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ABSTRACT

The present study tested the effect of biostimulation by bull ex-
posure on the early postpartum reproductive performance of
well fed and permanently suckled Angus cows. At 1 week
postpartum, 90 Angus cows with no history of calving problems
and their calves were allocated by parity, body weight, and
body frame into 3 isolated groups of 30 cows each. Cows from
groups A and B were permanently exposed to mature bulls
(BE) while cows from Group C (NE) served as a control.
Analyzed variables included; intervals from calving to resump-
tion of ovarian activity (ICR), and first behavioral estrus (ICE),
length of the first estrous cycle (ECL), number of cows showing
estrus/group, and number of estrus periods (NEP) occurred
per cow during the 90 days previous to the breeding season.
The ICR (38.1 £ 3.4 vs 51.0 + 4.4; P<0.02) and ICE (38.1 + 3.4
vs 59.9 + 2.5; P<0.001) were shorter in BE than in NE cows,
and no differences between bull-exposed groups were found.
More BE cows resumed reproductive cyclicity with normal ECL
than NE cows (A= 16/53%, B=16/53%, C=8/26.6%; P<0.01).
During trial, more BE cows showed behavioral estrus than NE
cows (A: 29/30= 97%, B: 30/30 =100%, and C: 24/30 = 80%;
P<0.002). Similarly, NEP recorded in BE cows was greater
than that of NE cows (A=70, B=68, and C=42; P<0.0002).
More BE cows (P< 0.001) had 3 estrous periods during trial. It
was concluded that, even under conditions involving adequate
nutrition and permanent suckling, there was a positive effect of
biostimulation on early reproductive performance in postpartum
Angus cows.

Key words: Male-effect, biostimulation.

Recibido: 10 /02 /2008. Aceptado: 12 /04 / 2008.

682

RESUMEN

El presente estudio examin6 el efecto de la bioestimulaciéon
por exposicion al toro sobre el desempefio reproductivo duran-
te el postparto temprano de vacas Angus bien alimentadas y
sujetas a amamantamiento permanente. A una semana
postparto, 90 vacas Angus sin historia de problemas al parto y
sus becerros fueron distribuidos segun el niumero de partos,
peso y talla corporal en 3 grupos aislados de 30 vacas cada
uno. Las vacas de los grupos A y B fueron expuestas perma-
nentemente a toros maduros (BE), en tanto que las vacas del
grupo C (NE) sirvieron como control. Las variables analizadas
fueron: intervalos parto-reanudacion de la actividad ovarica
(ICR) y parto-primer celo expresado (ICE), longitud del primer
ciclo estral (ECL), numero de vacas mostrando celo por grupo
y numero de celos por vaca durante los 90 dias previos a la
época de monta (NEP). El ICR (38,1 + 3,4 vs 51,0 + 4,4;
P<0,02) y el ICE (38,1 + 3,4 vs 59,9 + 2,5; P<0,001) fueron
mas cortos en BE que en NE, y no se hallaron diferencias en-
tre grupos expuestos a toro. Mas BE reanudaron la ciclicidad
ovarica con ciclos normales en comparacion con las NE
(A=16/53%, B=16/53%, C=8/26,6%; P<0,01). Durante el expe-
rimento, mas vacas BE mostraron celo que las NE (A: 29/30=
97%, B: 30/30 =100%, C: 24/30= 80%; P<0,002). Asi mismo,
el NEP observado en vacas BE fue mayor que en las vacas
NE (A=70, B=68, y C=42; P<00,002). Mas (P< 0,001) vacas
BE tuvieron 3 celos durante el estudio. Se concluyé que, aun
bajo condiciones de nutricion adecuada y amamantamiento
permanente, hubo un efecto bioestimulatorio positivo sobre el
desempefio reproductivo temprano de las vacas Angus
postparto.

Palabras clave: Efecto macho, bioestimulacion.
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INTRODUCTION

The major influences on reproductive performance are
exerted by environmental and management factors. Thus, re-
productive performance can be enhanced by applying rational
management strategies. One of the greatest constraints with
increasing management level is finding an even point between
profitability and level of management to be applied, including
the use of recent technologies. This is especially true in tropi-
cal and underdeveloped countries, in which the relationship
cost: benefit is often a limitation for applying technology.

