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ABSTRACT: Recent studies have suggested that 
the amount of forage intake by calves around the 
time of weaning could affect ruminal pH levels. 
Several studies have also proposed that subacute 
ruminal acidosis in mature cows is a risk factor for 
various metabolic disorders and production dis-
eases. In this study, we examined the effects of for-
age feeding on ruminal pH, ruminal fermentation, 
rumen lipopolysaccharide (LPS) concentration, 
plasma metabolites, and hormonal concentrations 
in calves during pre- and postweaning periods. 
Sixteen male Holstein calves were used. At 7  wk 
of age, calves were randomly assigned to one of 
two dietary treatments: calves in the HAY group 
(n = 8) were fed starter with forage, and those in 
the CON group (n  =  8) were fed starter without 
any forage. All calves were weaned at 8 wk of age. 
The amounts of starter and mixed hay were gradu-
ally increased until the end of the experiment (age, 
11  wk). Ruminal pH was measured continuously 
every 10  min using an indwelling sensor. Rumen 
fluid and peripheral blood samples were obtained 
prior to morning feedings at −1, 0, 1, and 3  wk 
after weaning. Compared with the HAY group, in 
the CON group, the average daily ruminal pH was 

lower (P < 0.05) and the duration of ruminal pH 
values below 5.6 was longer (P < 0.05). Regarding 
ruminal VFA profiles, compared with the HAY 
group, the CON group had lower (P < 0.05) acetate 
to propionate ratios at 1 and 3 wk after weaning. 
Rumen LPS concentrations tended to be higher (P 
< 0.1) in the CON group than in the HAY group; 
however, concentrations of LPS-binding protein, 
haptoglobin, and serum amyloid A in the peripheral 
blood did not differ significantly. Plasma aspartate 
aminotransferase and alkaline phosphatase levels 
were markedly higher (P < 0.05) in the CON group 
than in the HAY group at 1 and 3 wk after wean-
ing. There was a linear decrease in plasma growth 
hormone (GH) levels in the CON group after the 
start of the experiment, and its concentrations 
were lower (P < 0.05) in the CON group than in 
the HAY group at 0 and 3 wk after weaning. The 
results indicated that forage provision during pre- 
and postweaning periods helped prevent decrease in 
ruminal pH, change in ruminal fermentation, and 
liver alteration, and helped maintain plasma GH 
levels, which suggests that calves around the time 
of weaning need forage intake with starter to main-
tain proper metabolic and hormonal functions.
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INTRODUCTION

Holstein calves are provided with starter feed 
soon after birth to promote the shift to solid feed 
and the development of  rumen villus (Sander 
et  al., 1959). Starter feed amounts are increased 
rapidly during weaning and postweaning to avoid 
growth retardation. In contrast, forage feeding rec-
ommendations suggest that <5% total solid feed 
is supplied during weaning transition (Castells 
et  al., 2013). Recent studies have suggested that 
the amount of  forage intake around the time of 
weaning can affect ruminal pH levels (Laarman 
and Oba, 2011; Kim et al., 2016). Thus, the rumi-
nal pH levels of  weaning calves may continue to 
be low if  they are exposed to energy-rich rations, 
resulting in a shortage of  forage intake. In dairy 
cows, subacute ruminal acidosis (SARA) is recog-
nized as the state in which ruminal pH levels are 
depressed for prolonged periods each day because 
of  a buildup of  organic acids in the rumen and 
decreased rumen buffering (Kleen et  al., 2003; 
Plaizier et al., 2009). Several studies have indicated 
that SARA could be a cause of  serious problems 
such as decreased DMI (Allen, 2000) and milk 
production (Enemark, 2008), and diarrhea (Kleen 
et al., 2003). However, available data conflict with 
regard to whether SARA induces increased rumen 
lipopolysaccharide (LPS) and plasma acute phase 
protein concentrations in steers and dairy cows 
(Gozho et al., 2005; Khafipour et al., 2009a,b; Li 
et al., 2012). Additionally, no studies have exam-
ined the impact of  ruminal pH alternation on 
rumen LPS concentrations or metabolic or hormo-
nal function in calves. The aim of this study was to 
determine the effects of  forage feeding on ruminal 
pH, rumen fermentation, rumen LPS concentra-
tions, plasma metabolites, and hormones during 
pre- and postweaning periods.

MATERIALS AND METHODS

The procedures used in this study were carried 
out in accordance with the principles and guidelines 
for animal experimentation issued by the National 
Institute of Livestock and Grassland Science 
Animal Care Committee, which were formulated 
to comply with Japanese regulations (Approval No. 
A201320).

