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ABSTRACT

The study was conducted to determine the effect of Breed, sex and age on fetal parameters on pregnant cows slaughtered at kano main abattoir, Kano state. The breed included red bororo, white Fulani and adamawa gudali. The cow aged 4-7 years old. The data used for the study included 85 red bororo, 85 white Fulani and 31 adamawa gudali. The animals were aged by dentition, weighed using a weighing band or tape and weighing scale. Fetal parameters measured included TBL, CVRL, CC, RADIUS, TIBIA, UCL and FETAL AGE. The experiment was conducted in a cross-sectional design. Data were analyzed using statistical package for social sciences, SPSS Version 16.0. Result also showed  no significant (P<0.05) differences on fetal parameters TBL, CVRL, CC, RADIUS, TIBIA and UCL, Adamawa Guadali recorded the highest means (91.56±3.56cm, 68.68±3.23cm, 56.96±2.78cm, 20.51±1.00cm and 37.54±1.22cm respectively) and the lowest means was observed in white Fulani (71.46±2.46cm, 52.30±2.06cm, 42.68±1.75cm, 12.70±0.59cm, 16.46±0.63cm and 33.36±0.78cm respectively). Highest means observed in 7 and 4years and the least was observed in 5years.  
INTRODUCTION

Generally, cattle are raised for meat, milk, leather, dung, and draft purposes. Cattle as an economically important farm animal in Nigeria requires sound management and adequate conservation strategy through characterization at the molecular level for sustainable development (Erhardt & Weimann, 2007). Variations at DNA level contribute to the genetic characterization of cattle populations and this may help to identify possible hybridization events as well as past evolutionary trends (Choudhary, Sethy, Shokeen & Bhatia, 2006).  
About 12.5 million cattle were kept in pastoral systems and 2.4 million in villages (FAOSTAT, 2006). These were predominantly zebu, but include 115,000 Muturu, some Keteku, N’dama and Kuri. In Nigeria, the mean density of cattle is approximately 15/km², or 6.6 hectare/head (Hannotte & Jianlin, 2005). Cattle numbers increase steadily with declining rainfall, so that much of the south has low cattle densities and most of the population is in the north (CBN, 2010).

Fetus is a stage in the prenatal development of viviparous organism, fetus is a stage between the embryonic state and birth (Burton, Kaufmann & Hupertz, 2006). The fetal stage of development tends to be taken as beginning at the gestational age of eleven weeks i.e. nine weeks after fertilization (Burton et al., 2006). Fetal growth is a result of complex interactions among several maternal, fetal and placental mechanisms (Lee et al., 2009). The primary contributor to differences in fetal growth is fetal genotype, which consists of contributions from both the sire and dam (Ferrel, 1993). The cow, through her “uterine environment”, may limit fetal growth to varying extent (Ferrel, 1993).

In cattle, genetic factors influencing fetal growth include breed-level effects and genotype effects within breeds, while environmental factors can include maternal effects such as nutrition, lactation status, parity and size (which can also be influenced by genetics) (Bunyaga, 2015). The physiological status of the dam may also affect fetal growth; for example, in early pregnancy, fetal development in lactating Holsteins is slower than in cows which were dried off at calving (Green, Meyer, Williams, Newsom, Keisler & Lucy 2012). In Belgian Blue dams, growth of the dam seems to be a more important limiting factor for fetal growth than lactation (Bunyaga, 2015). 

1. MATERIAL AND METHODS

1.1. Study location and animals 
Samples were collected from Kano Main Abattoir situated on Latitude 12.0128ºN and Longitude 08.5211ºE, with elevation of 481 m above sea level. The abattoir covers a land area of about 1.1 hectare. It is located within Kano metropolis in Dala Local Government Area of Kano State. Different breeds of cattle are slaughtered at Kano main abattoir, but the common breeds are White Fulani, Sokoto Gudali, Red Bororo, Adamawa Gudali, Muturu, Ndama and Crossbreds (personal communication with abattoir staff and butchers).  Cross-sectional design was employed in the study. After slaughter and evisceration, the placenta and its associated fetus was subjected to series of measurements following measurement of the length of the umbilical cord. Cross-sectional design was employed in the study. The reproductive history of the cows is not known.  The sample size was determined according to the formula of Thrusfield (2005) as shown below.
n = 1.962 x Pexp (1- Pexp) ÷ d2
Where,

n = required sample size

Pexp = expected prevalence

d = desired precision
FETAL PARAMETERS   

The fetus was freed from the placenta by severing the umbilical cord, after which the following fetal parameters were recorded: 

