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Abstract.  The aim of our study was to investigate the effects of suckling on reproductive performance and metabolic
status of obese (mean body condition score of more than 4.0 on a scale of 1–5) maternal Japanese Black cows during
early postpartum period.  We used 7 postpartum Japanese Black cattle.  Four cows were suckled ad libitum (suckled)
until completion of their first artificial insemination (AI), while 3 cows were not suckled at all because they were
separated from their calves immediately after parturition (non-suckled).  Body weight and plasma concentrations of
metabolites and hormones were measured from wk 1 to 9 postpartum.  Ovarian activity was detected using plasma
progesterone concentration, and all cows received their first AI after application of the Ovsynch protocol at
approximately 4 months postpartum.  Although body weights of non-suckled cows increased during experimental
period (P<0.05), those of suckled cows remained unchanged.  Plasma concentrations of glucose of non-suckled cows
were higher at wk 2 postpartum (P<0.05) and their levels of non-esterified fatty acid tended to be lower at wk 1 and 2
postpartum compared with suckled cows (P<0.1); however, these differences between groups were not observed with
progression of postpartum period.  In addition, plasma insulin concentrations of non-suckled cows were higher than
those of suckled cows during experimental period (P<0.05).  During sampling period (wk 0 to 9 postpartum), onset of
normal ovarian cycle was observed in all non-suckled and 2 of 4 suckled cows, and it was delayed in other 2 suckled
cows compared with non-suckled cows; however, 3 suckled cows conceived at the first AI after application of the
Ovsynch protocol; none of non-suckled cows conceived at this time.  Overall, we suggest that suckling seems to reduce
increase of body weight after parturition, although it does not improve obesity, and influences conception despite delay
in resumption of normal ovarian cyclicity in obese Japanese Black cows.
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uckling reduces release of gonadotropin-releasing hormone
(GnRH) [1, 2], secretion of luteinizing hormone (LH) [3, 4]

and LH pulses [5], and therefore suckled cows have an extended
period of anovulation and anestrous after parturition [6, 7].  In addi-
tion, their energy status also influences reproductive performance.
Restricted energy intake, which is induced by pregnancy, parturi-
tion, onset of lactation and the stress of suckling, during the
peripartum period induces reduced reproductive performance [8].
On the other hand, obesity in beef cows is associated with insulin
resistance [9].  Insulin resistance may induce anestrus because it is
an important factor in ovarian activity [10–12].  In beef cows,
reduced reproductive performance is directly linked to decreased
economical efficiency of the herd.  Based on energy status and
reproductive performance, we hypothesize that suckling may help
obese beef cows to recover from their obese condition after parturi-
tion.  The effects of suckling on the reproductive performance and
energy status of obese maternal Japanese Black cows are unclear

because this situation would not normally occur in maternal beef
cows under standard farming conditions.  Therefore, the aim of the
present study was to investigate whether suckling influences the
reproductive performance and metabolic status of obese maternal
Japanese Black cows during the early postpartum period.

Materials and Methods

The experimental procedures complied with the Guide for Care
and Use of Agricultural Animals of Obihiro University.

Animals
This experiment was carried out at the Field Center of Animal

Science and Agriculture, Obihiro University of Agriculture and
Veterinary Medicine.  We used 7 postpartum Japanese Black cattle
(5 primiparous and 2 multiparous cows, parity: 1.4 ± 0.7) between
June and October 2006.  All cows calved toward the end of June.
Body weight, body height and body condition score at wk 1 post-
partum were 560.6 ± 97.3 kg, 132.4 ± 4.6 cm and 4.3 ± 0.3,
respectively.  The cows were classified into two groups (suckled
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cows, n=4; non-suckled cows, n=3).  They were suckled ad libitum
from parturition to completion of their first artificial insemination
(AI).  The non-suckled cows were immediately separated from
their calves after calving.  We collected samples from wk 1 to 9
postpartum, with the period of 0–6 days after parturition regarded
as wk 1 postpartum.  In October, we confirmed the presence of cor-
pora lutea in the ovaries of all the cows, and they received their first
AI after application of the Ovsynch protocol (d 0, GnRH; d 7,
PGF2α; d 9, GnRH; d 10, AI) at approximately 4 months postpar-
tum.  The cows and calves were housed in a paddock, offered
timothy hay (54.1% DM for TDN and 12.5% DM for CP) and
grazed from 0900 to 1600 h during the experimental period.

