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Abstract 
Growth curves and weaning stress differences were investigated in Turkish Saanen kids grouped for their weight 
and Body Mass Index (BMI = weight/height2). Data included 884 records collected from 61 Turkish Saanen kids 
raised in Canakkale, Turkey. Slopes were calculated for each kid and were analyzed as data using ordinary least 
squares, and repeated weights for each kid were analyzed using various covariance structures. Differences 
between male and female kids were small and non-significant before weaning (P = 0.55), while larger (P=0.06) 
after weaning. Heavy animals grew faster than light animals before weaning (P < 0.01) but lost their advantage 
after weaning (P > 0.05). Fat animals (high BMI) grew faster than lean animals (low BMI) before weaning (P < 
0.01) while the differences slightly diminished after weaning (P=0.04). This may be because light and lean kids 
were not affected from the weaning shock as much as the heavy and fat kids, which had stuttered growth after 
weaning. Fit statistics indicated that first-order ante dependence was the best fit covariance structure for these 
data. Analyses specifying random model and covariance structures did not have an advantage over an approach 
where slopes were manually calculated and analyzed as data using ordinary least squares. 
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Zusammenfassung 
Titel der Arbeit: Wachstumskurven von unterschiedlichen Lebensgewicht- und Körpermasseindex- 
Gruppen bei türkischen Saanen Ziegenlämmern 
Die Wachstumskurven und der Absetzstress wurden bei türkischen Saanen Ziegenlämmern untersucht, aufgeteilt 
in Gewichts- und Körpermasseindexgruppen (BMI=Lebendgewicht/Widerristhöhe2). Einbezogen wurden 884 
Lebendgewichtdaten von 61 Ziegen des Versuchsbetriebes der Canakkale Universität. Die Regressionskoeffi-
zienten von Lebendgewichtsdaten der einzelnen Tiere wurden mit unterschiedlichen statistischen Methoden, die 
Unterschiede in ihrer Kovarianzstruktur aufwiesen, analysiert. Bei den Regressionskoeffizienten wurden vor 
dem Absetzen im Gegensatz zu der Zeit nach dem Absetzen zwischen den Geschlechtern nicht signifikante ge-
ringe Unterschiede festgestellt (P=>0,05). Vor dem Absetzen wuchsen die fetteren, schwereren Tiere (höheren 
BMI) schneller als die magereren, leichteren (P=<0,01). Nach dem Absetzen verringerten sich diese Unter-
schiede signifikant zwischen den schweren und leichten bzw. fetten und mageren Tieren. Obwohl sich die Werte 
der Regressionskoeffizienten nach dem Absetzen in allen Gruppen verringern, sind die Unterschiede bei den 
schweren d. h. fetteren Tieren zwischen der Zeit vor bzw. nach dem Absetzen gröβer als bei den leichteren Tie-
ren. Für die analysierten Daten zeigte die “first-order ante dependence” Kovarianzstruktur die besten Anpas-
sungsparameter. Die Analysen, welche spezifische Modell- und Kovarianzstrukturen hatten, zeigten keinen 
Vorteil gegenüber den vorgenannten, wobei die Regressionskurven manuell errechnet und mit der üblichen Me-
thode der kleinsten Quadrate analysiert wurden. 
 
Schlüsselwörter: Türkische Saanen Ziegenlämmer, Wachstumskurven, wiederholte Daten, Regressionskoeffi-
zienten, Kovarianzstrukturen 
 
 