1. Presence or absence of hair. 

2. Fetal sex.     

3. Total body length (TBL): The length in cm from the tip of nose to the tip of the tail following the normal vertebral direction 

4. Crown-vertebral rump length (CVRL): The length in cm from the frontal bone to the root of the tail following the normal vertebral direction. 

5. Chest circumference (CC): Crossing the tape over the sternum in front of the hump.

6. Length of umbilical cord (LUC): The length in cm of the umbilical cord 

7. Radius: The length of the fore-arm in cm. 
8. Tibia: The length of the fore-leg in cm.

9. Weight of fetus (FWT): The weight of the fetus in kilograms was measured using a weighing scale (D.L.D Electronic Co., Ltd., China).

10. Fetal age was derived using the regression equation described by Richardson et al. (1990) as shown below.

X = 2.5 (Y + 21)

Where,

X = fetal age in days

Y = CVRL in cm

DATA ANALYSES                                          
Two-Way ANOVA with interaction was employed to determine the effect of fetal sex, age and sex x age interaction on feto-placental parameters across breeds. Relationship between dam breed and fetal sex was determined using Chi-Square Test for Independence. Fetal weight was predicted using simple linear (Y = a + bX), multiple (Y = a + b1X1 + b2X2 + b3X3 + …bkXk ) and allometric (Y = aXb) regression equations (where, Y = dependent or response variable; a = intercept – the value of the dependent variable when the independent variable is zero; b = regression coefficient, X = the independent variable) and reliability of prediction among regression methods was determined by comparing the coefficients of determination (R2). The Bland-Altman plot was used to determine agreement between estimated and actual fetal weights. The Keisan online exponential function calculator was used to generate the allometric regression coefficient and MedCalc Statistical Software version 48.2.1 was used for the Bland-Altman plot. The remaining statistical analyses were carried out using the Statistical Package for Social Sciences software for Windows (SPSS version 16.0, SPSS Inc., Chicago, IL, USA). 
RESULTS

Estimated marginal means of bovine fetal parameters as affected by dam breed is presented in Table 1. There was a statistically significant (P<0.05) difference in total body length (TBL), crown vertebral rump length (CVRL), chest circumference (CC), radius length (RL), tibia length (TL) and umbilical cord length (UCL) across dam breeds. TBL in fetuses from Adamawa Gudali (91.56 ± 3.86 cm) and Red Bororo (88.85 ± 2.06 cm) dams were significantly (P<0.05) different from corresponding TBL (71.46 ± 2.46 cm) in fetuses from White Fulani dams. However, there was similarity (P>0.05) in TBL values between fetuses from Adamawa Gudali and Red Bororo dams. The same trend was recorded for CVRL, CC, RL, TL and UCL.

Table 1: Estimated Marginal Means for Fetal Parameters as Affected by Dam Breed 

Fetal Parameters

                N      TBL(cm)        CVRL(cm)      CC(cm)         RL (cm)         TL(cm)      UCL(cm) 

RB          85    88.35±2.06ab   65.32±1.72ab   54.39±1.49ab  16.10±0.49 ab  20.12±0.65ab 34.33±0.65ab
WF         85   71.46±2.46c   52.30±2.06c    42.68±1.75c   12.70±0.59c      16.46±0.63c   33.36±0.78bc