Sampling
Body weight was measured once a week from wk 1 to 9 postpar-

tum using a scale.  Blood samples were obtained by caudal
venipuncture after measurement of body weight using heparinized
5 ml tubes (Venoject II, VP-H050K; Terumo, Tokyo, Japan) for
biochemical analysis once a week and using sterile 10 ml tubes
containing 200 µl of stabilizer solution (0.3 M EDTA and 1%
acetyl salicylic acid, pH 7.4) for hormonal analysis twice weekly
during the same period.  These tubes were centrifuged at 3,000 rpm
for 20 min at 4 C, and the plasma samples were kept at –30 C until
biochemical and hormonal analyses.

Definition of ovarian activity
When a cow’s plasma progesterone (P4) concentration increased

to more than 1 ng/ml, the cow was confirmed as having returned to
luteal activity [13].  Luteal phases were considered normal if the
plasma P4 concentration for at least 3 time points (more than 7
days) was more than 1 ng/ml and at least 2 of these time points
were more than 2 ng/ml [14].  An ovarian cycle was considered
normal if its luteal phase was normal [14], and the day the plasma
P4 concentration increased to more than 1 ng/ml was considered the
day of initiation of a normal ovarian cycle.

Measurement of P4, growth hormone (GH), insulin-like growth 
factor-I (IGF-1) and insulin

Plasma P4 concentrations were determined by enzyme immu-
noassay (EIA) after extraction using diethyl ether as described
previously [15]; the extraction efficiency was 93%.  The standard
curve ranged from 0.05 to 50 ng/ml, and the ED50 of the assay was
3.2 ng/ml.  The mean intra- and interassay coefficients of variation
(CVs) were 6.7 and 7.2%, respectively.

The plasma GH, IGF-1 and insulin concentrations were deter-
mined by EIA using the biotin-streptavidin amplification
technique.  The GH concentration was measured by EIA as
described previously [16].  The standard curve ranged from 0.78 to
100 ng/ml, and the ED50 of this assay system was 6.2 ng/ml.  The
intra- and interassay CVs were 8.1 and 8.5%, respectively.  The
total plasma IGF-1 concentration was determined by EIA [12] after
protein extraction using acid-ethanol (87.5% ethanol and 12.5% 2
N hydrochloric acid) to obtain IGF-1 free from binding proteins
[17].  The IGF-1 standard curve ranged from 0.39 to 50 ng/ml.  The
intra- and interassay CVs were 5.7 and 6.6%, respectively, and the
ED50 of this assay system was 2.5 ng/ml.  Insulin concentrations

were determined by EIA [12].  The standard curve ranged from 39
to 5,000 pg/ml.  The intra- and interassay CVs were 9.7 and 14.5%,
respectively, and the ED50 of this assay system was 800 pg/ml.

Biochemical analyses
In each sample, the concentrations of glucose, total cholesterol

(T-cho), non-esterified fatty acid (NEFA), 3-hydroxybutyric acid
(3HB), aspartate aminotransferase (AST) and gamma-glutamyl
transpeptidase (γ-GTP) were measured using a clinical chemistry
automated analyzer (TBA120FR, Toshiba Medical Systems,
Otawara, Japan).

Statistical analysis
All biochemical, hormonal, and body weight data were analyzed

by repeated measures ANOVA.  There was interaction between
group and time for body weight, glucose, NEFA and IGF-1
(P<0.05); therefore, mean values of these data were calculated for
each group and each sampling period, and significant differences
were analyzed by Student’s t-test.  For other data, no significant
interaction between group and time was observed.  For the interac-
tion of normal ovarian cycles, we were unable to identify any
significant differences because less than three suckled cows
resumed normal ovarian cyclicity during the experimental period.
The results are expressed as the mean ± standard deviation (SD).
Differences of P<0.05 were considered significant.

Results

Body weight and metabolic status of the suckled and non-
suckled cows during the sampling period

Fig. 1 shows the actual body weights, changes of body weight
when the body weight during wk 1 postpartum was regarded as
100% and body condition scores of the suckled and non-suckled
cows throughout the sampling period.  The actual body weights and
body condition scores did not differ between the two groups
because the body size of each cow varied.  However, the body
weights of the non-suckled cows when body weight during wk 1
postpartum was regarded as 100% were greater than those of the
suckled cows throughout the experimental period (P<0.05).
Although the body weights of the non-suckled cows when body
weight during wk 1 postpartum was regarded as 100% increased
with progression of the postpartum period (P<0.05), those of the
suckled cows were unchanged during the sampling period.  The
increase in body weight from wk 1 postpartum to the first AI after
application of the Ovsynch protocol for the suckled and non-suck-
led cows were 5.0 ± 3.9 and 29.0 ± 11.4 kg, respectively (P<0.05,
Table 1).

