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ABSTRACT

A study was conducted to determine the effects of bovine somatotropin (bST) on changes in udder
dimensions (UD) including udder length (UL), udder width (UW), udder circumference (UC) and dis-
tance between teats (DT) after cessation of milking in twelve West African Dwarf (WAD) goats, which
were divided equally into four treatment groups, each comprising three does. The first group (control,
To) received no bST while the other groups received bST (T, 20 mg; T2, 40 mg; Ts, 60 mg) injected at
2-week intervals commencing from the 5t week postpartum for 8 weeks. Does were milked twice daily
(7:30 am and 7:30 pm). Twenty four hours after the twelfth week, measurement of UD commenced for
35 days. The results revealed that UL, UW, UC and DT were significantly (p<0.05) influenced by bST
dose, day after cessation of milking and parity and the UD increased with increased doses of bST.
There was maximal distension of udder by day 3 to 5 in treated goats than in the control which was on
day 2 before declining progressively up to 35t day after cessation of milking. This showed a greater
capacity to retain secretions as explained by the larger udder size. Therefore, the administration of
bST to WAD goats during lactation extended its effects on mammary glands after cessation of milking
and slowed down the rate of udder regression, thus, enabling the potential of bST treated goats for
greater milk synthesis in the next lactation cycle.
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INTRODUCTION

The pattern of changes in the mammary
glandular tissue during lactation has been
described as the extensive proliferation of
milk secreting cells which occurs in early
lactation, followed by a progressive increase
up to peak of lactation and subsequent de-
cline and death by apoptosis upon cessation
of involution (Knight and Wilde, 1993;
Dijkstra et al., 1997). The changes have been

attributed primarily to hormonal stimulation
during pregnancy that continues in early lac-
tation. Such comprise a complex of mam-
mogenic hormones including prolactin,
growth hormone, oestrogen, progesterone
and relaxin (Bearden and Fuquay, 1980).
Their quantitative relationship to mammary
growth has been demonstrated in goats
(Hayden et al., 1979). The administration of
exogenous growth hormone has been shown
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to alter these changes that occur in the
mammary gland to favour milk yield. Soma-
totropin, also known as growth hormone, is
a protein hormone of about 190 amino ac-
ids that is synthesized and secreted by cells
called somatotrophs in the anterior pituitary
(Hafez et al., 2000). It controls several com-
plex physiological processes, including
mammary growth, metabolism and lacto-
genesis. Mammogenic effect of bST is well
documented in lactating cows and non-
lactating cows (Hurley, 2006b) and dairy
goats (Knight and Wilde, 1993). Treatment
of goats with bovine somatotropin during
lactation increased mammary gland weight
and total DNA with significant increase in
number of lactating alveoli and decrease in
number of regressing alveoli, thereby delay-
ing mammary involution and improving
lactation persistency by slowing down post
peak rate of decline (Gallo et al., 1997). The
effect on mammary tissue results to dy-
namic changes in udder dimensions which
James (2000) and James and Osinowo
(2004) reported to be positively correlated
with milk yield and thus, crucial determi-
nants of milk yield. Changes in udder bio-
metrics have been investigated by many re-
searchers in relation to milk yield and com-
position (RAnningen et al., 1990; Prajapati
et al., 1995) and milking characteristics
(James et al., 2006; Bemiji et al., 2008). How-
ever, in his findings on West African Dwarf
goats, James (2009) reported that udder
length, udder width, udder circumference
and distance between teats increased corre-
spondingly with increased doses of bST
even after cessation of milking, though not
consistent. He also observed that it in-
creased the time of maximum udder disten-
sion which has been reported (Fleet and
Peaker, 1978) to favour milk production in
the next lactation because of the increased
udder capacity for milk synthesis and reten-

tion. The pattern of udder changes after ces-
sation of milking has been studied quantita-
tively using parameters such as RNA and
DNA contents (Stefanon et al., 2002). How-
ever, in the present study, the udder dimen-
sions studied were udder length, udder
width, udder circumference and distance be-
tween teats. Since the visible and measurable
size of the udder after cessation of milking
largely reflect milk secretion capacity in the
next lactation cycle (Gulay et al., 2004), there-
fore, there is the need to study the effects of
bST on changes in udder dimensions after
cessation of milking in West African Dwarf
goats.