Introduction 
Dairy goats are capable of supplying their kids with enough milk to satisfy growth 
performances, even under conditions below the optimum (SNELL and TAWFIK, 
1999). Growth curves of goat kids may have significant deviations during weaning, 
which may be called a stressful event. Magnitude of the stress depends on age and 
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weight of the kids (MORAND et al., 1982). Heavy and light kids or male and female 
kids may react to weaning in different ways. Over-conditioned, or high BMI (Body 
Mass Index) kids may suffer more from weaning stress while leaner animals may be 
less sensitive to the effects of weaning. RINGDORFER (2001) reported that heavy 
kids had higher levels of kidney fat than light kids in Boer x Saanen kids. 
STEINHARDT and THIELSCHER (2004) reported that male and female calves had 
different growth curves and inter- and intraindividual variation were greater when 
calves were in 1 to 10 days old compared to the later age calves. 
Indigenous goat breeds are able to thrive with minimum inputs (LEBBIE, 2004). 
Though not an indigenous breed, Saanen kids that are lighter before weaning may 
perform a compensatory growth after weaning and offset the slower weight gain. Ugur 
et al. (2004) reported that Turkish Saanen kids that are weaned at different ages and 
had significantly different weights at weaning approached similar weights (P > 0.05) at 
3 months of age. SAMPELAYO (2003) reported similar as TOUKOUROU and 
PETERS (1999) that kids with restricted milk replacer intake had compensatory 
growth later with a reduction in energy requirements for maintenance. 
NAGPAL et al. (1995) wrote that in their study, late weaning (90 days) was more 
expensive compared to earlier weaning (60 days) and early weaning resulted in surplus 
milk of 12,7 to 22,5 kg. There are not enough studies in literature to determine an 
optimum weight at weaning. PALMA and GALINA (1995) reported that weaning kids 
at 10 kg had no significant effects on their breeding age and they could kid at 13-14 
months of age just like the kids weaned at 15 kg. MORAND et al. (1982) wrote that 
weaning at 10 kg and 8.5 kg did not delay the growth while weaning shock was 
significant when the kids were weaned at 7 kg.  
Major purpose of this study was to investigate the differences between growth curves 
of Turkish Saanen kids in different time periods. Effects of sex, weight classes (heavy 
or light) and BMI (Body Mass Index) values (fat or lean) on growth curves were 
investigated before weaning, after weaning and for the whole period. Investigating 
these effects may provide evidence on weaning stress and compensatory gain of 
Turkish Saanen kids.  
Methods to analyze repeated data were compared to investigate whether simpler 
methods provide similar answers. Using slopes as data and using weights and fitting a 
variance-covariance model to account for correlations arising from individual kids 
were compared to study whether these two methods change the rank of the major 
groups. In addition, correlations between slopes before weaning and slopes after 
weaning were calculated. 
 
 

Materials and Methods 
Data included 884 records collected on 61 Turkish Saanen kids raised in Uvecik 
Research Center, Canakkale, Turkey. The kids had access to standard kid rations and 
alfalfa hay as early as three days. After three days with the kids, dams were taken out 
to the pasture during the day. Kids were allowed to suckle their dams at night. 
Weaning age ranged from 36 to 42 d. After weaning, they were gradually allowed on 
pasture. 
Animals were divided into two weight groups at weaning. Animals heavier than 10 kg 
were included in the “heavy” group and those weighing equal to or lighter than 10 kg 
were included in the “light” group of animals because 10kg was the mean value of the 
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kids at weaning. Heavy and light animals were the two levels of a variable called 
“weight-class”. Effects of Body Mass Index (BMI= weaning weight/cidago height2) on 
slopes were investigated as well. In analyses including BMI, animals were divided into 
two groups. Animals were classified “fat” if their BMI value was larger than 0.06 and 
they were classified “lean” if the BMI value was smaller than or equal to 0.06 because 
0.06 was the mean BMI value of the kids at weaning. All the models included slopes 
as the dependent variable. The only exclusion was the model where ante-dependence 
covariance structure was fit; which used weights instead of the slopes as observations.  
Statistical model used was: 
 

Yiklmnopr = µ + Ai + Bk + Cl + Dm + En + Fo + Gp + Hr + eiklmnopr
 

where; 
Yiklmnopr = individual slopes calculated from regression of weight on age and individual 
observations for weight. 
Ai = fixed effect due to birth type (single, twin), 
Bk = fixed effect due to age of dam (young, old), 
Cl = fixed effect due to weight class of kid or BMI at weaning (light, heavy or lean, 
fat), 
Dm = fixed effect due to gender of kid (female, male), 
En = fixed effect due to period (before weaning, after weaning), 
Fo = covariate, birth weight, 
Gp =covariate, amount of milk the kids consume in their first control 
Hr = repeated effect of the subject (all animals), 
eiklmnopr = random element assumed to be normally and independently distributed with 
mean of zero and variance σ2

e.  
 

