principle components: 

A total number of nine principle components (Figure 1) have been 

calculated, out of which three fulfilled the conditions of usage of PCA (i.e. 

each component being represented by more than one variable; eigenvalues are 

greater than one; the components taken together explain high percentage of 

total variance). 

 

  
 

After varimax rotation of the component matrix, three factors were 

extracted. To interpret each component, the correlations between the original 

data for each variable and each principal component were computed (Table 3). 

Interpretation of the principal components is based on finding which variables 

are most strongly correlated with each component. The larger correlations are 

in boldface in Table 3.  

The first principal component (PC1) is strongly correlated with four of 

the original variables. The PC1 increases with chest width, loin width, chest 

girth and chest depth. This suggests that these four criteria of the trunk region 

vary together, if one increases the remaining criteria increase. Based on the 

correlation of 0.913 and 0.919, the PC1 is primarily a measure of width of 

chest and loin. It would follow that rabbits with high chest girth and chest 

depth would tend to have great width at chest and loin. Such measures of 

width would reflect the development of muscle longissimus thoracis et 

lumborum the weight of which is traditionally used to predict total carcass 

muscle weight.  
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Table 3. Correlations between original body measurements and principal 

component factors 

Measurements taken on the: PC1 PC2 PC3 Communality  

(ii) Head  HW 0.177 0.063 0.776 0.64 

  HL 0.241 0.029 0.791 0.69 

(iii) Chest, loin and  

       Abdomen 

 CW 0.913 0.088 0.162 0.87 

 LW 0.919 0.059 0.132 0.87 

 CG 0.582 0.705 0.165 0.86 

 AG 0.404 0.778 0.053 0.77 

 CD 0.594 0.182 0.362 0.52 

(iv) Round  RG -0.129 0.846 0.154 0.76 

(v) Total body  BL 0.033 0.473 0.696 0.64 

Eigenvalues   2.64 2.09 1.94  

% of total variation   29.33 23.23 21.58  
 

The second principal component (PC2) can be viewed as a measure of 

how great the rabbit body circumference is in terms of the girth at the level of 

chest (0.705), abdomen (0.778) and round (0.846).  

The third principal component (PC3) is highly correlated with body 

length, head length and head width. This suggests that rabbits with high body 

length also tend to have larger head size. The PC1, PC2 and PC3 explained, 

respectively, 29.33, 23.23 and 21.58% of the generalized variance.  
 

Estimation of total muscle weight from interdependent live body 

measurements and their independent principal component scores:  

The results of stepwise multiple regression to predict TMW were given 

in Table 4, using the original linear body measurements (analysis i) and the 

principal component factors of linear body measurements (the orthogonal 

traits, analysis ii). 

In analysis i, chest width explained most of the total variation in TMW 

(R
2
= 60%). Addition of chest girth to the model increased the accuracy of total 

muscle weight prediction by 13%. Chest width and chest girth were already 

referred to (Table 2) as the most correlated variables to TMW. Addition of 

head length (HL) to the model involving CW and CG increased the accuracy 

of prediction by 4%. Stepwise addition of further original traits did not 

increase accuracy of prediction of TMW by no more than 4%. Thus, a 

practical three-linear- measurement regression equation for estimating TMW 

is: TMW (gm) = -1176.6 + 65.1 CW + 87.0 CG + 36.6 HL (R
2
= 77%). 
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Table 4. Stepwise multiple regression of total muscle weight on original linear 

body measurements and on their principal component factors 
 

Analysis 

 

Model 

Explanatory variables 

(predictors) 

 

Intercept 

Regression 

coefficient 

 

R
2
 % 

(i)  Original body measurements as independent variables  

1 Chest width -55.4 152.4 60 

 2 Chest width 

Chest girth  

-687.0 

 

96.6 

39.2 

73 

 3 Chest width 

Chest girth 

Head length 

-1176.6 65.1 

87.0 

36.6 

77 

 4 Chest width 

Chest girth 

Head length 

Loin width 

-1141.6 62.2 

44.5 

40.8 

35.9 

79 

 5 Chest width 

Chest girth 

Head length 

Loin width 

Round girth 

-1147.6 58.3 

57.5 

41.5 

26.2 

10.8 

80 

 6 Chest width 

Chest girth 

head length 

Loin width 

Round girth 

Body length 

-1185.7 8.0 

44.4 

57.8 

43.4 

23.3 

9.1 

81 

(ii)  Orthogonal traits as independent variables  

1 PC1 728.3 100.8 51 

 2 PC1 

PC2 

728.3 100.8 

59.3 

69 

 

 3 PC1 

PC2 

PC3 

728.3  100.8 

59.3 

48.2 

80 

 

The justification of usage of PCA appeared clearly from the results 

given in Table 4 whenever two predictors (CW and CG) are used, an accuracy 

of 73% are obtainable. The accuracy reached 79% through use of four 

predictors (CW, CG, HL and LW), three out of which presented high degree 

of multicollinearity (the variance inflation factor, vif, for CW, CG and LW 

were, respectively, 4.36, 4.27 and 3.83%). 