MATERIALS AND METHODS

Description of the experimental site

The experiment was conducted at the goat
unit of the College of Animal Science and
Livestock Production Teaching and Re-
search Farm, University of Agriculture,
Abeokuta. It falls within the Rain Forest
Vegetation zone of South-Western Nigeria at
latitude 7013" 49.46"N, longitude 3026'
11.98"E (Google Earth, 2006) and altitude of
76 meters above sea level. The climate is hu-
mid with a mean annual rainfall of 1037 mm.
The annual mean temperature and humidity
are 34.70C and 82%, respectively.

Experimental animals and their manage-
ment

Twelve lactating West African Dwarf goats
of 1st and 2nd parities with ages between 1.5
and 3 years and whose weights ranged from
11-16 kg were used for the study. The goats
were housed in cross-ventilated pens with
slated floors and water given ad libitum. The
goats were under intensive management sys-
tem with zero grazing. Panicum maximum
grass and concentrate feed supplement, con-
sisting of about 17 and 5% crude protein
were fed to the goats at about 0.3-0.5 kg/
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head/day and 1.0 kg/head/day, respec-
tively. The proximate composition of the
grass consists of 5.37, 33.35, 66.31, 42.79
and 19.71 % of crude protein, crude fibre,
neutral detergent fibre and acid detergent
fibre, respectively.

Experimental procedure

The does were divided equally into four
treatment groups, each group comprising
three does with live-weight equalization
among treatment groups. The first group,
which was the control (To) received no bo-
vine somatotropin (bST) injection while the
remaining three groups received bST injec-
tions at different doses: 20 mg (T1), 40 mg
(T2) and 60 mg (Ts). The doses of bST were
selected based on the preliminary results
obtained by Rekwot (personal communica-
tion) on the study on milk yield and compo-
sition of Red Sokoto goats treated with bo-
vine somatotropin in National Animal Pro-
duction Research Institute (NAPRI), Nige-
ria and the study on the effect of recombi-
nant bovine somatotropin (bST) administra-
tion on milk production, composition and
some haemato-biochemical parameters of
lactating goats in Egypt, by Sallam et al.
(2005) also provided basis for the selection
of the doses. The bST, Lactotropina MR,
division Sanidad Animal, Eli Lilly CO.,
Mexico is in a sustained-release formulation
for 14 days interval. The injections of bST
were done at the left and right scapular re-
gions alternately every 14 days commencing
from 5t to 11th week of lactation with a to-
tal of 4 injections per doe.

Data collection
The does were milked twice daily at 7:30
a.m. and 7:30 p.m. for 56 days commencing

from 5th to 12th week of lactation. Twenty-
four hours after the last milking on the 12t
week of lactation, udder dimensions (cm)
including udder length (UL), udder width
(UW), udder circumference (UC) and dis-
tance between teats (DT) were measured
daily from the does as described by Amao
(1999) for 35 days in order to determine the
pattern of changes in udder after cessation of
milking in goats treated with bST and the
control.

Statistical analysis

Data generated on UL, UW, UC and DT
measured after cessation of milking was ana-
lyzed by Systat Analytical Computer Package
(SYSTAT, 1992). The statistical model used
Was:

Yijki =u + Aj+ Bj+ Cc + A*Bjj + A*Ci«
+ sjji

Yiw = Trait of interest

Ai = Fixed effect of ith bST dose (i =0,
20, 40 & 60 mg)

B = Fixed effect of jth day after cessa
tion of milking (j = day 1- day 35)

Ck =Fixed effect of kth parity (k = 1st &
2nd)

A*Bj = The interaction between ith bST
dose and jth day after cessation of
milking

A*Ci = The interaction between ith bST
dose and kth parity of does

gijkl = Random error associated with each
record.

