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SUMMARY 

Postweaning growth and pubertal traits were 
studied in Hereford, Angus, Red Poll, Brown 
Swiss, Hereford-Angus crossbred (HXA) and 
Angus-Hereford crossbred (AX H) bulls from 7 
through 13 months of age. Pubertal factors 
characterized included body weight, testicular 
size, hormone concentrations, sexual aggressive- 
ness and sperm production. Puberty was de- 
fined as the age at which a bull first produced 
an ejaculate containing at least 50 x 106 
spermatozoa with a minimum of 10% motility. 
Average pubertal age in days was 264 -+ 9 for 
Brown Swiss, 283 -+ 9 for Red Poll, 295 -+ 9 for 
Angus, 296 + 9 for AX H, 300 + 8 for HX A and 
326 + 9 for Hereford bulls. Brown Swiss bulls 
were heaviest (295 kg), while Red Poll and 
Hereford bulls were lightest (258 and 261 kg) 
in body weight at puberty. 

Concentrations of serum luteinizing hor- 
mone (LH) and testosterone (T), averaged 
across all bulls, increased linearly (P<.01)from 
7 through 13 months of age. Breed differences 
in LH concentration were not observed from 7 
months of age through puberty. Breed groups 
with high average T concentrations between 7 
and 13 months of age reached puberty earlier 
than breed groups with low T concentrations. 
Bulls exhibited first sexual interest approxi- 
mately 3 weeks before reaching puberty, and 
attained mating ability approximately 6 weeks 
after reaching puberty. Brown Swiss bulls were 

1The authors gratefully acknowledge the labora- 
tory expertise of Ms. Shaft Ellis and the technical 
assistance of Mr. Ray Sampson, Mr. Steve Furman and 
Mr. Dave Mitchell with collection of animal data. 

z U.S. Meat Animal Research Center. 
3 Mention of products of companies in this report 

does not constitute endorsement by the U.S. Depart- 
ment of Agriculture to the exclusion of others not 
mentioned. 

capable of completed matings 83 to 121 days 
earlier (P<.01) than other breed groups. 

Although rather large differences in age and 
body weight at puberty existed among breeds, 
scrotal circumference at puberty (27.9 + .2 cm) 
did not differ (P>.10). It is concluded that 
measurement of scrotal circumference may be a 
simple method of assessing puberty in beef 
bulls, regardless of differences in age, weight 
and breed, and should be a useful tool in the 
selection of early maturing bulls with minimal 
effort. 
(Key Words: Puberty, Scrotal Circumference, 
Serum Hormones, Libido, Growth, Breed Dif- 
ferences.) 

INTRODUCTION 

Description of pubertal development in bulls 
has been limited primarily to the dairy breeds, 
and few characterizations have been published 
for beef bulls (Barber and Almquist, 1975; 
Swanson et al., 1971; Wolf et al., 1965). 
Selection and management of young beef bulls 
is hampered by the lack of information on 
puberty, and breed comparisons and delinea- 
tion of breed differences at puberty have yet to 
be defined. An understanding of the sexual 
maturation processes in bulls is necessary be- 
fore attempts can be made to alter or exploit 
rates of maturation to the advantage of the beef 
industry. 

The primary objectives of this study were to 
characterize the changes associated with onset 
of puberty in beef bulls and to define breed 
differences at puberty, including the relation- 
ships between endocrine, anatomical, spermato- 
genie and behavioral factors. 

MATERIALS AND METHODS 

Thirty-one straightbred and crossbred bulls, 
born in May 1974, were evaluated from 7 
through 13 months of age. Breed groups and 
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number of bulls per group were: five Hereford 
(H), five Angus (A), six H •  crossbreds 
(Hx A), five A• H crossbreds (Ax H), five Red 
Poll (RP) and five Brown Swiss (BS). Bulls with 
adjusted weaning weights approximating the 
average of  large peer groups and with dams of 
similar age were selected to represent each 
breed. All bulls had been subjected to the same 
managerial and environmental influences from 
birth. Bulls were weaned at 131 -+ .2 days of  age 
and were penned together through 13 months 
of age. Evaluation of sexual aggressiveness, 
testicular size, body weight, blood hormones 
and sperm production was performed every 2 
weeks from December to June. Bulls were fed 
the same ration from weaning to complet ion of 
the study. The ration consisted of corn silage 
(60%, Ref. No. 3-08-153), alfalfa haylage (20%, 
Ref. No. 3-03-150), corn (18%, Ref. No. 
4-02-931) and 2% supplement fed ad l ib i tum.  
On a dry matter  basis, the ration contained 
2.44 Mcal NE/kg and 12% crude protein, and 
daily dry matter  consumption averaged 7.9 
kg/head/day during the 7-month evaluation 
period. 