Biostimulation by bull exposure represents a relatively in-
expensive management tool often underestimated. Likely rea-
sons for such underestimation may be the beliefs that in pres-
ence of good nutrition [51, 76] and calf suckling [28, 82], the
beneficial effects of biostimulation can be either minimized or
suppressed. Moreover, teaser bulls are associated with an in-
creased risk of diseases transmission.

Although the evidence of the positive effect of biostimula-
tion appears to be clear in both Bos taurus [15, 83] and Bos in-
dicus [58, 72] beef breeds, most research reports have tested
the effect of biostimulation on reproductive function without ap-
propriate handling of aspects related to nutrition and suckling
[20, 34, 49, 59, 72]. In addition, despite its potential repercus-
sions on subsequent fertility, there is a lack of information on
the influence of biostimulation on the early postpartum per-
formance previous to the breeding season.

Therefore, objectives in this study were to test the effect
of biostimulation by bull exposure on the early postpartum per-
formance (e.g., intervals from calving to resumption of ovarian
activity and first behavioral estrus, length of the first estrous cy-
cle, and number of estrus periods occurred per cow during the
90 days previous to the breeding season) in well fed postpar-
tum Angus cows subjected to permanent suckling.

MATERIALS AND METHODS

This field study was conducted during the Spring season
at the Santa Fe Beef Research Unit of University of Florida
(subtropical North-Central Florida). Since the reproduction of
this herd is totally synchronized, at 1 week postpartum, 90 An-

gus cows without any history of calving problems and their
calves were allocated by parity, body weight, and body frame
into 3 groups of 30 cows each. To account for possible differ-
ences due to bulls, cows in groups A and B were placed in
separated pens with one mature epididymectomized [63] An-
gus bull each. Cows in Group C were not exposed to any bulls,
and were located and handled as to not receive any type of
stimuli from the bull-exposed groups. The arrangement of bulls
and cows provided a bull:cow ratio of 1:30 which is normally
recommended for commercial beef cattle operations [12].

The elapsed time period within which reproductive per-
formance was monitored in this study included from one week
postpartum to 90 days postpartum. Thus, since in this synchro-
nized herd all the recorded dependent variables were almost
restricted to the first 60 days, it was globally considered an in-
dicator of early reproductive performance.

As indicated in the baseline comparison (TABLE ), there
were no differences in parity, body frame, postpartum body
weight, and gestation length among groups. With the exception of
calf weight at 90 d (107 £+ 2 vs 101.2 + kg; P<0.09), no other dif-
ferences were found between calves from biostimulated and con-
trol groups with respect to calf birth weight (31.9 + 1.1 vs 30.7
1.1 kg, respectively) and calf sex distribution (34 and 13 vs 26
and 17 males and females respectively). Since milk yield is a
largely reported effect on reproductive performance, it was indi-
rectly estimated by monitoring calf weight. Thus, calves were
weighed at the begining and at the end of the experiment and
values used as independent random variable.

All cows received daily prepartum and postpartum feed
supplementation. Feed consisted of a 2 kg mix of corn, oilseed
meal, coconut meal, citrus pulp and minerals. In addition, dur-
ing the study all cows in each group were fed Bahia grass
(Paspalum notatum) hay and water ad libitum. No grass was
available in any of the three assigned pens (0.25 hs approx. di-
mension). All calves were left with their dams to suckle
throughout the study. In this way, all cows were subjected to
similar management scheme with regard to nutrition and suck-
ling of calves. Animals were handled according policies of the
Institutional Animal Care and Use Committee from Unversity of
Florida.