Tukey’s Honest Significant Difference

(HSD) was used to separate means where
significant differences exist (SYSTAT, 1992).
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Table 1. Group size, body weight, udder length, udder width, udder circumference,
distance between teats prior to cessation of milking in West African Dwarf

goats during lactation

Treatment group

Traits bST dose

0 mg(To) 20mg(T1) 40 mg(Ty) 60 mg(Ts)
No. of goats 3 3 3 3
Body weight, kg 15.27 15.05 15.10 15.03
Udder length, cm 9.61 9.97 9.93 10.22
Udder width,1 cm 7.62 7.87 7.91 8.21
Udder circumference,icm 24.60 26.48 24.50 26.39
Distance between teats,icm 8.29 8.17 8.66 7.68
Milk yield, ml per day! 149.26 148.90 149.01 150.10
Days in milkt 85 84 85 84

1Means of treatment groups did not differ significantly (p>0.05)

RESULTS AND DISCUSSION
The twelve slaughtered goats had similar
body weights and udder dimensions, stages
of lactation and milk yield at the beginning
of the experiment (Table 1).

Changes in udder dimensions including UL,
UW, UC and DT were significantly
(p<0.05) affected by bST dose, day after
cessation of milking and parity. Udder di-
mensions of the does increased correspond-
ingly with increased levels of bST doses,
though not consistently.  Invariably, it
shows that the effects of bST on the treated
does extended to period after cessation of
milking. Thus, the higher mammary tissue
that was laid down during lactation when
the alveoli cells were still more active by
does treated with bST, still maintained its
superiority during mammary regression.
This in essence, enhances its milk secretion
capacity in the next lactation cycle. The
mean UL was 7.22, 9.68, 9.40 and 10.24 cm;
the mean UW was 6.15, 6.70, 7.45 and 6.51

cm; the mean UC was 19.11, 23.73, 22.05
and 22.17cm and the mean UW was 6.84,
7.82, 7.95 and 6.86 cm for Ty, Tq, T2 and Ts
respectively (Figure 1,a,b,c,d). Second parity
does had larger udder dimensions than the
first parity does with mean values of 9.35
and 8.95 cm, 6.82 and 6.58 cm, 22.81 and
20.73 cm and 7.74 and 6.70 for UL, UW, UC
and DT respectively. This finding corrobo-
rates the finding of Akpa et al. (1998) and
Amao (1999) and it could be attributed to
further growth and development of mam-
mary gland whose increase in mass is posi-
tively correlated with increase in lactation
number and cycles (Knight and Wilde, 1993).
In To, UL increased from 9.61 cm on the 1st
day after cessation of milking to 10.04 cm on
the 2nd day after cessation of milking and
subsequently decreased to 5.44 cm on the
35th day after cessation of milking. In T4, UL
increased from 9.97 cm on the 1st day after
cessation of milking to 10.90 cm on the 5t
day after cessation of milking and subse-
quently decreased to 8.64 cm on the 35th day
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after cessation of milking. In T, UL in-
creased from 9.93 cm on the 1st day after
cessation of milking to 11.73 on the 4th day
after cessation of milking and subsequently
decreased to 8.20 cm on the 35t day after
cessation of milking. In Ts, UL increased
from 11.22 cm on the 1st day after cessation
of milking to 11.62 cm on the 4th day after
cessation of milking and subsequently de-
creased to 9.52 cm on the 35t day after ces-
sation of milking. In To, UW increased from
7.62 cm on the 1st day after cessation of
milking to 7.85 cm on the 2nd day after ces-
sation of milking and subsequently de-
creased to 4.75 cm on the 35t day after ces-
sation of milking. In T1, UW increased from
7.87 cm on the 1st day after cessation of
milking to 8.54 cm on the 5t day after ces-
sation of milking and subsequently de-
creased to 5.87 cm on the 35t day after ces-
sation of milking. In T2, UW increased from
7.91 cm on the 1st day after cessation of
milking to 9.59 cm on the 5t day after ces-
sation of milking and subsequently de-
creased to 5.52 cm on the 35t day after ces-
sation of milking. In T3, UW increased from
8.21 cm on the 1st day after cessation of
milking to 8.31 cm on the 4th day after ces-
sation of milking and subsequently de-
creased to 5.51 cm on the 35t day after ces-
sation of milking. In To, UC increased from
24.60 cm on the 1st day after cessation of
milking to 25.44 cm on the 2nd day after
cessation of milking and subsequently de-
creased to 15.64 cm on the 35t day after
cessation of milking. In Ty, UC increased
from 26.48 cm on the 1st day after cessation
of milking to 29.34 cm on the 5t day after
cessation of milking and subsequently de-
creased to 20.14 cm on the 35t day after
cessation of milking. In T,, UC increased
from 24.50 cm on the 1st day after cessation
of milking to 29.20 on the 3rd day after ces-
sation of milking and subsequently de-