Blood was collected by jugular puncture 
within 1 min after restraint of bulls in a squeeze 
chute. One 15 ml blood sample was collected 
from each bull biweekly and individuals were 
sampled in random order. Blood was allowed to 
coagulate under refrigeration and serum stored 
at - 2 0  C until assayed. Immediately following 
blood collection, scrotal circumference was 
measured as described by Hahn et  al. (1969) 
and semen was collected by electroejaculation. 
Detachment of  the sheath (prepuce) was evalu- 
ated by observation of the erect, extended 
penis during electroejaculation. Complete de- 
tachment of the sheath was recorded when the 
penis could be fully-extended with no vestiges 
of preputial a t tachment  along the body of the 
penis. The following day, sexual aggressiveness 
(libido) was evaluated. Libido tests were con- 
ducted in a semicircular pen, 8 m in radius, 
visually separated from untested bulls by solid 

4purified ovine LH (LER-1056-C2) was obtained 
from Dr. L. E. Reichert, Emory University, Atlanta, 
GA. 

s Antiserum to bovine LH (DJB 3-12/11) and sheep 
anti-rabbit "r-globulin (DJB 5• 3) were obtained from 
Dr. D. J. Bolt, USDA-ARS, Behsville, MD. 

~purified bovine LH (NIH-LH-B8), used as a 
standard, was a gift from the Endocrine Study 
Section, NIH, Bethesda, MD. 

plywood panels. Each bull was exposed to three 
ovariectomized, estrus-induced heifers during a 
5-min test period, and the test period began 
when the bull entered the pen. Recorded 
behavior included first sexual interest (first 
oriented mount) ,  abortive mounts and com- 
pleted matings. Any mount  that  did not  culmi- 
nate in ejaculation was classified as abortive. 

Testosterone (T) was quantified by radio- 
immunoassay utilizing ant ibody S-741-#2 pur- 
chased from Dr. G. Abraham, UCLA School of 
Medicine, Harbor General Hospital, Torrance, 
CA. Ant ibody  specificity has been published 
previously (Abraham et al., 1972). One- 
hundred microliters of serum, .4 ml of saline 
and one drop of NHaOH (30%, w/w) were 
placed in a vial and extracted twice with 2 ml 
of diethyl ether. Ether extracts were transferred 
to 12 x 75 mm tubes, evaporated under 
nitrogen gas flow and assayed directly without 
further purification. Minimum sensitivity of  the 
assay was 25 pg of testosterone. The intraassay 
coefficient of variation for duplicate determina- 
tions was less than 10%. The inte,  ssay coeffi- 
cient of  variation for a pool of  bull serum 
containing 3.5 ng/ml was 9%. Correlation be- 
tween T added to serum and the amount  
determined in excess of  initial concentration 
was .993 for duplicate determinations of four 
levels of T ranging from .25 to 2.0 nanograms. 

Serum luteinizing hormones (LH) concentra- 
tions were determined by use of  a double 
ant ibody radioimmunoassay similar to that  
reported by Niswender et al. (1969). Purified 
ovine LH 4 was labelled with 1 u s I by the 
method of Greenwood et  al. (1963) and sepa- 
rated on a 1 • 30 cm Sephadex G-100 column. 
The descending port ion of the radiolabeled LH 
peak was diluted with .1 gelatin-PBS to 50,000 
cpm/millili ter.  The LH ant ibody s bound more 
than 90% of  the LH -l 2 s I at a dilution of 1 : 300 
and 45 to 50% at a working dilution of 
1:40,000. Crossreactivity of  the ant ibody was 
parallel and equal to the concentration of 
bioassayable LH in National Insti tute of Health 
preparations of  prolactin, follicle stimulating 
hormone, growth hormone and thyroid stimu- 
lating hormone. The sheep anti-rabbit 
7-globulin s was used at a dilution of 1:80. Each 
assay was composed of  16 different concentra- 
tions of purified bovine LH standard 6 ranging 
from 25 pg to 50 ng/tube, 75 unknown serum 
samples and aliquots of  two plasma pools. 
Aliquots of .1 and .2 ml were assayed for each 
unknown sample and the intraassay coefficient 
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of variation was less than 10%. The two bovine 
plasma pools had LH concentrations of .7 and 
8.1 ng/ml and the interassay coefficients of 
variation were 9.3 and 5.3%, respectively. Re- 
covery of added amounts of LH standard from 
.2 ml of serum ranged from 97 to 100%. 