The error term was not assumed to be independently distributed when weights were 
used as the dependent variable; this assumption was made only for the case when 
slopes were used as the dependent variable. A full model and a reduced model were fit 
to analyze the slopes. The full model included effects of the period before weaning and 
the period after weaning. Effects of the variable ‘period’ were excluded in the reduced 
model to investigate overall effects of the other variables on slopes without adjusting 
for the period effect. Hr was in the model only for the repeated analyses and was not 
included for the slopes analyses. Two way and three way interactions were included in 
the model and those non-significant were deleted. 
All analyses using slopes as the dependent variable were carried out using the same 
model while one model included BMI instead of the weight-class. Regression lines 
were fit for each animal using proc REG of SAS V8 and slopes were analyzed using 
proc MIXED in SAS V8 (SAS Institute Inc., 1999). 
Using a second approach, repeated statement in proc MIXED was used to fit a growth 
curve model for heavy and light animals as well as a variance-covariance model to 
account for correlations of all the observations arising from individual kids 
(JENNRICH and SCHLUCHTER, 1986; EVERITT, 1995). Different covariance 
structures (JENNRICH and SCHLUCHTER, 1986; WOLFINGER, 1996) were 
examined to fit the best model. Akaike’s Information Criteria (AKAIKE, 1974) and 
Schwarz’s Bayesian Criteria (SCHWARZ, 1978) associated with the models are given 
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in Table 1. Among those, ante-dependence model had the highest Akaike’s 
Information Criteria and Schwarz’s Bayesian Criteria.  
 
Table 1 
Akaike’s Information Criteria (AIC) and Schwarz’s Bayesian Criteria (SBC) for different covariance structures 
(Akaike’s Informationskriterien und Schwarz’s Bayesian Kriterien für unterschiedliche Kovarianzstrukturen) 

 Fit statistics 
Covariance Structure AIC SBC 
Compound Symmetry  -1763.9 -1765.9 
Heterogenous Compound Symmetry  -1467.4 -1485.0 
Auto Regressive -1321.1 -1323.0 
First-order Heterogenous Auto Regressive -1132.1 -1149.6 
First-order Autoregressive Moving-Average -1314.6 -1317.6 
First-order Ante-dependence -1112.1 -1144.3 
First-order Factor Analytic -1394.5 -1426.7 
First-order Unstructured -1700.0 -1716.6 
Huynh-Feldt -1731.9 -1749.4 
Toeplitz -1308.0 -1324.6 
First-order Heterogenous Toeplitz -1700.0 -1716.6 
Variance Components -1896.9 -1897.9 

 
First-order ante-dependence (KENWARD, 1987; PATEL, 1991; MACCHIAVELLI 
and ARNOLD, 1994) was used to build the covariance structure of the kid blocks in R 
matrix because ante-dependence structure resulted in the highest fit statistics (Table 1). 
Elements (i)jth of the covariance structure are given in equation 1, where σi

2 is the ith 
variance parameter, and Pk is the kth autocorrelation parameter satisfying |Pk| < 1. 

Equation 1: σi σj ∏ −

=

1j

ik
p k

In analyses with the repeated statement, heterogeneity of the slopes was tested by 
including age in the model. In the same model, weight-classes were included to 
request a different intercept for heavy and light animals, and interaction of weight-
class by age was included to make the slopes different over time for heavy and light 
animals. The null model likelihood ratio test (LRT) was performed to decide if the 
ante-dependence matrix would be preferred over the diagonal one of the ordinary 
least-squares null model. 
 
 

Results 
Coefficients of determination in linear and quadratic models for animals grouped for 
their weights are given in Table 2. Overall, quadratic effects were significant while 
adding the quadratic term to the model increased the coefficient of determination for 
one percent, from 0.97 to 0.98. Analysis using the data set composed of heavy animals 
showed the same trend. Quadratic effects were significant while including the 
quadratic effects increased the coefficient of determination for only one percent, from 
0.97 to 0.98. However, in the data set composed of light animals, adding quadratic 
effects resulted in an increase of 3 percent, from 0.95 to 0.98. Mean weight for the kids 
was 10 kg at weaning, and 10-kg animals tended to stay closer to the linear line more 
than heavy and light group of animals (Figure).  
Interclass correlations between the time periods were calculated for heavy and light 
animals. The correlation between slopes before weaning and after weaning was 0.28 (P 
= 0.12) for light animals while that for heavy animals was 0.09 (P = 0.28).  
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Table 2 
Coefficient of Determination in linear and quadratic models for animals grouped for their weight. 
(Determinationskoeffizient bei linearen und quadratischen Modellen für Gewichtsklassengruppen) 
 Effects 
Weight groups Linear Quadratic 

Overall  0.97 0.98 
Light  0.95 0.98 
Heavy  0.97 0.98 
 

 
Fig.: Growth curves of animals, heavy, light or 10 kg at weaning (Wachstumskurven der schweren, leichten und 
der über 10 kg schweren Tiere beim Absetzen) 
 
 
Full model 
Differences between male and female kids were small and non significant before 
weaning (P > 0.55), while larger (P=0.06) after weaning (Table 3). Though the 
differences were non-significant, females had steeper growth curves compared to 
males before weaning while they lost their advantage and had a more gradual growth 
curve after weaning. Differences between the slopes before weaning and after weaning 
were large (P < 0.05) for both males and females. 
 