creased to 17.40 cm on the 35t day after ces-
sation of milking. In T3, UC increased from
26.39 cm on the 1st day after cessation of
milking to 27.56 cm on the 4th day after ces-
sation of milking and subsequently decreased
to 17.59 cm on the 35t day after cessation of
milking. In To, DT increased from 8.29 cm
on the 1st day after cessation of milking to
843 cm on the 2nd day after cessation of
milking and subsequently decreased to 5.56
cm on the 35th day after cessation of milking.
In Ty, DT increased from 8.17 cm on the 1st
day after cessation of milking to 8.90 cm on
the 5t day after cessation of milking and
subsequently decreased to 7.20 cm on the
35th day after cessation of milking. In T, DT
increased from 8.66 cm on the 1st day after
cessation of milking to 9.59 on the 4th day
after cessation of milking and subsequently
decreased to 6.66 cm on the 35t day after
cessation of milking.

In T3, DT increased from 7.68 cm on the 1st
day after cessation of milking to 7.91 cm on
the 4t day after cessation of milking and
subsequently decreased to 5.71 cm on the
35th day after cessation of milking (Figure 1).
The observation that udder dimensions in-
creased from 1st day of udder regression,
peaked on the 2nd and 5t day after cessation
of milking during udder regression in both
bST treated goats and the control, and then
after decreased progressively up to 35t day
of udder regression in WAD does is a nor-
mal physiological process that occurs in lac-
tating animals after cessation of milking. No-
ble and Hurley (1999) reported that, follow-
ing cessation of milk removal in goats, the
mammary gland reaches maximal distension,
and secretion rate is reduced dramatically by
day 3 of milk stasis. The reduction has been
implicated on combined local inhibitory fac-
tors (LIF) and actions of intramammary
pressure as opposed to hormonal factors
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associated with milking (Henderson and
Peaker, 1987).

After day 3 of milk stasis, milk specific
components of the secretions decreased
while levels of blood-derived components
and de novo synthesis of lactoferrin increased
(Hurley et al., 2006b). Consequently, luminal
alveolar area reduces as secretions are ab-
sorbed and stromal area increases within the
first week following milk stasis (Holst et al.,
1987). By day 28, the collapsed alveolar
structures remaining were considerably
smaller than during lactation, with a very
small lumen. The maximal distension of
udder by day 3 to 5 observed in Ty, T, and
T vis-a-vis the control (To) before declining
progressively up to 35t day after cessation
of milking during udder regression, showed
a greater capacity to retain secretions as ex-
plained by the larger udder size. Fleet and
Peaker (1978) suggested that this could fa-
vour milk production in the next lactation.
In essence, rate of udder regression ap-
peared to be slower in goats injected with
bST than in the control but modeling the
pattern of changes in udder dimensions
through regression equations might be nec-
essary to validate the statement.

CONCLUSION

The administration of bovine somatotropin
(bST) (LactotropinaMR) in a slow-release
formulation to lactating West African
Dwarf (WAD) goats during three consecu-
tive cycles of 14 days each (after peak of
lactation) extended its effects on changes in
udder dimensions after cessation of milking,
increased the dimensions of the udder and
the time of udder distension thus enabling
the potential of bST treated goats for
greater milk synthesis in the next lactation
cycle.
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