Least squares means were obtained and 
analyzed by split-plot analysis of variance for 
data with unequal subclass numbers using the 
methods of Harvey (1975). Mean differences 
were tested using Duncan's multiple range test. 

B ESU LT$ 

Hormone Concentrations�9 Serum LH con- 
centrations increasedlinearly (P<.01) between 7 
and 13 months of age (table 1) for all bulls 
combined (y = .14 + .25x, r = .39). Breed 
differences in LH concentrations were not  
observed between 7 and 11 months of age (i.e., 
through puberty). Mean LH concentration aver- 
aged over the entire evaluation period was 
higher for RP than for H bulls (P<.05). 

Serum T concentrations (table 2) averaged 
for all bulls also increased linearly (P<.01) 
between 7 and 13 months of age (y = .93 + 
.46x, r = .37). Hereford, HXA and AXH bulls 
exhibited linear increases (P<.01) between 7 
and 13 months, while more complex patterns 
and greater fluctuations from month to month 
were observed for A, RP and BS bulls (table 3). 
When averaged over the entire evaluation pe- 
riod, BS and RP bulls possessed higher T 
concentrations (P<.05) than H and HX A bulls. 
Correlations between T and LH concentrations 
are given in table 3. 

Growtb. Growth patterns for the six breed 
groups are shown in figure 1. Body weight 
increased linearly with age (P<.O1)within each 
breed group and when averaged across all bulls. 
Hereford bulls weighed less and BS bulls were 
heavier than other breed groups throughout the 
study (P<.05). Average daily gains were .59 +- 
.04, .69 + .05, .72 + .04, .74 + .06, .76 + .03 
and .87 + .03 kg/day for H, A, HX A, AX H, RP 
and BS bulls, respectively, between 7 and 13 
months of age. Daily gains for H and BS bulls 
were different (P<.01), while intermediate 
breed groups did not differ from each other 
(P>. 10). Correlations between body weight and 
other characteristics are given in table 3. 

Testicular Development. Scrotal circumfer- 
ence increased linearly with age (P<.01)within  
each breed group (figure 2) and when averaged 
across all bulls (y = 12.63 + 1.52x r = .88). 
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Figure  1. Re l a t i onsh ip  b e t w e e n  b o d y  w e i g h t  and  
age in  b reeds  of beef bulls between 7 and  13 m o n t h s  
of age. Here ford  (H, y = 6 1 . 5 0  + 1 8 . 5 3 •  r = .92),  
Angus  (A, y = 68 .81  + 20 .97X,  r -- .90),  H X A  
crossbred  (HXA,  y -- 4 8 . 8 7  + 23 .21X,  r = .93), A X H  
crossbred  (AXH, y = 4 6 . 6 9  + 22.49X,  r -- .93) ,  Red  
Poll (RP, y = 4 1 . 5 5  + 22 .84X,  r = .88) and  Brown 
Swiss (BS, y - 66 .45  + 26 .04X,  r = .95).  

F igure  2. Re l a t i onsh ip  b e t w e e n  sc ro ta l  c i r cum-  
fe rence  and  age in b r eeds  o f  b e e f  bu l l s  b e t w e e n  7 a n d  
13 m o n t h s  o f  age. Here fo rd  (H, y = 8 .35  + 1 .68X,  r = 
.84),  A n g u s  (A, y = 13 .82  + 1 .48X,  r = .80),  H X A  
c rossb red  (HXA, y = 10 .82  + 1 .66X,  r = .92),  A X H  
c rossb red  (AXH, y = 13 .53  + 1 .50X,  r -- .89)  Red  Poll 
(RP, y = 11 .96  + 1 .56X,  r -- .82)  and  Brown  Swiss (BS, 
y = 17 .02  + 1 .28X,  r = .78).  

Testis size, as indicated by scrotal circumfer- 
ence (Hahn et al., 1969), was smaller (P<.01) 
for H bulls and larger (P<.01) for BS bulls than 
for other breed groups throughout  the study. 
Correlations of  serotal circumference to age, 
weight and hormone concentrations are given in 
table 3. 