TABLE |
BASELINE COMPARISONS. LEAST SQUARE MEANS + STANDARD ERROR (LSM £ SE) / COMPARACIONES DE BASE. MEDIAS
POR MINIMOS CUADRADOS + ERROR ESTANDAR

Group Parity W1(k)? BCS1 Frame
L M S
A* 26+0.3 512 + 12 4.8+0.1 3 18 9
B* 23+0.3 521 +12 46+0.1 5 15 10
c** 24+03 524 + 12 5.0+ 0.1 3 18 9
p-value P >0.47 P>0.74 P >0.47 P >0.88

W1= Initial body weight ; BCS1= Initial body condition score *= Biostimulated groups; ** Control. Parity= N2 partos, W1= Peso inicial en kgs. BCS1=

Condicidn corporal inicial. Frame = Talla: L= Large, M=Middle, S=Small.
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All 90 cows were used to determine the effect of bi-
ostimulation by bulls on the expression of the first postpartum
estrous period. However, a subset of 30 cows (10 cows from
each group) allocated by parity, was used to determine the ef-
fect of biostimulation on time for resumption of ovarian activity
(first rise of progesterone above 1 ng) and monitoring nutri-
tional status (non-esterified fatty acids -NEFA-) by jugular
bleeding.

To assess the interval from calving to resumption of
ovarian activity, plasma concentration of P4 was determined
using a solid-phase, non-extraction radioimmunoassay (Coat-
a-Count® kit) previously described [73]. The sensitivity of the
assay kit is 0.02 ng/mL as indicated by manufacturer. The co-
efficient of variance intra-assay was less than 10%. All sam-
ples were processed in one batch, thus, the coefficient of vari-
ance inter-assay was 0. Once a rise of progesterone above 1
ng/ml was determined and a luteal structure was observed by
ultrasonography, an interval from calving to the corresponding
day of the progesterone rise was calculated. Plasma concen-
trations of NEFA were weekly obtained to assess nutritional
status during the study. Determination of NEFA plasma con-
centration was performed at the Peri-parturient Disease Labo-
ratory of the National Animal Disease Center, Ames, lowa. It
was expected to find concentrations of NEFA between 0.2-0.3
mmol/liter in all cows during the entire experiment as an indica-
tor of appropriate energy balance [62, 65].

To assess the interval from calving to first postpartum
estrus, data of mounting activity were collected by Heat-
Watch® mount detectors (Ddx Inc Denver, CO, USA) fitted to
all cows in the study at the initiation of the experiment. The oc-
currence of at least 3 mounts within a period of 4 h [56] was
considered the start of an estrous period. Once HeatWatch®
detected the first postpartum estrus, the interval from calving to
such first estrus was calculated. For those cows which not
showed behavioral estrus, the duration of the experiment (90
d) was assigned as a value for this variable. A similar criterion
was applied to cows that did not have a rise of progesterone
above 1 ng/mL. during the experiment. Bias was prevented by
labeling vials containing blood samples with serial numbers in-
stead of the cow number and by using HeatWatch® mount de-
tectors to collect the information regarding mounting activities.

Statistical analysis of plasma NEFA concentrations was
performed by ANOVA with repeated measures using PROC
MIXED of SAS [64]. The statistical model initially comprised
the effect of cow, group, and week as independent class vari-
ables. Independent random variables were initial body weight
(W1), body condition score (BCS1), calf birht weight (CBW)
and final calf weight (CW2), while tested interaction was group
x week. Cow within group was the error term. The final model
comprised the effects of group, week, group x week, and cow
within group.

The statistical analysis of the interval from calving to re-
sumption of ovarian activity was performed by ANOVA using
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PROC GLM of SAS [64]. The statistical model initially com-
prised the effects of group and treatment as independent class
variables. Independent random variables were W1, BCS1,
CBW, CW2 and duration of first estrus and the interactions of
group x treatment. Since no difference between bull-exposed
groups was found, data were pooled. Due to the lack of signifi-
cance of several dependent variables, the final statistical
model only included treatment.

