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Abstract: Twenty-eight growing Granadina goat bucks, divided into 4 groups of 7, in a 2 × 2 factorial arranged design,
were used to study the effect of post-weaning levels of dietary energy and administration of recombinant bovine
somatotropin (rbST) on growth and semen characteristics. Every 14 days, bucks were offered sustenance at rates of
either 1.0 (standard diet, 2.36 Mcal EM kg-1; 15% CP) or 1.25 (increased diet, 2.95 Mcal EM kg-1; 18% CP) times the
requirements for growth energy and protein, for a total of 99 days and in combination with or without subcutaneous
administration of 125 mg rbST. The average daily gains (ADG) were greater (P < 0.01) in bucks fed the high energy diet
(133 ± 25 vs. 111 ± 23 g day-1) and the ADG were greater (P < 0.05) in the bucks treated with rbST than in the untreated
bucks (130 ± 28 vs. 114 ± 23 g day-1). The percentage of live sperm cells was not different between bucks fed increased
diet of NRC recommendations and bucks fed standard diet. Similarly, the sperm output of bucks on the increased diet
did not differ from that of bucks on the standard diet (2282 ± 1137 vs. 1946 ± 529 × 106/mL). Semen volume (0.51 ± 0.29
vs. 0.55 ± 0.28 mL), sperm concentration (2210 ± 1139 vs. 2055 ± 656 × 106/mL), total sperm cells (1233 ± 962 vs. 1014
± 572 ×x 106), and motile sperm cells (67.1 ± 14.5 vs. 60.9 ± 19.3) were not affected by rbST. No significant differences
due to dietary and hormonal treatments were observed in scrotal circumference. Dietary and hormonal treatments had
no effect on either serum concentration of particular metabolites, except cholesterol. Results from this study indicate
that both high energy diets and chronic application of rbST enhanced the growth performance of young Granadina
goat bucks; nevertheless, none of these effects altered the final scrotal circumference, particular blood metabolites, and
sperm output.
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Introduction
The importance of using only highly fertile bucks in
breeding programs is often neglected, especially in
goat operations under extensive conditions, in arid
zones of the world. In northern Mexico, most range
flocks average 3-4 males per 100 does; however,
because of the high serving capacity of bucks (1) fewer
bucks may be employed. However, as no breeding
soundness tests are applied to bucks before breeding,
this high proportion of goat bucks compensates for
subfertile or underfed bucks and usually, satisfactory
pregnancy rates are achieved, even under extremely
dry conditions (2). Goat producers will be rewarded
for applying a few simple techniques to improve the
breeding ability of their bucks, such as an adequate
nutrition, because the interrelationship between
energy intake and reproductive performance in adult
goat bucks has been demonstrated (3). Supplementary
feeding to goat bucks increases sperm quantity
and quality as compared with unsuplemented
animals (4,5). On the other hand, administration of
exogenous somatotropin is one biotechnology that
increases meat output per unit of feed resource input
in ruminants (6). Additionally, growth hormone
(GH) has a role on the regulation of testicular
function in some species (stallion: 7, rats: 8, bulls:
9, and humans: 10). There is substantial evidence
that GH, besides its effects on somatic growth and
differentiation, modulates gonadal steroid synthesis
and gametogenesis (11).
It is unknown if the effects of GH on nutrient
partitioning are testis function-specific in goats.
Moreover, body composition, which affects potential
nutrient partitioning properties of rbST, varies
among animal types. Therefore, the primary goal of
the current experiment was to test the hypothesis that
rbST and dietary energy level would increase semen
quality in young Granadina goat bucks during the
breeding season; live weight and blood metabolite
responsiveness to somatotropin and dietary energy
level were also studied as a secondary goal.
Materials and methods
Animals and experimental procedure
This study was carried out over a period of 99 days,
at the University Autonoma Agraria Antonio Narro,