Sperm Production. Spermatozoa appeared in 
ejaculates from BS bulls at a much younger age 
(P~.01) than in other bull groups (table 4), 
with one BS bull having immoti le  sperm present 
in the first eleetroejaculated sample at 210 
days of age. Brown Swiss bulls were also heavier 
than other breed groups at first sperm produc- 
tion, weighing 25 kg more than A (P<.05) and 
29, 29, 39 and 49 kg more than H XA, AxH,  
RP and H bulls (P~.01).  Breed differences in 
serotal circumference at first sperm production 
were not  as marked as were differences in age 
and weight at first sperm (table 4). Scrotal 
circumference in crossbred groups did not  
differ (P>.lO) at first sperm production but  
tended to be more similar to straightbred bulls 
of the sire breed than to those of  the dam breed 
(i.e., HX A were similar to H, and A• H were 

similar to A). 
At  first product ion of  motile sperm, BS bulls 

were 26 to 47 days younger and 21 to 39 kg 
heavier than other breed groups (P<.05). The 
time lag between appearance of  first sperm and 
product ion of  first moti le sperm was very short 
for A, AX H and BS bulls (8, 5 and 11 days) and 
much longer (P<.05) for H, HX A and RP bulls 
(28, 24 and 31 days). There were no breed 
differences in scrotal circumference at produc- 
tion of first moti le sperm (P>.10), and average 
circumference for all bulls was 27.0 + .3 cm 
(table 4). 

At  first product ion of  50 x 106 sperm 
possessing a minimum of  10% progressive motil-  
ity, BS bulls were 19 to 62 days younger and 
16 to 37 kg heavier than other bull groups 
(table 4). Hereford bulls reached this criterion 
of puber ty  later (P<.05) than all other breed 
groups. There were no breed differences 
(P>.10) in scrotal circumference at production 
of  50 x 106 sperm with 10% moti l i ty  (table 4). 
The range in scrotal circumference at puber ty  
(i.e., 50 x 106  sperm) was 25.9 to 30.1 cm, and 
32% of  the bulls reached puberty  at <~27 cm, 
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52% at ~28 cm, 74% at ~<29 cm atid 97% at 
~<30 circumference. 

S e x u a l  Aggress iveness .  Brown Swiss bulls 
exhibited first sexual interest at a younger 
(P<.05) age than did bulls of H and HxA 
breeds and were capable of completed matings 
83 to 121 days earlier (P<.01) than other breed 
groups (table 4). Hereford and Hx A bulls were 
the latest to exhibit sexual interest and acquire 
mating ability. Mean age at first completed 
mating tended to be earlier in crossbreds 
combined (HX A and Ax H) than in H and A 
straightbreds combined (354 vs 363 days of 
age). No difference (P>.10) existed between 
breed groups for weight at first sexual interest, 
but BS and HXA tended to be the heaviest 
(table 4). Comparing body weight at first 
completed mating, BS and H bulls weighed the 
least and A and HX A were the heaviest (P<.05) 
breed groups. 

Shea th-Pen is  D e t a c h m e n t .  Average age at 
complete sheath-penis detachment was inter- 
mediate between age at first attempted mating 
and age at first completed mating in all bull 
groups (table 4). Complete detachment oc- 
curred 50 to 85 days earlier (P<.01) in BS bulls 
than in other breed groups. Three bulls (one 
each in A, HX A and Ax H groups) were able to 
complete their first mating before separation of 
the penis and sheath was complete. The time 
lag between first sexual interest and complete 
sheath-penis detachment was 62 days for A 
bulls, a longer (P<.01) time period than the 8 
to 37 days required for other breed groups. 

Discuss ion  

In its fullest sense, puberty occurs when 
bulls attain the ability to produce viable sper- 
matozoa, exhibit sexual aggressiveness and 
penile development permits intromission and 
ejaculation (Foote, 1969). However, since these 
three events do not occur simultaneously, a 
variety of definitions of puberty have been 
proposed. The most widely accepted is to 
define puberty as the age at which the first 
ejaculate containing a minimum of 50 x 106 
total spermatozoa with at least 10% progressive 
motility is collected (Barber and Almquist, 
1975; Killian and Amann, 1972; Wolf e t  al., 
1965). The discussion of pubertal charac- 
teristics below will refer to this definition of 
puberty. Other criteria of puberty, such as first 
sperm, first motile sperm, first sexual interest, 
and first completed mating, have been included 

in the results section to facilitate comparison to 
other publications. 