As determined by HeatWatch®, the interval from calving
to first behavioral estrus was performed by ANOVA using
PROC MIXED of SAS [64]. The statistical model comprised
the effects of treatment and group as independent class vari-
ables. Independent random variables were W1, BCS1, CBW
and CW2 and the interaction group x treatment. Since no dif-
ference between groups exposed to bulls was determined,
data of Groups A and B were pooled. Due to the lack of sig-
nificance of several dependent variables, the final model in-
cluded treatment, W1, and CW2.

The length of the first postpartum estrous cycle was de-
termined as the time interval between the first and second es-
trous periods as detected by HeatWatch®. The length of the
first postpartum estrous cycle was examined as an indicator of
type of cyclicity postpartum. According to the information pro-
vided by HeatWatch®, estrous cycles were classified as nor-
mal (18-24 d), long (X 25 d), and short (O 17 d d) length [61].
Comparisons between groups (e.g. biostimulated and non-
biostimulated) regarding the length of the first postpartum es-
trous cycle were performed by Chi Square procedure (Epi-
Info®).

Information regarding number of cows showing estrus
within groups, number of estrous periods per group and
number of estrous periods per cow during the first 90 d post-
partum was obtained from the data recorded by HeatWatch®.
Both, the number of cows showing estrus per group and
number of estrus per group during the trial were compared by
Chi-square procedure (Epi-Info®). With regard the number of
estrous periods per cow during the first 90 d postpartum, this
information was statistically analyzed with a model that initially
included group and treatment as independent class variables.
Independent random variables were W1, BCS1, CBW, CW2,
interval from calving to first postpartum estrus, duration of first
postpartum estrus. Examined interaction was group x treat-
ment. Since no differences due to group were observed, data
from biostimulated groups were pooled and further analysis
comprised a statistical model which included treatment and in-
terval from calving to first postpartum estrus. The statistical ap-
proach to analyze these data was analysis of variance using
PROC MIXED of SAS [64].

In the present study, a p-value of P< 0.05 was used to
define statistical significance of every test, while p-values
above P< 0.05 and below P< 0.10 were considered tenden-
cies.
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RESULTS AND DISCUSSION

Intervals from calving to resumption of ovarian activity
and to first behavioral estrus

As shown in TABLE I, the intervals from calving to re-
sumption of ovarian activity and to first behavioral estrus were
shorter in bull-exposed than in non-exposed cows, and no dif-
ferences between bull-exposed groups were found. In addition,
as a marginal finding of this study, it was observed that those
cows which had the heaviest calves by 90 d postpartum had
longer (P< 0.002) intervals to first behavioral estrus than the
others.

Despite the finding agrees with most of available reports,
in several studies [1, 20, 25, 51, 52, 66, 67], discrepancies are
found with regard the effect of bull-exposure on the intervals
from calving to resumption of ovarian activity and to first be-
havioral estrus. Probably reasons for such discrepancies in-
clude lack of consensus with regard the magnitude of the pro-
gesterone rise indicating resumption of postpartum ovarian ac-
tivity [1, 14, 15, 19, 20, 25, 51, 67, 72, 76], intensity of the bi-
ostimulatory effect [e.g., 20,67], reduced sample size [1], nutri-
tion [7, 34, 76], ignoring nutritional interactions with genotype
and parity [25, 51, 52, 67], differences on nutritional demands
between dairy and beef breeds [66, 67], and the negative ef-
fect of high milk yield on the expression of behavioral estrus
[66, 67].

In a recent study, the response to the biostimulatory ef-
fect of bull-exposure was found to be conditioned by the fre-
quency, duration and quantity of stimuli in primiparous Bos tau-
rus beef cows [4]. The effect of parity on the intervals from
calving to resumption of ovarian activity and first postpartum
estrus has been largely reported [2, 68] and it is strongly re-
lated to differences on nutrional requierements between first
calving and mature cows [47, 48]. Meanwhile, the effect of

breed probably relies upon the differences in frame and body
weight (body mass) between small and large breeds which
may be associated to differences in nutritional requirements,
especially during the early postpartum period. The impact of
cow body size on reproductive efficiency has been reported in
both Bos taurus and Bos indicus cattle [11, 53, 81]. High milk
yield has been found in association with a poor estrus expres-
sion [40, 46] which leads to limited detection of estrus. Physical
and/or mechanics difficulties derived from udder volume may
be considered another factor limiting expression of estrus in
lactating dairy cows [80].