Saltillo, Mexico (25°22ʹN, 101°00ʹW; mean annual
temperature 19.8 °C). A total of 28 Granadina goat
bucks, initially averaging 14 ± 3.7 kg body weight
(BW) and 2.9 ± 0.3 body condition score (5-point
scale), were randomly allotted at weaning (12 week
of age), to 4 experimental diets. Prior to weaning, the
goat bucks were raised with their dams under pen
conditions. The Granadina goat bucks used in the
present study were much smaller than those raised
in Spain, because for centuries, no selection effort
for milk or meat production has been carried out in
these goats, exploited under extensive conditions in
harsh arid environments of Mexico.
The goat bucks were housed in outdoor pens with
cement floors, in groups of 7 per pen, under ambient
temperature and lighting. Prior to the initiation of
experimental treatments, the growing goat bucks
were ear tagged, treated for internal and external
parasites (Ivomec, Merck, Rahway, NJ, USA), and
vaccinated for protection against various clostridia
(Bar-Vac CD/T®, Ignatius, MT, USA). The goats were
weighed biweekly, without withdrawal of feed or
water. Both initial and final weights were determined
using the average of weights taken on 2 consecutive
days. At the end of the feeding period, scrotal
circumference was recorded by massaging the testes
into the scrotum and using a flexible measuring tape
to measure the circumference at the largest part of
the scrotum. Moreover, during the last weighing,
wither height was measured at the highest point on
the buck’s shoulder, immediately above the front legs
with a graduated measuring stick.
The experiment was conducted from May to
August (breeding season for this breed of goats in
northern Mexico; 12) and consisted of a 10-day
pretreatment period and 99 days of rbST treatment.
Twice a day, the goats were given ad libitum access
to diets prepared as a total mixed ration of either
1.0 (standard diet) or 1.25 (increased diet) times the
maximum growth energy and protein requirements
(13). Water and a free-choice mineral mix were
available at all times. Troughs were cleaned out before
feeding and refusals (around 20% of the feed offered)
were discarded.
Bucks received rbST (Lactotropina®, Greenfield,
IN, USA; 125 mg, s.c.) at the beginning of the
experiment and every 14 days thereafter, until the end
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of the experiment. The dosage of rbST administered
was based on the amount given to commercial dairy
cattle (1/4 of that administered to lactating dairy
cows).
The experiment was a 2 × 2 factorial and was
conducted as a randomized complete block design
with 7 replicates. Semen was collected for the first
time when all of the bucks were sexually active
(average weight 26.3 ± 4.7 kg). After 5 days of sexual
rest, the average of semen variables of 2 ejaculates
collected at a 4-day interval were used for statistical
analysis.
Blood and semen sampling
Latex condoms for men, previously washed to
eliminate the lubricant, were used to collect the
semen. Condoms were inserted into the vagina of 3
adult does in estrus, and the open part of the condom
was attached to the vulva with 3M Transpore Surgical
Tape 1” (St. Paul, MN, USA). The caudal part of the
condoms was lubricated with a K-Y® gel (Johnson
& Johnson, Mexico) prior to copulation. Bucks
were joined with unrestrained does in a pen until
they ejaculated into the condom. Immediately after
collection, the semen was transferred to a graduate
vial for volume determination to the nearest 0.1 mL.
Sperm concentration was determined using 0.025
mL of semen diluted with 0.5 mL of a fixative solution,
containing 7% formaldehyde and 0.85% NaCl mixed
in a 1:1 (vol/vol) ratio. The diluted semen was placed
on a hemocytometer with the sperm counted in 5
squares of each of 2 chambers, and the concentration
of sperm cells was calculated.
Because sperm cell viability was adversely
affected by the condom material, an additional
semen collection was made the next day by means of
electrical stimulation, to determine sperm motility,
percentage of live spermatozoa, and normal sperm
cells. These ejaculates were immersed in a warm
water bath at 37 °C until quality assessment. In order
to evaluate forward progressive motility, semen
samples were diluted in a sodium citrate solution,
pH 6.7 to 6.9, transferred to a warmed slide (37 °C)
within 3 min after collection, and observed under a
phase-contrast microscope at 250×.
The total number of sperm was determined by
multiplying sperm concentration by the volume of
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the ejaculate. Live sperm were evaluated by eosin/
nigrosin stain exclusion. Briefly, a drop of stain was
mixed with a drop of pure semen and extended on
the slide. Two hundred spermatozoa were counted,
and the unstained spermatozoa were determined as
viable cells. In addition, the number of tailless sperm,
those with coiled, bent, or shoehook tails, and those
with cytoplasmic droplets were determined and the
percentage of abnormal sperm was calculated in
relation to the total sperm cells counted.
On the last day of the feeding trial (day 99), blood
samples were obtained before the morning meal by
jugular venipuncture into tubes without sodium
heparin. The tubes were chilled immediately in an ice
bath, transported to the laboratory, and centrifuged
at 1500 × g and 4 °C for 20 min. Blood serums were
separated and stored in 2 mL vials at –20 °C until
analyses.
Serum metabolites were determined using
spectrophotometric methods (Coleman Junior II).
Serum total protein concentration was determined
with a kit based on the bicinchoninic acid reagent,
with bovine serum albumin as a protein standard
(Pierce Chemical, Rockford, IL, USA). Glucose was
assayed with kit 115-A, based on glucose oxidase,
and urea was quantified using kit 640-A, based on
urease (Sigma-Aldrich Co., St. Louis, MO, USA).
Table 1. Percentage composition (DM) of the experimental diets.
1.0a