Averaged across all bulls in this study, serum 
concentrations of LH increased (P<.01) linearly 
with advancing age around the time of puberty. 
This pattern is in agreement with the general 
increases reported for young Hereford (Swan- 
son e t  al., 1971) and Holstein bulls (MacMillan 
and Hafs, 1968). Increases in LH concentra- 
tions preceding puberty also have been reported 
in rats (Davidson, 1974) and rams (Lee e t  al., 
1976). Concentrations of serum T also in- 
creased (P<.01) linearly with advancing age 
when averaged across all bulls between 7 and 13 
months of age. The increase in T concentration 
through puberty agrees with published data for 
Holstein (Rawlings e t  aL, 1972) and Friesian 
bulls (Secchiari et  aL, 1976) and is supported 
by reports of similar neopubertal increases in 
systemic T levels for rams (Lee et  al., 1976) and 
rats (Resko et  al., 1968). 

Our ,observation that LH and T increased 
gradually as bulls approached puberty supports 
the hypothalamic desensitization theory of 
sexual maturation (Odell and Swerdloff, 1974), 
However, it has been reported that induced LH 
surges do not stimulate increased T secretion 
until bulls are 6 months of age or older 
(Mongkonpunya e t  al., 1975), indicating that 
the testes of prepubertal bulls become more 
responsive to LH stimulation as puberty ap- 
proaches. Thus, our data also supports the 
theory of increasing Leydig cell responsiveness. 

In general, breed groups with high average T 
tended to reach puberty earlier than breed 
groups with low average T concentrations (table 
2). The correlation between average T and age 
at puberty was - .51 (P<.01). Average T con- 
centration was not related (P>.10) to body 
weight (r = .07), scrotal circumference (r = .22) 
or LH concentration at puberty (r = .26), nor 
was it related to age at first sexual interest (r = 
-.26).  However, stronger (P<.01) relationships 
existed between average T concentrations and 
age at complete sheath-penis detachment (r = 
- .48)  and age at first completed mating (r = 
-.46),  supporting the androgen-dependency of 
preputial separation (Korenbrot e t  al., 1977) 
and indicating that attainment of mating ability 
is related to circulating T concentrations 
(Blockey, 1975). 

Scrotal circumference at puberty (27.9 -+ .2 
cm) was relatively constant among breeds and 
across bulls differing widely in age and weight 
at puberty (table 4). The correlation between 
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scrotal  c i rcumference  averaged across the ent ire  
evaluat ion period and age at puber ty  was - . 6 5  
(P<.01) ,  indicat ing that  scrotal  c i rcumference  
may  be more  useful than o ther  characterist ics 
for the predic t ion o f  age at puber ty .  The  
average o f  two measurements  of  scrotal circum- 
ference,  one  taken at 7 months  and one  at 10 
mon ths  o f  age, served to predict  age at puber ty  
even more  accurate ly  (figure 3). The  predict ive 
value o f  the 7 and 10 m o n t h  average did no t  
appear  to be af fec ted  by breed,  and measure- 
men t  of  scrotal  c i rcumference  may  be a reliable 
means of  ident i fying puber ta l  age in bulls, 
regardless of  differences in body  weight,  calen- 
dar age or  breed. 

Scrotal  c i rcumference  is more  easily ob- 
tained than sperm produc t ion  or behavioral  
measurements  and should be useful in the  
selection o f  beef  bulls for  early sexual matur i  W. 
The potent ia l  o f  selection programs based on 
scrotal  c i rcumference  is re inforced by the rath- 
er high heri tabi l i ty  repor ted  for  this character-  
istic in bulls (h = .67, Coul ter  e t  al., 1976). In 
addi t ion,  the select ion of  young  male sheep and 
mice for  rate of  testicular growth has been 
shown to be related to earlier puber ty  and 
improved reproduct ive  capaci ty  in genetical ly-  
related females  (Land and C_arr, 1975;  Islam e t  

al., 1976).  However ,  it is known that  nut r i t ion  
and env i ronment  can af fec t  puber ta l  age in 
bulls (VanDemark,  1956), and the  ef fec t  of  

o NEREFORD 
0 AX~US 
O H , A  CROSSaREO 
�9 Az~ C~OSSSREO 
�9 RED POLL 
�9 SqOWN SWISS 

y = 17.44-.~0~ 
r "-.SS 
P< .01 

A V E R A G E  S C R O T A L  C I R C U M F E R E N C E  A T  
7 A N D  I 0  M O N T H S  OF A G E  (cm)  

Figure 3. Relationship between average scrotal 
circumference and pubertal age. Average scrotal cir- 
cumference is the mean of two measurements, one 
taken at 7 months and one taken at 10 months of age. 
Symbols represent individual bulls of the breed groups 
indicated. No point deviates more than -+.9 months 
from the regression line. 

these factors  on testis growth requires further 
investigation. 
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