        AG          31  91.56±3.56a   68.68±3.23a   56.95±2.78a    16.92±0.92a    20.51±1.00a   37.54±1.22a
TBL= Total body length, CVRL= Crown-Vertebral rump length, CC=Chest Circumference, RL= Radius length, TL= Tibia length, UCL= Umbilical cord length, RB= Red Bororo, WF= White Fulani, AG= Adamawa Gudali. 
Estimated marginal means of bovine fetal parameters as affected by dam age is highlighted in Table 2. There was no statistically significant (P>0.05) difference in CVRL, CC, RL, TL and UCL in fetuses across dam age groups. However, TBL was statistically significant (P<0.05) across dam age groups.  TBL (87.47 ± 2.23 cm) in fetuses from 6.5year old dams were similar with TBL (84.61 ± 4.12 cm) in fetuses from 7.5 year old dams. The same trend was observed in TBL between fetuses (84.60 ± 4.36 cm) from 4.5 year old dams and fetuses (79.15 ± 1.93 cm) from 5.5 year old dams. There was a statistically significant (P<0.05) difference in TBL among fetuses from 6.5 year old (87.47 ± 2.23 cm), 5.5 year old (79.15 ± 1.93 cm) and 4.5 year old (84.60 ± 4.36) dams. The same trend was recorded for fetuses from 7.5 year old, 5.5 year old and 4.5 year old dams.

Table 2: Estimated Marginal Means for Fetal Parameters as Affected by Dam Age 

 Fetal Parameters

Dam Age      N     TBL(cm)         CVRL(cm)      CC(cm)         RL (cm)        TL(cm)   UCL(cm)

(years)     


3.5-4.5           30    84.60±4.36ab    62.25±3.66   51.51±3.15    14.79±1.04    18.62±1.12   34.62±1.38 
4.5-5.5            92    79.15±1.95c    58.38±1.62  48.22±1.39   14.37±0.46    18.51±0.50   34.50±0.61 

5.5-6.5             59    87.47±2.23a   64.82±1.87 53.10±1.61    15.80±0.53    19.97±0.57   35.75±0.71 

6.5-7.5             20    84.31±4.12ab   62.94±3.45 52.53±2.97   16.00±0.98   19.42±1.06   36.11±1.30            

   TBL= Total body length, CVRL= Crown-Vertebral rump length, CC=Chest Circumference, RL= Radius length, TL= Tibia length, UCL= Umbilical cord length

Estimated marginal means of bovine fetal parameters as affected by dam breed x age interaction is shown in Table 3. No statistically significant (P>0.05) interactive effect of dam breed and age was recorded in TBL, CVRL, CC, RL, TL and UCL.
Table 3: Estimated Marginal Means for Fetal Parameters as Affected by Dam Breed x Age Interaction

	 Fetal Parameters


 Dam Breed     Age(Year)    N    TBL(cm)    CVRL(cm)         CC(cm)      RL(cm)         TL(cm)           UCL(cm)


Red Bororo           3.5-4.5   10   89.70±3.11   65.30±4.29     51.80±3.69   16.20±1.22   20.30±1.31      33.40±1.61

                              4.5-5.5   44   82.50±2.44   61.27±2.04     50.09±1.17   14.80±0.58   19.46±0.63      34.30±0.79  

                              5.5-6.5    19   87.63±3.71   65.37±3.11     54.32±2.68   15.32±0.89   19.46±0.95      35.79±1.17 

                              6.5-7.5    12   95.58±4.67   69.38±3.91     61.33±3.37   18.00±1.11   21.00±1.20      36.83±1.47    

White Fulani        3.5-4.5      18   71.11±3.81   53.44±3.19    43.22±2.75    12.67±0.91   16.56±0.98      32.94±1.20

                              4.5-5.5      35   69.63±2.73   51.57±2.29    42.17±1.97    12.31±0.66   15.86±0.70      33.97±0.86

                              5.5-6.5       28   82.61±3.06   61.18±2.56    50.07±2.21    14.57±0.73    19.18±0.79     34.04±0.97

                              6.5-7.5       4   62.50±8.08   44.00±6.78    35.25±5.83    11.25±2.08    14.25±2.08     32.50±2.55 