The concentrations of metabolites and metabolic hormones are
shown in Figs. 2 and 3, respectively.  The plasma concentrations of
glucose of the non-suckled cows were higher at wk 2 postpartum
than those of the suckled cows (P<0.05), and the plasma NEFA
concentrations of the suckled cows tended to be higher than those
of the non-suckled cows at wk 1 and 2 postpartum (P<0.1); how-
ever, no differences were observed between the suckled and non-
suckled cows with progression of the postpartum period.  The lev-
els of other metabolites were the same for the suckled and non-
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suckled cows throughout the sampling period (Fig. 2).  The plasma
concentrations of IGF-1 of the non-suckled cows at wk 2 postpar-
tum were higher than those of the suckled cows, although the
plasma IGF-1 concentrations at the end of the sampling period
were higher in the suckled cows than in the non-suckled cows (Fig.
3).  In addition, the plasma insulin concentrations were higher in
the non-suckled cows than in the suckled cows throughout the sam-
pling period (P<0.05, Fig. 3).  The plasma concentrations of GH
were similar between the suckled and non-suckled cows (Fig. 3).

Resumption of ovarian cycles and conception at the first AI 
after application of the Ovsynch protocol in the suckled and 
non-suckled cows

Two suckled cows and 3 non-suckled cows resumed normal
ovarian cycles during the sampling period [wk 0 to 9 postpartum
(Fig. 4)].  The weeks of initiation of normal ovarian cycles for the 2
suckled cows and 3 non-suckled cows were 7.0 ± 0.5 and 3.3 ± 0.2
weeks postpartum, respectively (Table 1).  All cows received their
first AI after application of the Ovsynch protocol, and the mean
number of days to first service was 117.3 ± 3.4 days postpartum.
Consequently, conception was confirmed for 3 suckled, but no non-
suckled, cows at their first AI after application of the Ovsynch pro-
tocol (Table 1).

Discussion

This study investigated the effects of suckling on the reproduc-
tive performance and metabolic status of obese (mean body
condition score of more than 4.0) maternal Japanese Black cows
during the early postpartum period.  Our data showed that the
energy status, indicated by the plasma concentrations of glucose
and NEFA, of the suckled cows was lower than that of the non-
suckled cows at the several time points during the early postpartum
period, although this difference disappeared with progression of the
postpartum period.  Under such an energy status, our data also
showed that the body weights of the non-suckled cows increased
gradually after calving, whereas they did not change in the suckled
cows.

In Japanese Black cows, secretion of GH and insulin remains
essentially unchanged between the lactation and non-lactation peri-
ods because Japanese Black cows produce only one-tenth the total
milk production of Holstein cows [18]. On the other hand, a previ-
ous study showed that the plasma NEFA concentrations of suckled
cows fed diets supplying 100% of their energy requirements did not
change after calving and that suckled cows fed diets supplying 70%
of their energy requirements had a low energy status (higher
NEFA, and lower glucose and insulin) compared with cows fed
sufficient energy [19]. Although we did not measure the actual
energy intake of individual cows in this study, the intake of suckled
cows may be restricted by suckling; therefore, we surmised that the
energy status during the early postpartum period was low in the
suckled cows compared with the non-suckled cows.

We observed that the plasma IGF-1 concentrations of the non-
suckled cows were higher at wk 2 postpartum and lower at the end
of the experimental period compared with the suckled cows.  The
plasma concentration of IGF-1 is changed by acute feed intake [20–
22] and the estrous cycle [14, 23].  The energy status of the non-
suckled cows at wk 2 postpartum was better than that of the suckled
cows in this study.  Moreover, onset of luteal activity in the non-
suckled cows was confirmed at wk 3.3 postpartum.  Therefore, we
surmised that the higher energy status and timing of ovulation
influenced the higher plasma IGF-1 concentration at wk 2 postpar-
tum in the non-suckled cows, although there were no clear
differences in the plasma concentrations of IGF-1 at the end of the
experimental period between the two groups.