Table 3 
Least squares means for slopes for heavy and light animals and males and females in different time periods (LS-
Mittelwerte der Regressionskoeffizenten für schwere und leichte bzw. männliche und weibliche Tiere in 
unterschiedlichen Perioden) 
 Slopes 
Time period Light Heavy Female Male SEa

Before weaning 0.14b 0.21d 0.18b 0.17b 0.01 
After weaning 0.10c 0.12c 0.10c 0.12c 0.01 
aPooled standard error based on most conservative number in a row. 
b,c,dRow and Column values with different superscripts differ (P < .05). 
 
Effects of weight groups on growth curves were investigated (Table 3). Slopes before 
weaning and slopes after weaning were calculated for each kid and were compared for 
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different weight classes. Overall, heavy animals had steeper slopes (0.17) than light 
animals (0.11) and the differences were large (P < 0.01). The kids had steeper slopes 
before weaning (0.18) compared to the slopes after weaning (0.11) and the differences 
were large (P < 0.01).  
Heavy kids had steeper growth curves than light kids before weaning (P < 0.01) while 
the differences were lost after weaning (P > 0.05, Table 3). Though heavy kids seem to 
be growing at a higher pace than light kids after weaning (0.12 versus 0.10), 
differences were not significant. Effects of birth weight on the growth curves were 
small (P > 0.10) while effects of dam milk were large (P < 0.05). 
Effects of Body Mass Index (BMI) on slopes were investigated (Table 4). Effects of 
BMI on slopes were large (P < 0.01). As the ratio weaning weight/cidago height2 
increased, the kids grew faster, while higher height2 of kids compared to their weights 
resulted in slower growth curves. Kids in the “fat” group had higher slopes (0.17) than 
the kids in the “lean” group (0.13) and the differences were large (P < 0.01). Fat kids 
had steeper growth curves than lean kids before weaning (P < 0.01). While the 
differences were significant after weaning also (P = 0.04), they became smaller.  
 
Table 4 
Least squares means for slopes for lean and fat animals in different time periods (LS-Mittelwerte der 
Regressionskoeffizenten für magere und fette Tiere in unterschiedlichen Perioden) 
 Slopes 
Time period Lean Fat SEa

Before weaning 0.16b 0.20d 0.01 
After weaning 0.10c 0.13e 0.01 
aPooled standard error based on most conservative number in a row. 
b,c,d,eRow and Column values with different superscripts differ (P < .05). 
 
 

Reduced model 
Effects of the variable ‘period’ were excluded in the reduced model to investigate 
overall effects of the other variables on slopes. In the reduced model where one slope 
was calculated for each animal, differences between heavy and light animals were 
highly significant while all the other effects were nonsignificant. Heavy animals 
tended to grow faster than light animals just as in the full model. However, because no 
adjustments were made for the period effect and because a more general slope was fit 
for the whole growth period, slopes were much more gradual for all animals compared 
to the first period of the full model. For heavy animals, least squares means of the 
slopes was 0.13 versus 0.17 of the full model. For light animals, slopes were 0.10 
versus 0.11 of the full model. 
 
 

Repeated statement analyses 
In addition to the manual slopes analyses that removes G, R and Z matrices from a 
usual repeated model; repeated statement in proc MIXED of SAS V8 (SAS Institute 
Inc. 1999) was used to analyze the repeated weights using ante-dependence covariance 
structure. Akaike’s Information Criteria (AKAIKE, 1974) and Schwarz’s Bayesian 
Criteria (SCHWARZ, 1978) associated with the models showed that first order ante-
dependence covariance structure was the best fit for this data because values of these 
statistics were highest among all the others (Table 1). Because they all had negative 
values, the values closest to zero indicates the best fit. The null model likelihood ratio 
test (LRT) was highly significant for this model (chi-square value of 1634 with 32 
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degrees of freedom), indicating that the ante-dependence covariance matrix is 
preferred over the diagonal one of the ordinary least-squares null model. 
An overall growth curve accounting for possible heterogeneous slopes was tested by 
including age in the model, and it cannot be rejected from these data (P > 0.10). 
Weight classes of the kids were included to test the null hypothesis of a common 
intercept, and this hypothesis was highly significant. Testing slopes in time (age by 
weight class interaction) showed that slopes of heavy and light animals were 
significantly different at the 2% level. 
 