Adamawa Gudali   3.5-4.5         2    93.00±11.43  69.00±9.58   59.30±8.25    15.50±2.73   19.00±2.94     38.50±3.61 

                                4.5-5.5        13   85.31±4.48    62.31±3.76   52.39±3.24    15.92±1.07   20.23±1.15     35.23±1.42

                                5.5-6.5         12   92.17±4.67    67.92±3.91   54.92±3.37    17.50±1.11   21.00±1.20     37.42±1.42

                                6.5-7.5          4   95.75±8.08    75.50±6.78   61.00±6.78    18.75±1.93   23.00±2.08     39.00±2.55 



	 


Estimated marginal means of bovine fetal parameters as affected by fetal sex x fetal age interaction is highlighted in Table 4. There was no significant (P>0.05) interactive effect of fetal sex and fetal age on TBL, CVRL, CC, RL, TL and UCL. 

Table 4: Estimated Marginal Means for Fetal Parameters as Affected by Fetal Sex 

Fetal Parameters

Fetal Sex          N           TBL(cm)        CVRL(cm)      CC (cm)       RL(cm)          RL(cm)        UCL(cm)
Male                 98         74.13±1.04    54.63±0.77      45.26±0.86    13.07±0.29    16.89±0.34   34.65±0.60

Female             103        73.43±1.04    54.14±0.84      44.73±0.93    13.08±0.31    16.93±0.37   33.89±0.66  

TBL= Total body length, CVRL= Crown-Vertebral rump length, CC=Chest Circumference, RL= Radius length, TL= Tibia length, UCL= Umbilical cord length, 

Estimated marginal means of bovine fetal parameters as affected by fetal age is shown in Table 5. There was a statistically significant (P<0.05) in total body length (TBL) among fetuses within the age groups of 221-286 (98.37 ± 0.99 cm), 155-220 (76.30 ± 0.85 cm) and 89-154 (46.65 ± 1.91 cm) days. The same trend was recorded in crown rump vertebral length (CVRL), chest circumference (CC), radius length (RL) and tibia length (TL). Umbilical cord length (UCL) in fetuses within the 221-286 days age group (36.38 ± 0.57 cm) decreased  significantly (P<0.05) to 33.70 ± 0.49 cm and subsequently to 32.74 ± 1.10 cm in the 155-220 and 89-154 days fetuses, respectively. However, there was no statistically significant (P>0.05) difference in UCL between the 89-154 and 155-220 days fetuses.

Estimated marginal means of bovine fetal parameters as affected by fetal sex x fetal age interaction is highlighted in Table 6. There was no significant (P>0.05) interactive effect of fetal sex and fetal age on TBL, CVRL, CC, RL, TL and UCL. 

Table 5: Estimated Marginal Means for Fetal Parameters as Affected by Fetal Age 

Fetal Parameters

Fetal Age            N       TBL(cm)          CVRL(cm)       CC (cm)        RL(cm)       TL(cm)   UCL(cm)
(days)                              

89-154                21       46.65±1.91a   33.06±1.41c    28.07±1.57c     7.33±0.52c   10.56±0.61c   32.89±1.10b  
155-220             104     76.30±0.85b    54.95±0.63b    45.26±0.70b   13.44±0.23b 17.80±0.27b   33.70±0.48b 

221-286             76        98.37±0.91a   75.14±0.74a    61.66±0.82a  18.46±0.27a   22.38±0.32a  36.38±0.57a 

TBL= Total body length, CVRL= Crown-Vertebral rump length, CC=Chest Circumference, RL= Radius length, TL= Tibia length, UCL= Umbilical cord length
Table 6: Estimated Marginal Means for Fetal Parameters as Affected by Fetal Sex x Fetal Age Interaction 

        Fetal Parameters

Fetal Sex    Fetal Age  N      TBL(cm)      CVRL(cm)    CC(cm)        RL(cm)      TL(cm)        UCL(cm)
                      (days)         