A previous study reported that LH pulse activity decreases in

Fig. 1. Change of actual body weight, body weight when body weight at
wk 1 postpartum was regarded as 100 % and body condition score
in suckled (n=4) and non-suckled (n=3) cows during the sampling
period (mean ± SD).  There was interaction between group and
time (P<0.05) for the change of body weight when body weight at
wk 1 postpartum was regarded as 100%.  The body weights of the
non-suckled cows when body weight at wk 1 postpartum was
regarded as 100% increased with progression of the postpartum
period (P<0.05), and that of the suckled cows was unchanged
during the experimental period.  The symbols * and † indicate
differences of P<0.05 and P<0.1 between the suckled and non-
suckled cows, respectively.
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suckled rather than non-suckled postpartum cows [6] because suck-
ling suppresses pulsatile LH release by inhibiting GnRH discharge
from the hypothalamus [1, 2].  Therefore, resumption of ovarian
activity in suckled cows is delayed compared with non-suckled
cows [6, 7].  In the present study, onset of a normal ovarian cycle
was observed in all non-suckled and 2 of 4 suckled cows, and initi-
ation of a normal ovarian cycle was delayed in the other 2 suckled

cows compared with the non-suckled cows.  This data supports the
results of previous studies [6, 7], although we did not measure the
LH pulse in this study.  However, conception was confirmed in 3
suckled, but no non-suckled, cows at the first AI after application
of the Ovsynch protocol, although we confirmed the presence of a
corpus luteum and carried out the first AI after application of the
Ovsynch protocol.  In the present study, the body weights of the

Table 1. Initiation of normal ovarian cycles during the experimental period, conception and increase of body weight from wk 1 postpartum to the first AI
after application of the Ovsynch protocol in suckled and non-suckled cows

Suckled cows (n=4) Non-suckled cows (n=3)

Number of cows resuming normal ovarian cycles during the experimental period 2/4 3/3
Initiation of normal ovarian cycles (week) 7.0 ± 0.5† 3.3 ± 0.2
Number of cows with confirmed the conception at the first AI after application of the Ovsynch protocol 3/4 0/3
Increase of body weight from wk 1 postpartum to the first AI after application of the Ovsynch protocol (kg) 5.0 ± 3.9a 29.0 ± 11.1b

Values are means ± SD.  a, b: Differences of P<0.05 between the suckled and non-suckled cows.  †: Average data for 2 cows resuming normal ovarian cycles
during the exprimental period.

Fig. 2. Metabolites of the suckled (n=4) and non-suckled (n=3) cows during the sampling period (mean ± SD).  A significant interaction between group
and time was observed for glucose and NEFA (P<0.05).  The symbols * and † indicate differences of P<0.05 and P<0.1 between the suckled and
non-suckled cows, respectively.  There were no differences in the other metabolites between the suckled and non-suckled cows.

Fig. 3. Metabolic hormones of the suckled (n=4) and non-suckled (n=3) cows during the sampling period (mean ± SD).  A significant interaction between
group and time was observed for IGF-1 (P<0.05).  The symbols * and † indicate differences of P<0.05 and P<0.1 between the suckled and non-
suckled cows, respectively.  The plasma insulin concentrations of the non-suckled cows were higher than those of the suckled cows during the
sampling period (P<0.05).  The plasma GH concentration did not differ between the suckled and non-suckled cows. 
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non-suckled cows increased after parturition, and their body
weights at the first AI after application of the Ovsynch protocol
increased by 29.0 ± 11.4 kg compared with those at wk 1 postpar-
tum.  On the other hand, the body weights of the suckled cows
increased by 5.0 ± 3.9 kg.  In addition, the plasma insulin concen-
trations were higher in the non-suckled cows than in the suckled
cows during the experimental period.  The plasma insulin concen-
tration is high in obese cows, and obesity is associated with insulin
resistance [9].  Abnormal insulin secretion from the pancreas may
reduce ovarian function because insulin is a stimulators of secretion
of estradiol-17β in granulosa cells [10, 11] and of proliferation of
follicular cells [24, 25].  Therefore, we hypothesized that concep-
tion was prevented in the non-suckled cows by their greater obesity
and higher insulin secretion compared with the suckled cows.  In
addition, uterine involution proceeds more rapidly in suckled cows
than in non-suckled cows [7].  Thus, a difference in uterine involu-
tion after parturition between the suckled and non-suckled cows
may have affected the conception in this study.  Further studies are
necessary to investigate the effects of obesity on metabolic status,

such as insulin resistance, the mechanisms of infertility and the
effects of suckling on uterine involution in obese Japanese Black
cows.

In conclusion, we suggest that suckling seems to reduce increase
of body weight after parturition, although it does not improve obe-
sity, and influence conception despite a delay in resumption of
normal ovarian cyclicity in obese Japanese Black cows.
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