Knowledge about mechanisms by which bull-exposure
may reduce the intervals from calving to resumption of repro-
ductive cyclicity and to first postpartum estrus remains limited.
A pheromone signal expelled in body fluids or excretory prod-
ucts has been pointed out to be responsible for triggering the
biostimulatory effect in cattle [3,58]. Although pheromone sig-
nals from urine and sebaceous glands have been reported in
other species [31, 38, 41, 54], in cattle, both the route of emis-
sion and chemo-signal remain unknown. Some researchers
have suggested urine [39, 42] and odors emanating from seba-
ceous glands in perineal zone and hindquarters [6, 79]. Inde-
pendently of the specie and source or signal, class antigens of
the major histocompatibility complex (MHC) seem to be re-
sponsible for these odor signals [69, 70]. The reception and
transport of the pheromone signal is probably initiated via ol-
faction [6] through the vomeronasal organ [29, 36]. However,
mechanisms involving the posterior internalization and transla-
tion of the pheromone signal into the endocrine system are un-
known. Enhanced functionality of early luteal tissue and sub-
luteal and transient progesterone levels have been suggested
to be in relationship with the biostimulatory signal [45].

With regard the influence of suckling on the intervals
from calving to resumption of ovarian activity and first estrus,

TABLE Il
EFFECT OF BIOSTIMULATION ON THE INTERVAL FROM CALVING TO RESUMPTION OF OVARIAN ACTIVITY (ICR) AND
FIRST BEHAVIORAL ESTRUS (ICE) IN POSTPARTUM ANGUS COWS. LEAST SQUARE MEANS + STANDARD ERROR
(LSM + SE) / EFECTO DE LA BIOESTIMULACION SOBRE EL INTERVALO PARTO-REANUDACION DE LA ACTIVIDAD OVARICA Y PRIMER
CELO EXPRESADO. MEDIAS POR MINIMOS CUADRADOS * ERROR ESTANDAR

ICE
Group N LSM + SE (d) N LSM + SE (d)
A (Bio)* 10 39.7 +4.5° 29 451+2.5
B (Bio)* 10 36.3 + 5.0 30 417+25
C (Control) 10 51.0 + 4.5° 24 59.9 + 2.5°
Treat (Bio)* 20 38.1 +3.4° 59 38.1 +3.4"
Control 10 51.0 + 4.4° 24 59.9 + 2.5

(a,c)= Means in a column lacking common superscript differ (P<0.08)
(b,c)= Means in a column lacking common superscript differ (P<0.03)
(d,e)= Means in a column lacking common superscript differ (P<0.02)
(f,g)= Means in a column lacking common superscript differ (P<0.001)
(h,i )= Means in a column lacking common superscript differ (P<0.001)
*= Exposure to bulls from one week postpartum.
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studies investigating the effect of suckling on reproductive
function have concluded that inhibition of LH pulses is a major
reason for delayed resumption of ovarian activity [28, 82].
However, as with previous reports [24], this study suggest that
biostimulation seems to override the negative influence of
suckling. Nevertheless, since cows suckled by the heaviest
calves at 90 d exhibited elapsed intervals from calving to re-
sumption of ovarian activity, our findings also suggest a cut-off
point for the biostimulatory effect by either milk yield or number
of suckling periods. Previous studies have shown a negative
effect of growth rate, milk consumed and number of suckling
periods [30, 68, 74]. However, the effect of biostimulation was
not assessed in parallel with suckling in those studies. To the
authors’s knowledge, there are no studies determining the lim-
its at which biostimulation can overrides or not the negative ef-
fect of suckling or milk yield on intervals from calving to re-
sumption of ovarian activity and to first estrus.

Although scarcely reported, differences in the biostimula-
tory effect due to variation between bulls appear unlikely. Test-
ing a different hypothesis, a previous study [14] did not find dif-
ferences in the interval from calving to first estrus between Bos
taurus beef cows exposed to either young or mature bulls. In
this study, no differences due to bulls were found on the inter-
vals from calving to first estrus or resumption of ovarian activity.