1.25

Sorghum hay
Sorghum grain
Cotton seed meal
Wheat bran
Soybean meal
Molasses
Animal fat
Calcium carbonate
Phosphate dibasic
Trace minerals
Common salt

52.0
16.0
15.0
-----10.0
5.0
-----0.95
0.5
0.05
0.5

36.0
24.0
-----2.0
32.0
-----5.0
0.45
-----0.05
0.5

Nutrient content
Crude protein (%)
ME (Mcal kg-1)

15.0
2.36

18.75
2.95

Ingredients

a

Rates of 1.0 (standard diet) and 1.25 (increased diet) times the
growth energy and protein requirements.
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Creatinine was measured in serum using the
QuantiChromTM Creatinine Assay Kit (DICT-500;
BioAssay Systems, Hayward, CA, USA). Serum
cholesterol was determined using the EnzyChromTM
cholesterol assay kit (ECCH-100; BioAssay Systems;
Hayward, CA, USA). Serum microminerals (Mg,
Cu, and Zn) were determined by atomic absorption
spectrophotometry (Perkin Elmer Instruments
model 2380). Serum phosphorus was determined by
a calorimetric method (14).
Statistical analysis
Data were initially analyzed as a 2 × 2 factorial
arrangement of treatments and a completely
randomized design using the GLM procedure of SAS
(SAS Inst. Inc., Cary, NC, USA). Motility of buck
sperm, as well as percentage of live and normal sperm
cells was subjected to arcsine transformation before
analysis of variance to ensure normal distribution
of the results obtained in percentages. Goat buck
was used as the experimental unit; the model
included energy level (rates of 1.0 and 1.25 nutrient
requirement) and level of rbST (0 and 125 mg) and
their interaction.
For all of the parameters analyzed, the interaction
diet by level of rbST was nonsignificant (P > 0.15)

and thus was dropped from the model, and data were
pooled across energy level and rbST.
Results
Because there was no interaction between diet and
rbST (P > 0.15), only the main effects of diet and
rbST administration on growth are presented in
Table 2. Administration of 125 mg rbST for 14 weeks
increased the growth rate of young goat bucks by
14% (P < 0.05).
Dietary nutrients or rbST had no effect on height
at withers (Table 2). Chronic administration of rbST
did not affect the serum glucose concentration (Table
3). On the other hand, concentrations of serum
cholesterol were influenced (P < 0.01) by dietary
energy, but not by administration of rbST. Levels of
serum urea were similar among treatments (Table 3).
Serum Ca, P, Mg, Cu, and Zn concentrations were
not affected by rbST or dietary treatment (Table 3).
Neither diet nor rbST alone had any appreciable
effect on several semen measurements and the scrotal
circumference determined at the end of the feeding
period. Furthermore, no interaction response (P
> 0.15) was detected; consequently, only the main
effects are presented in Table 4.

Table 2. Effects of plane of nutrition and rbST administration during a 99-day feeding trial on average daily
gain, height at withers and scrotal circumference in young Granadina goat bucks. Values are means ±
standard error.
Variables

Nutrientsa

rbSTb

1.0

1.25

0 mg

125 mg

Initial body weight (kg)

14.7 ± 2.5

13.4 ± 4.9

14.5 ± 3.9

13.6 ± 3.8

Final body weight (kg)

25.7 ± 3.4

26.6 ± 5.9

25.8 ± 4.8

26.5 ± 4.8

ADG (g day-1)cd

111 ± 23

133 ± 25

114 ± 23

130 ± 28

Initial height at withers (cm)

50.6 ± 2.3

45.9 ± 2.4

47.6 ± 2.9

44.8 ± 3.2

Final height at withers (cm)

61.6 ± 2.6

59.2 ± 2.0

58.6 ± 3.6

57.8 ± 3.9

Change height at withers (cm)

11.0 ± 3.2

13.3 ± 3.4

11.0 ± 3

13.0 ± 3

Initial scrotal circumference (cm)

16.7 ± 2.9

14.9 ± 2.1

15.4 ± 2.0

16.4 ± 1.7

Final scrotal circumference (cm)

