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ABSTRACT

Linear, quadratic and exponential regression equations were used to model the pattern of udder
growth during pregnancy while Wood's, modified Wood's, inverse polynomial regression and polyno-
mial regression equations were adopted during lactation using descriptors such as udder length (UL),
udder width (UW) and udder circumference (UC) in West African Dwarf (WAD), Red Sokoto (RS) and
Sahel breeds of goats in Nigeria. UC and UW were found to be the best descriptors of udder growth
during pregnancy and lactation respectively in the three breeds. The quadratic and polynomial regres-
sion equations best fitted data from the three breeds of goats during pregnancy and lactation respec-
tively. The equations during pregnancy were: UC = 22.0 - 0.0384X + 0.0005X2, Rz = 0.97 (for WAD);
UC = 26.5-0.0402X + 0.0006X2, R2 = 0.96 (for RS); UC = 33.1-0.0286X + 0.0004X2, R2 = 0.98 (for
Sahel), while the equations during lactation were: UW = 1.2 + 9.5X — 0.2X2 — 3.5logX — 11.6 (logX)?,
R2=0.90 (for WAD); UW = 4.2 + 7.6X — 0.2X2 — 4.4logX - 8.6(logX)?, R? = 0.97 (for RS) and UW = 4.6
+8.5X - 0.2X2 - 5.0logX - 9.2(logX)2, R2 = 0.95 (for Sahel). During pregnancy, data from Red Sokoto
does were best fitted by the linear, quadratic and exponential equations (Rz = 0.82), the R2 value be-
ing 1% higher than that of WAD and Sahel does. During lactation, data from Sahel does were best
fitted by the Wood's, modified Wood's, inverse polynomial regression and polynomial regression equa-
tions (R2 = 0.92) with 13% and 1% higher R? values than WAD and RS respectively. In essence, UC
and UW could preferably describe the pattern of udder growth during pregnancy and lactation respec-
tively, while quadratic and polynomial regression equations could be used preferably to model the
pattern of udder growth during pregnancy and lactation respectively.
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INTRODUCTION
Udder growth is a complex process, which
is characterized by mammary cell hyper-
plasia during gestation and early lactation;
cell hypertrophy during late lactation and
cell death during declining lactation
(Knight and Wilde, 1993). Udder growth,
which results from increase in udder di-

mensions in goats, has been described by
several indices (Anderson, 1974). Most
researchers adjudged deoxyribonucleic acid
(DNA) to be the best parameter for assess-
ing udder growth, though other measure-
ments including untrimmed and trimmed
wet weights of udder, dried fat-free tissue
weights, ribonucleic acid contents by

ISSN 1595—9694 © UNAAB 2003

169



1. 3. JAMES, '0. A. OSINOWO, M. O. OZOJE AND %0. A. FANIMO

Anderson et al. (1981) and udder dimen-
sions by James and Osinowo (2004a) have
been determined. Early studies on the pat-
tern of udder growth in goats relied
greatly on empirical approach involving
multiple comparisons of means rather than
using regression models that contain lin-
ear, quadratic, cubic, exponential and
logarithm terms (Anderson and Wahab,
1990). However, in recent times, attention
has shifted to the use of regression analy-
ses, which give better physiological mean-
ing to, and interpretation of parameters
generated. In this study, udder dimensions
consisting of udder length (UL), udder
width (UW) and udder circumference
(UC) were assessed as descriptors of the
pattern of udder growth in goats, involv-
ing testing of linear, quadratic and expo-
nential regression equations (during preg-
nancy) and Wood’s, modified Wood’s, in-
verse polynomial and polynomial regres-
sion equations (during lactation). The ob-
jective of this research was to determine
the udder measurement which best de-
scribes the pattern of udder growth, the
regression equation which best fits the
data and the breed of goat whose data is
best fitted by the equations during preg-
nancy and lactation.

MATERIALS AND METHODS
Location of study, animal management
and experimental procedure
The study was carried out at the goat unit

of the livestock farms of the University of
Agriculture, Abeokuta, Southwestern Nige-
ria. The climate is humid with a mean an-
nual rainfall of 1037 mm. The annual mean
temperature and humidity were 34.7°C and
82%, respectively. Sixteen does comprising
ten West African Dwarf (WAD), three Red
Sokoto (RS) and three Sahel goats weigh-
ing 13.4 — 24.1 kg were used for the study.
They were managed semi-intensively. The
udder dimensions; udder length (UL), ud-
der width (UW) and udder circumference
(UC) were measured with a flexible canvas
tape-rule as described by James and Osi-
nowo (2004b) prior to conception (3
months) and during pregnancy. During lac-
tation udder dimensions were measured
weekly for 12 weeks commencing from 4
days post partum before suckling by kids.
The frequency of data collection was
monthly prior to conception and during
pregnancy.

Data analysis

The monthly data generated prior to con-
ception and during pregnancy were plotted
in a graph and values read-off for day of
conception (day 0), 50, 100 and 150 days
of gestation. A gestation length of 150 days
was assumed, enabling the retroactive de-
termination of conception day given the
day of parturition. In order to obtain the
least squares means, the data was analysed
by methods of least-squares (SYSTAT,
1992) using the model:

Yijk = m+ B; + Dj + B*Dij + &jjk
where,
Yiik = The value of udder growth descriptor
m = The overall mean of udder growth descriptor
Bi = The fixed effect of i breed (i = 1-3)
D; = The fixed effect of j'" day of gestation; week of lactation (j = 1-4; 1-12)
B*Dj = The interaction between breed and day of gestation; week of lactation
Eijk = Random error associated with each record
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Modeling the pattern of udder growth
The UL, UW, and UC were modeled using
regression equations thus enabling de-
scription of the pattern of udder growth of
Nigerian breeds of goats during pregnancy
and lactation. The regression equations are
presented in Table 1. The regression
analyses were carried out by imputation of
the regression equations into linear and
non-linear regression modules of SYSTAT
(1992) for the generation of parameters
needed for evaluating their fitness on the
data. The module was set at 100 iterations
and simplex method was adopted which
calculated the loss function at different
points until the minimum is reached be-
fore generating the parameters.