First postpartum estrous cycle length.

Biostimulation influenced the length of the first postpar-
tum estrous cycle. As shown in TABLE IIl, more bull-exposed
cows resumed reproductive cyclicity with estrous cycles of nor-
mal length (18-24 d) than non-exposed cows (P<0.01). Length
of estrous cycle could not be determined in 47% of non-
exposed cows because they did not show estrus, or did not
have a second estrus during the 90 days of the experiment.

A normal estrous cycle is considered to last 18-24 days
[61, 75]. Those cycles with an extent below or above this range
are called short and long cycles, respectively [61]. Although
with some conflictive reports, variability of the estrous cycle

length has been reported to occur due to parity [27], lactation
[27], individual variations [8, 32], genetics [33, 44], genotype X
environment interactions [21], embryo mortality [17], environ-
mental factors [16, 43, 60], and postpartum endocrinology [27,
37, 55].

In both dairy and Bos taurus and Bos indicus beef cows,
resumption of ovarian activity postpartum is usually followed by
estrous cycles of short length [27, 37, 77]. Luteal structures of
limited functionality have been related to the occurrence of
short luteal phases and subsequent short estrous cycles,
which are considered by several researchers to be important
for establishment of normal cyclicity [22, 27, 77]. Nevertheless,
as with others [5, 34], the findings suggest that biostimulation
or administering some external source of progestagens [10,
23, 57, 71] at early postpartum stage may induce cows to re-
sume cyclicity with normal estrous cycles. However, discus-
sions are limited because studies exploring the influence of bi-
ostimulation on the length of the first postpartum estrous cycle
are uncommon.

During early postpartum stages, the uterine environment
is dominated by the presence of oxytocin and PGF,s [9, 18,
78]. Meanwhile, other events include; a sub-optimal preovula-
tory secretion of estradiol [50], reduced concentrations of re-
ceptors for progesterone in uterus [84], and limited capability of
early luteal structures to decrease the concentration of uterine
receptors for oxytocin [23, 35] and to cope with the high levels
of postpartum PGF,g. All together, these events set the sce-
nario for luteolysis and a short estrous cycle, because regula-
tion of uterine receptors for progesterone is controlled by both
estradiol and progesterone [13]). Estradiol promotes an in-
crease of receptors for progesterone while progesterone
down-regulates its own receptors [13].

It appears possible that the early increase in plasma pro-
gesterone observed in male-exposed beef cows [15, 45] and
sheep (Ovis aries) [26] may represent the priming effect from a
corpus luteum with enhanced ability to suppress the PGF,s ef-
fect as suggested by others [23, 35] Such an enhanced ability

TABLE Il
TYPE OF ESTROUS CYCLE AT RESUMPTION OF CYCLICITY AMONG GROUPS. FREQUENCY DISTRIBUTION /
TIPO DE CICLO ESTRAL AL REINICIO DE LA CICLICIDAD ENTRE GRUPOS. DISTRIBUCION DE FRECUENCIAS

n (%)* n (%)* n (%)*
Type of Cycle Group A' Group B' Group C (control)
Normal (18-24 d) 16 (53%)* 16 (53%)° 8 (26.6%) °
Short (< 17 d) 8 (26.6%) 5 (16.6%) 3 (10%)
Long (X 25 d) 3 (10%) 5 (16.6%) 5 (16.6%)
Anestrus 1 (3%) - 6 (20%)

No 2nd estrus** 2 (7%) 4 (13%) 8 (26.6%)

= Exposure to bulls from one week postpartum.

* = Number and percentage of cows within group.

** = Lack of a second estrus prevents knowing type of cycle.
(a,b) Values in a row lacking common superscript differ (P<0.01).
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of the corpus luteum to suppress the PGF,s effect may have
led to cows in this study to resume cyclicity with estrous cycles
of normal length.