24.6 ± 3.2

23.8 ± 1.2

23.6 ± 2.9

25.0 ± 1.9

Change in scrotal circumference (cm)

7.9 ± 2.21

8.9 ± 2.74

8.2 ± 2.72

8.6 ± 2.34

a

Rates of 1.0 (standard diet) and 1.25 (increased diet) times the growth energy and protein requirements.
0 and 125 mg rbST applied subcutaneously every 14 days.
c
Effect of dietary energy (P < 0.01).
d
Effect of rbST (P < 0.05).
b
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Table 3. Mean plasma concentration of various serum metabolites and minerals in young Granadina
goat bucks fed varying dietary energy and protein levels and rbST administration during a 99day feeding trial. Values are means ± standard error.
Nutrientsa

Variables

rbSTb

1.0

1.25

0 mg

125 mg

37.5 ± 3.7

39.7 ± 5.8

38.1 ± 3.2

39.1 ± 6.3

19.7 ± 4.7

18.2 ± 0.8

17.8 ± 1.0

20.1 ± 4.1

0.84 ± 0.35

0.98 ± 0.27

0.90 ± 0.32

0.94 ± 0.32

80.5 ± 12.1

96.3 ± 14.5

90.8 ± 15.5

86.0 ± 15.6

Total proteins (mg dL-1)

9.5 ± 0.6

9.5 ± 1.0

9.6 ± 0.7

9.4 ± 0.9

Phosphorus (mg dL-1)

7.2 ± 0.4

7.1 ± 0.3

7.2 ± 0.4

7.1 ± 0.3

Glucose (mg dL-1)
Urea (mg dL-1)
-1

Creatinine (mg dL )
-1 c

Cholesterol (mg dL )

-1

Calcium (mg dL )

10.8 ± 1.8

9.5 ± 1.3

9.8 ± 1.6

10.5 ± 1.7

-1

Mg (mg dL )

1.9 ± 0.3

1.8 ± 0.2

1.8 ± 0.1

2.0 ± 0.3

Cu (mg dL-1)

1.6 ± 0.7

1.5 ± 0.5

1.7 ± 0.6

1.3 ± 0.5

Zn (mg dL-1)

1.2 ± 0.6

1.3 ± 0.4

1.2 ± 0.5

1.3 ± 0.6

a

Rates of 1.0 (standard diet) and 1.25 (increased diet) times the growth energy and protein requirements.
0 and 125 mg rbST applied subcutaneously every 14 days.
c
Effect of dietary energy (P < 0.01).
b

Table 4. Effect of dietary energy and rbST administration during a 99-day feeding trial on semen
production and quality of young Granadina bucks. Values are means ± standard error.
Nutrientsa

Variablesc

rbSTb

1.0

1.25

0 mg

125 mg

0.56 ± 0.32

0.48 ± 0.23

0.51 ± 0.29

0.55 ± 0.28

63.5 ± 18.9

65.9 ± 14.9

67.1 ± 14.5

60.9 ± 19.3

Concentration (×10 /mL)

2282 ± 1137

1946 ± 529

2210 ± 1139

2055 ± 656

Live sperm, %

69.8 ± 14.2

68.7 ± 14.9

70.4 ± 12.9

68.2 ± 16.0

6.5 ± 3.4

7.8 ± 4.4

7.8 ± 3.3

6.3 ± 4.2

1290 ± 926

958 ± 568

1266 ± 962

1014 ± 572

Volume, mL
Sperm motility, %
6

Abnormal sperm, %
Total sperm (×106/mL)
a

Rates of 1.0 (standard diet) and 1.25 (increased diet) times thegrowth energy and protein requirements.
0 and 125 mg rbST applied subcutaneously every 14 days.
c
For all variables no statistical differences due to dietary or hormonal treatments were detected.
b