 

Discussion 
Coefficients of determination in linear and quadratic models for animals grouped for 
their weights indicated that light kids deviated more from linearity compared with 
heavy kids. Interclass correlations of slopes before weaning and slopes after weaning 
were greater for light animals and smaller for heavy animals though the correlations 
were non-significant. YAN et al. (1993) reported that weaning after 39 days, as 
opposed to 28 days, significantly reduced the total intake of concentrate in male 
Saanen kids. 
In the full model, females lost their advantage after weaning, which means that male 
kids may be more resistant to the stress of weaning. In contrast, FEHR and 
SAUVANT (1976) reported that females were more resistant to weaning stress. 
Heavy kids had steeper growth curves than light kids before weaning (P < 0.01) while 
the differences were lost after weaning (P > 0.05). The reason differences between 
heavy and light kids were lost after weaning may be because light kids were not 
affected from the weaning shock as much as the heavy kids, which had stuttered 
growth after weaning. The differences between heavy and light kids probably arise due 
to milk of the dams. Kids growing at different paces due to the effects of dam milk 
may form a more homogenous population after weaning due to standard feeding. 
General tendency in the results of the BMI classification were similar to those of the 
weight classification. However, the differences were significant in BMI classification 
after weaning, while they were small enough to be non-significant in weight 
classification. Both models used the same variables and the same methods for 
analyses; the only difference was one of the models used weight classification while 
the other used BMI classification. Heavy animals were not necessarily in the fat 
animal group; some of them were in the lean group due to their “tall” nature (higher 
cidago). RINGDORFER (2001) reported that heavy kids had higher levels of kidney 
fat than light kids and had higher fat content in shoulder and legs. 
When going from full model to the reduced model, slopes of heavy animals decreased 
greatly while those of light animals were not affected as much as the heavy animals. 
Because the full model included time periods (slopes were adjusted for the period 
effect) and the reduced model did not, it can be stated that effects of the time period 
(before weaning and after weaning) adversely affected heavy animals while light 
animals were affected less by the weaning stress. 
Analyses using the ante-dependence covariance structure gave similar results both to 
the reduced model and to the full model. Fit statistics such as AIC and SBC and null 
model likelihood ratio test measured fit of the ante-dependence model versus diagonal 
one of the ordinary least squares when weights were used as the dependent variable. In 
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the reduced and full models, slopes were calculated and analyzed instead of weights. 
The full model included effects of the time period while the reduced model did not.  
Fit statistics showed an advantage of ante-dependence and many other covariance 
structures over variance components method, which assumes constant variances and 
correlations throughout the subjects. However, specifying random model matrices and 
covariance structures in the R matrix did not have an advantage over an approach 
where slopes were manually calculated and analyzed as data using ordinary least 
squares because they both had similar results. Correlations among covariance 
parameters were high in the first weeks while decreasing greatly after the very first 
week, indicating that simple covariance structures may lack the necessary power to 
give correct inferences. However, different approaches that do not use covariance 
structures may still be useful. In this study, rank of the major groups stayed the same 
whether it was slopes analysis or the ante-dependence method. 
 
 

Conclusions 
Heavy or over-conditioned kids (high BMI) were affected more severely from 
weaning stress compared to light or low BMI kids. Overfeeding kids until weaning 
may waste valuable milk in dairy goats. Male kids may be more resistant to the stress 
of weaning. Ten kg live weight at weaning may be reasonable in Saanen kids. There is 
a minimum age/weight level for weaning and the time to wean the animals depends on 
the economics of a particular enterprise (NAGPAL et al., 1995). Using covariance 
structures to analyze repeated data does not seem to be changing ranks of weight or 
gender groups compared to the method where slopes are calculated manually and 
analyzed using a diagonal matrix of the ordinary least-squares null model. 
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