In analysis ii, PC1 alone contributed to 51% of the total variation in 

TMW. Addition of PC2 to the model increased the accuracy of TMW 
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prediction by 18%. The increase in such accuracy as a result of adding PC3 to 

the model was limited to 11%. Thus, a reliable three-factor-score regression 

equation for estimating TMW is: TMW (gm) = 728.3 + 100.8 PC1+ 59.3 PC2 

+ 48.2 PC3 (R
2
 = 0.80). This prediction equation is a reasonable alternative to 

the 4-original-measurement equation, as the 3-principal component equation 

gives almost the same accuracy without any degree of multicollinearity 

(vif=1.00). 

Conclusively, apply of principal component analysis was beneficial for 

avoiding any possible multicolinearity to occur and, thus, excluding any 

erroneous decisions to be taken when morphological body measurements were 

put together in a multiple regression. 
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 التنبؤ بوزن العضلات الكلي من الصفات المظهرية فى الأرانب باستخدام

 تحليل المكونات الأساسية 
 

 حمد راغب شميس ، عمر يسرى عبد اللهأجودة ، جودة فتحى 
 مصر،  القاهرة 11211قسم الانتاج الحيواني كلية الزراعة ، جامعة عين شمس ، شبرا الخيمة  

 

( TMW)أرنب نيوزيلندى أبيض للتنبؤ بوزن العضلات الكلى  212استخدم عدد تم 

باستخدام تسعة مقاييس خارجية للجسم مأخوذة على الرأس، الصدر، القطن، الفخذ 

قيم ثلاثة مكونات أساسية ناتجة من تدوير المحاور عمودياً بطريقة والجسم  وإجمالي

وزن العضلات الكلى أكثر تبايناً من الدراسة أن وقد أوضحت . (varimax) الفاريماكس

أعلى الارتباطات المظهرية مع وزن العضلات الكلى وأن  للجسم خارجيى مقياس أ

 = r)سجلت مع القياسات الخارجية للمناطق الأكثر ارتباطاً بإنتاج اللحم فى الجسم 

ط الصدر، محيط القطن، محي عرضمن لكل  (0.58 ,0.60 ,0.76 ,0.75 ,0.77

الثلاث مكونات الاساسية الأولى  وقد وجد أن .(التواليالصدر و محيط البطن، على 

 (PC2) والثانى (PC1) حيث يفسر المكون الأول. من التباين الكلى% 41.11تفسر 

معتمدا . من التباين الكلى% 21.12 و 22.22،  23.22على التوالى  (PC3) والثالث

ن المكون الأول إف  3.312  ،3.313  ،3.122  ،3.131( i)على الارتباطات الآتية 

( ii)يعتبر بالدرجة الأولى مقياساً لعرض الصدر والقطن والمحيط وكذلك لعمق الصدر، 

يعتبر بالدرجة الأولى مقياساً لمحيط  الثانين المكون إف 3.2.1 و 3.442، 3.431

المكون الثالث يعتبر فأن  .3..3 و 3.44.  ،3.431( iii)، والفخذ البطن والصدر 

أمكن التنبؤ بإجمالي وزن العضلات وقد  .مقياساً لعرض الرأس وطول الرأس والجسم

،  PC1  ،PC2) الثلاثةالأساسية لمكونات علي اتشتمل بناء معادلة تنبؤ في الذبيحة ب

PC3) التي تم استخلاصها في هذه الدراسة  كالتالي :  

TMW= 728.3 + 100.8 PC1+ 59.3 PC2           (R
2
 = 69%),       

TMW= 728.3 + 100.8 PC1+ 59.3 PC2 + 48.2 PC3 (R
2
 = 80%). 

تطبيق تحليلل المكونلات الاساسلية كلان مفيلدا فلى اسلتبعاد الارتباطلات الخطيلة  :التوصية

المحتملللة الحللدوث، وبالتللالى، اسللتبعاد اى قللرارات خاط للة قللد تؤخللذ عنللد وضللع قياسللات 

 .ها البعض فى الانحدار المتعددالجسم الخارجية مع بعض

 

 