Discussion
Performance responses
The stimulatory effects of rbST administration
on growth rate were observed throughout the
experiment. This suggests that the administration of
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exogenous rbST to intact goat bucks, from weaning
through to sexual maturity, appears to be equally
effective in promoting growth rate. In accordance
with the increased ADG with rbST administration,
other authors (15) observed an increase in ADG in
rbST-treated Angora goats.
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The observation that rbST administration
increased growth performance 14% in the current
study is interesting, in view of the fact that the
majority of the published growth trials in steers (16)
and sheep (17), treated with bST during the growing
and finishing phases, indicated that these animals
responded with an average improvement <10% for
ADG. Magnitude and efficacy of the response to
bovine somatotropin in beef cattle is variable. It has
been identified that the highest response of beef cattle
to rbST is shortly before puberty (250 days of age;
18), a growing period similar to that of goat bucks in
the present study.
The lack of increase in height at withers of rbSTtreated goat bucks indicates no enhancement of
long-bone growth, which contrasts with previous
observations in feedlot steers (16) and ewe lambs
(19) receiving rbST. No ossified epiphyseal plates
were present on the metacarpal bones of 271- or
361-day-old lambs (20). Therefore, rbST should have
been able to stimulate long-bone growth throughout
the study, but this was not the case. Similar results
to those in the present study have been reported in
intact lambs (17), where no effect of GH treatment
has been found in bone lengthening, growth index,
and cortical index.
Serum metabolites and minerals
The lack of effect of rbST on serum glucose is
consistent with the findings of previous studies on
Angora (15) goats subjected to chronic administration
of rbST, where glucose levels did not change, or just
a transient increase of this metabolite was observed
(21). The similitude in serum glucose levels between
rbST-treated bucks and the control is probably due
to an adjustment to a new set point in maintenance
of glucose homeostasis, because of effects of GH on
tissue metabolism of carbohydrates.
Blood cholesterol concentration is associated with
body condition score in goats (22) and cholesterol
concentration tends to increase with an increased
level of nutrition during growth (23); thus, it appears
that higher body energy reserves reached by bucks
fed the high energy diet were reflected in higher
serum cholesterol levels.
The effect of exogenous GH on carcass fat appears
to be through decreased lipogenic activity in adipose

tissue, wherein GH acts as an insulin antagonist (24).
Likewise, prolonged treatment with GH does not
affect basal lipolysis in lactating goats (25), which do
not modify concentrations of cholesterol in muscle
and subcutaneous fat. This seems to explain the lack
of effect of rbST on serum cholesterol.
Regarding similar levels of serum urea between
treatments, somatotropin increases the retention of
nitrogen in beef heifers (26), apparently by enhancing
the incorporation of N into muscle and proteins in
noncarcass tissue (27). This increase in N retention
has been reflected in a decrease in circulating
concentrations of urea nitrogen (26,28). Our results
are inconsistent with those previous findings, but
are in line with other studies in goats (15), where
the administration of rbST did not affect blood urea.
Furthermore, we found no difference in the plasma
total protein levels in rbST-treated and the control
goats bucks, as also reported by other authors (29),
which is indicative that rbST did not cause an energy
deficit.
Minerals remained within the normal reference
ranges for healthy goats (30), and the lack of effect
of rbST on major minerals agrees with data of other
authors in dairy cattle (31) and supports the concept
that somatotropin coordinates mineral partitioning.
Semen traits
Over-feeding is detrimental to semen quality in
young rams (32). High levels of energy intake could
affect reproductive performance of young livestock
used for natural mating by a direct effect on rate of
sexual development (33), or by an indirect effect
through degree of fatness or weight change (34). In
the present study, apparently, nutrient allowances
were not large enough to interfere with normal
testicular function, as has been observed by other
authors (35).
Taken together, these observations suggest that
chronic administration of rbST does not affect the
spermatogenesis process in developing goat bucks,
and, consequently, sperm output. The results of
the present study are in agreement with studies in
stallions (36) and young bulls (37), where chronic
applications of somatotropin did not alter semen
quality variables.
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The lack of effects of rbST on semen characteristics
was possibly due to the fact that chronic treatment
with rbST does not alter the pattern of LH release
(38), and plasma testosterone concentration (39),
which apparently did not modify testis size and gamete
production. Moreover, there is evidence that doses
of exogenous somatotropin similar to those used to
increase milk production and carcass composition
do not affect spermatogenesis in rams or bulls (40).
Therefore, we reject the hypothesis that rbST or
the metabolic changes resulting from its chronic
administration affect the mechanisms controlling testis
development and sperm cell production in goat bucks.
However, there is also evidence that somatotropin
plays a role in the reproductive processes of male farm
animals (41,42), although the beneficial effect of GH

treatment on testicular function has been focused
basically on individuals with testicular dysfunction
(43).
Conclusions
High energy diets markedly increased weight gains
in growing Granadina goat bucks, with and without
somatotropin treatment, which implies that rapid
growth rates were compatible with semen production
and quality. On the other hand, these results do not
depict a potential for enhancing semen production
and quality through chronic rbST treatment of
growing Granadina goat bucks. Further studies are
still necessary to establish the effect of rbST on more
subtle aspects of sperm integrity.
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