RESULTS AND DISCUSSION
Linear, quadratic and exponential equa-
tions modeling the pattern of udder
growth of WAD, RS and Sahel goats dur-
ing pregnancy are presented in Table 2.
Generally udder circumference (UC)
proved to be the best descriptor of udder
growth during pregnancy and this was evi-
denced by its higher R? values (Table 2).
This is so because the general increase in
UC is as a result of increase in UW and
also since both udder dimensions were
positively correlated (James, 2000). Table
2 shows that the quadratic equations best
fitted data from all udder growth descrip-
tors measured in the three Nigerian goat
breeds during pregnancy. This shows that
the pattern of udder growth during preg-
nancy is non-linear. This is because
growth rates of udder during pregnancy
differ significantly with stage of gestation.
Slight and exponential increases in udder
dimensions during the first and last tri-
mesters of pregnancy have been reported
by James and Osinowo (2004a). Hurley

(2006) reported that the rate of mammary
growth during peripartum was higher than
the rate during early and mid pregnancy.
He attributed it to extensive lobuloalveolar
development leading to rapid increase in
the size of udder. Table 3 shows that the
polynomial regression equations best fitted
data from all udder growth descriptors
measured in the three Nigerian goat breeds
during lactation as observed during preg-
nancy. This shows that the pattern of udder
growth is non-linear during lactation as
well. This is because growth rates of udder
during lactation differ significantly with
stage of lactation. James (2000) reported
positive increases in udder dimensions
(positive growth) and decreases in udder
dimensions (negative growth) during early
and mid-late stage of lactation, respec-
tively. Similar trend was observed during
lactation by Knight and Peaker (1984). The
observation could be attributed to continual
increase in secretory cell number and activ-
ity in early lactation resulting to increased
mass of mammary tissue for lactogenesis
and galactopoiesis and winding down of
activity resulting from reduced number of
mammary cells in mid and late lactation
(Hurley, 2006). The superiority of both non
-linear equations to linear equation used in
this study is expected because most data on
growth in animal sciences follow allometry
pattern of growth which is non-linear. The
observation that the quadratic and polyno-
mial regression equations best fitted data
from all udder growth descriptors meas-
ured in the three breeds during pregnancy
and lactation, respectively, differs from the
reports of Anderson et al. (1981) in goats
during pregnancy. The disparity could be
as a result of different breeds of goats used
in the studies, with different mammary
growth rates. While in this study, tropical
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non-dairy goats were used, Anderson et
al. (1981) made use of major temperate
dairy breeds. The nature and type of udder
growth descriptor used could also be im-
plicated on this. In this study, measure-
ment of udder dimensions (udder growth
descriptors) were employed whereas
trimmed wet weight of udder, dried fat-
free tissue weight of udder, total DNA and
RNA content of udder were used by the
latter authors. It is expected that there will
be some variations in the result generated
since growth rates of different cells; tis-
sues and organs differ (Anderson et al.,
1981; Dijkstra et al., 1997). The observa-
tion corroborates the findings of James
and Osinowo (2004b) who selected UC as
the best measure of udder size during
pregnancy in goats. Although, UW was
superior to UC in describing the pattern of
udder growth in the three breeds of goats
during lactation (Table 3), they do not dif-
fer significantly (P>0.05) from each other,
and more so, both parameters exhibited
high positive correlation (James, 2000).
The pattern of udder growth during preg-
nancy and lactation was better described
in RS goats using linear, quadratic and
exponential regression equations but dur-
ing lactation, it was best described by Sa-

hel goats using Wood’s, modified Wood’s,
inverse polynomial regression and polyno-
mial regression equations (Tables 2 and 3;
Figure 1-6). This is expected since differ-
ent goat breeds exhibit different udder
growth rates (Anderson et al.,, 1981,
Dijkstra et al., 1997) and different rates of
increase in udder dimensions (Amao, 1999;
James, 2000; James and Osinowo, 2004a).

CONCLUSION
The parameters, UC and UW were the best
descriptors of the pattern of udder growth
in WAD, RS and Sahel goats during preg-
nancy and lactation, respectively.

The quadratic and polynomial regression
equations best fitted data from the three
breeds of goats during pregnancy and lacta-
tion, respectively.

The pattern of udder growth during preg-
nancy was better described in RS goats but
during lactation, it was best described in
Sahel goats using quadratic and polynomial
regression equations, respectively, consid-
ering the pattern of growth in animal
growth studies.
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Fig. 1. Observed and predicted values of udder growth
descriptor (udder circumference) in West African Dwarf goats during pregnancy.
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Fig. 2. Observed and predicted values of udder growth
descriptor (udder circumference) in Red Sokoto goats during pregnancy.
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Fig. 3. Observed and predicted values of udder growth
descriptor (udder circumference) in Sahel goats during pregnancy.
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Fig. 4. Observed and predicted values of udder growth
descriptor (udder width) in West African Dwarf goats during lactation.
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Fig. 5. Observed and predicted values of udder growth
descriptor (udder width) in Red Sokoto goats during lactation.

Udder width, cm
©
|

1 2 3 4 5 6 7 8 9 10 11 12

Weeks of lactation

‘ —a— OBSERVED —s— PREDICTED

Fig. 6. Observed and predicted values of udder growth
descriptor (udder width) in Sahel goats during lactation.
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