Number of estrous periods per cow and per group during
trial

As shown in TABLE IV, more cows from bull-exposed
groups (A: 29/30= 97% and B: 30/30= 100%) showed behav-
ioral estrus than non-exposed cows (C: 24/30= 80%;
P<0.002). Similarly, the total number of estrous periods re-
corded in cows from bull-exposed groups (70 and 68) during
the trial was greater (P<0.0002) than that of cows in the con-
trol group (42). No statistical difference (P>0.05) was deter-
mined between biostimulated groups regarding number of
cows showing estrus and number of estrous periods ob-
served per group. More bull-exposed cows (P< 0.001) had 3
estrous periods during the 90 d following parturition than
non-exposed.

The findings of greater proportion of bull-exposed than
non-exposed cows showing behavioral estrus during the trial
and the greater number of estrous periods per cow observed in
bull-exposed groups compared with controls is in agreement
with others [19, 58]. Likely reason for these findings relies upon

the biostimulatory effect of bull-presence to resume cyclicity
early. Having resumed cyclicity early, chances for additional
estrous periods are greater for bull-exposed cows compared to
non-exposed. Cows having several estrous periods before re-
breeding may represent a positive implication, especially for
those cattle operations with an established breeding season.
To some extent, as the number of postpartum estrous periods
increase, fertility also increases. Thus, it might be expected
that bull-exposed cows become pregnant.

Non-esterified fatty acids (NEFA)

The nutritonal status of cows was assessed by measur-
ing plasma NEFA’s concentration. As shown in TABLE V,
overall plasma NEFA concentration was greater in bull-
exposed than non-exposed cows (P< 0.002). However, as pre-
viously indicated [62, 65] it was within the expected margin for
postpartum cows (0.2-0.3 mmol/lt). Because of calves from
bull-exposed groups were heavier at the end of the study, such
differences in plasma NEFA concentrations more likely oc-
curred because bull-exposed cows were producing more milk
than non-exposed cows. However, to the authors knowledse,
studies assessing the effect of bull-exposure on milk yield at
early stages of lactation are not available.

TABLE IV
NUMBER OF ESTROUS PERIODS WITHIN GROUPS DURING TRIAL. FREQUENCY DISTRIBUTION / NUMERO DE CELOS DENTRO
DE CADA GRUPO DURANTE EL ESTUDIO. DISTRIBUCION DE FRECUENCIAS

n (%)* n (%)* n (%)*
N° Estrous Group A' Group B' Group C (control)
1 2 (7%) 4 (13%) 8 (26.6 %)

2 14 (47%) 14 (47%) 14 (47%)

3 12 (40%)? 12 (40%)? 2 (6.6%)°

4 1(3%) - -
0 1(3%) - 6 (20%)
2 27 (90%)° 26 (87%)° 16 (53%)"

Number and percentage of cows within group.

1= Exposure to bulls from one week postpartum.

(a,b) Values in a row lacking common superscript differ (P<0.001).
(c,d) Values in a row lacking common superscript differ (P<0.0002).

TABLE V
PLASMA NEFA' CONCENTRATION. LEAST SQUARE MEANS + STANDARD ERROR (LSM * SE) / CONCENTRACIONES
PLASMATICAS DE NEFA. MEDIAS POR MINIMOS CUADRADOS * ERROR ESTANDAR

Group N NEFA (mmol/It)
A (Bio)* 10 0.32 +0.02?
B (Bio)* 10 0.30 + 0.02?
C (Control) 10 0.18 + 0.02°

(a,b) Means in a column lacking common superscript differ (P<0.01)
1= Non-esterified fatty acids.
*= Exposure to bulls from one week postpartum.
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CONCLUSION

It was concluded that, the biostimulatory effect of bull-
exposure was not supressed by adequate nutrition and perma-
nent suckling. Cows exposed to bulls at early postpartum peri-
ods showed reduced intervals from calving to resumption of
ovarian activity and first behavioral estrus, resumed cyclicity
with estrous cycles of normal length, and had more estrous pe-
riods during the 90 days previous to the breeding season.
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