Male       89-154      12      48.75±2.49     34.33±1.85   29.58±2.06     7.67±0.69   11.00±0.81    34.25±1.44 

               155-220   49       75.55±1.23    54.49±0.92   44.86±1.02      13.12±0.34  17.41±0.46    34.08±0.71 

               221-220   37      98.08±1.42      75.05±1.05   61.35±1.17   18.43±0.39   22.27±0.46    35.62±0.82 


Female   89-154        9      44.56±2.88      31.78±2.14   26.56±2.37   7.00±0.79     10.11±0.93   31.22±1.67 

              155-220     55    77.06±1.17       55.40±0.84    45.66±0.96   13.12±0.34    18.20±0.93  33.31±0.67 

               221-22     39    98.67±1.38        75.23±1.03    61.97±1.14    18.49±0.46    22.49±0.45  37.13±0.8 

TBL= Total body length, CVRL= Crown-Vertebral rump length, CC=Chest Circumference, RL= Radius length, TL= Tibia length, UCL= Umbilical cord length
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Figure 1.The Bland-Altman Plot for Agreement between Actual and Predicted Fetal Weights 

DISCUSSION 

 Animal body measurements have been of recurring interest in most ruminant animals for selection and breeding programmes found in several scientific reports (Bene, Nagy, Kiss, Polgar & Szabo, 2007; Fajemilehin & Salako, 2008; Jimmy, David, Donald & Dennis, 2010). The current study adds to the literature in terms of body measurements in slaughter pregnant cattle in the study area.
As the cow advances in age, it is also normally expected to have gone through several cycles of pregnancy (parity). This implies that parity and cow age are somehow mutually exclusive. The significant increase in body weight, body length and heart girth with increasing age, in the present study, could be due to unbalanced sample sizes among the age groups that were compared; pregnant cows with the highest age (7.5 years) had the least sample size (20 cows) as against 30, 92 and 59 cows for age groups of 4.5, 5.5 and 6.5 years, respectively.   According to Musa, Idam and Elamin (2011), parity has effect on live body weight but not at a constant rate. They attributed reduction in live body weight in the second parity to advancement in both parity and age because the demand for maintenance and milk production increases.

Two local types of Adamawa Gudali were originally recognized in Nigeria: the Banyo, with Rahaji (Red Bororo) blood and the Yola, which has admixture of Muturu (Gates, 1952). It is rare for the Kanuri and Fulani pastoralists, who are the traditional owners of this breed, to have complete herds of Adamawa Gudali; they often are mixed with Wadara, Bunaji or Rahaji (Kubkomawa, 2017). This presents a scenario where crossbreeding is the norm rather than the exception. It is, therefore, not surprising that in this study total body length, crown-vertebral rump length, chest circumference, radius, tibia, placental and umbilical cord lengths and placental weight were similar between fetuses recovered from Adamawa Gudali and Red Bororo dams. It is possible that fetuses from Adamawa Gudali dams possess the Red Bororo blood to varying extent as a result of crossbreeding. However, no conclusive evidence could be advanced to support this assertion because information on the breeding history and level of admixture is not known. Factors such as fetal sex by fetal age interaction and the breed of fetus could serve as likely confounders that could hinder clear interpretation of the overall results. Moreover, there was significant effect of fetal sex by fetal age interaction on placental surface area in the current study. 
CONCLUSION 

The study was conducted to determine the effect of dam breed and age on fetal parameters in pregnant cows slaughtered at Kano main abattoir. The study utilized 201 pregnant cattle aged 4 to 7 years belonging to three different breeds (Red Bororo - 85, White Fulani - 85 and Adamawa Gudali - 31).
Allometry improved the reliability of estimates for both bovine fetal age and weight when fetal parameters were used as predictors. Placental parameters proved not to be reliable predictors of fetal age and weight irrespective of the type of regression equation used. There was no agreement between actual and predicted fetal weights; therefore, one cannot be a substitute for the other in practical terms.
RECOMMENDATIONS 

Allometric equations should be used for prediction of bovine fetal age and weight from fetal parameters.
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