Animals, Management, and Diets

Sixteen Holstein male calves were used in 
this study, and calves underwent rumen cannula-
tion surgery at 4 wk of age. Thereafter, they were 
housed in individual pens bedded with rubber mats, 
had free access to fresh water, and were fed in two 
equal portions at 0800 and 1630 hours. Until 7 wk 
of age, all calves received 600 g 3.6 L−1∙d−1 of milk 
replacer [CP 24.7%, crude fat (CF) 20.9%; Meiji 
Feed Co., Ltd., Tokyo, Japan], 1,200  g/d of pel-
leted calf  starter (CP 22.4%, CF 3.7%; Meiji Feed 
Co., Ltd.), and 200 g/d of mixed hay (orchard and 
timothy hay; CP 10.8%, NDF 56.6%). The nutrient 
composition of the diet is shown in Table 1.

The present study was conducted with 7- to 
11-wk-old calves. At 7  wk of age, calves (77.6  ± 
4.5 kg; mean ± SE) were offered 300 g 1.8 L−1∙d−1 of 
milk replacer, and were randomly assigned to one 
of two dietary treatment groups: HAY group calves 
(n = 8) were fed 1,600 g/d of calf starter and 400 g/d 
of mixed hay, and CON group calves (n = 8) were fed 
1,600 g/d of calf starter without forage provisions, 
until the end of the experiment. All calves were 
weaned at 8 wk of age. Amounts of mixed hay in the 
HAY group were gradually increased from 600 g/d 
at 8 wk of age to 800 g/d at 11 wk of age. Amounts 
of calf starter were also increased from 1,600  g/d 
at 8 wk of age to 2,400 g/d at 11 wk of age in the 
HAY group and from 2,200 to 3,200 g/d in the CON 
group. Both groups were provided with approx-
imately the same amount of DMI of total solid 

Table 1. Nutrient compositions of the milk replacer, 
calf  starter, and mixed hay fed to calves

Composition Milk replacer Calf  starter Mixed hay1

DM, % 96.9 88.1 83.2

DM basis, %    

 CP 24.7 22.4 10.8

 Crude fat 20.9 3.7 1.1

 Ash 5.6 5.1 8.0

 NDF ND2 13.9 56.6

 ADF ND 7.3 33.7

 Starch ND 26.3 2.0

 Ca 0.7 0.7 0.5

 P 0.6 0.4 0.2

1Mixed hay was composed of orchard and timothy hay and fed at its 
original length (not chopped).

2Not determined.
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feed throughout the experimental period and were 
offered a diet equivalent to 100% of their ME and 
CP requirements according to the Japanese Feeding 
Standards for dairy cattle (National Agriculture and 
Food Research Organization, 2017). The total DMI 
or BW of each calf was recorded daily or weekly.

Rumen Fluid and Blood Sampling

Rumen fluid samples were collected through a 
rumen cannula prior to morning feedings at 7, 8, 9, 
and 11 wk of age, namely −1, 0, 1, and 3 wk after 
weaning, respectively. Rumen fluids were immedi-
ately filtered through two layers of sterile cheese-
cloth. For VFA analysis, 2 mL 25% HO3P in 3 N 
H2SO4 were added to 10 mL of filtered rumen fluid 
and stored at −80  °C. Another 2  mL of filtered 
rumen fluid was centrifuged at 9,000 ×g for 30 min 
at 4 °C and stored at −80 °C until rumen LPS con-
centration analyses were performed.

Concurrent with rumen fluid sampling, blood 
samples were obtained from the jugular vein, and 
were collected in vacutainer tubes containing 
sodium heparin (Terumo Corp., Tokyo, Japan) 
and Na2-EDTA (Terumo Corp.). Blood sample 
tubes were immediately mixed with 500 Kallikrein 
Inhibitor Units per milliliter of  aprotinin (Sigma-
Aldrich Japan, Tokyo, Japan), centrifuged at 
2,200 × g for 20 min at 4 °C, and stored at −80 °C 
until analyzed.

Sample Analysis

Total VFA concentrations and VFA molar 
proportions were determined by gas chromatog-
raphy (Model 135; Hitachi Co., Ltd., Tokyo, Japan) 
using a packed glass column (Thermon-3000 5% 
SHINCARBON A 60-80; Shinwa Kako Co. Ltd., 
Kyoto, Japan) as described by Nakamura et  al. 
(2017). Rumen LPS concentrations were deter-
mined as described previously by Hirabayashi 
et al. (2017). Concentrations of plasma total pro-
tein, albumin, glucose, triglyceride, inorganic phos-
phorus, calcium, iron, aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), γ-glutamyl 
transferase, lactate dehydrogenase (LDH), creatine 
kinase (CK), and nonesterified fatty acid (NEFA) 
were measured with an automated analyzer (7070; 
Hitachi Co., Ltd.). Plasma growth hormone (GH) 
and insulin concentrations were determined via 
radioimmunoassay (Kushibiki et  al., 2003), and 
the intra-assay coefficients of measurement vari-
ation were 7.2% for GH and 1.9% for insulin. 
Plasma concentrations of LPS-binding protein 

(LBP) were measured using a commercially avail-
able kit (HK503; HyCult Biotechnology, Uden, the 
Netherlands). Plasma haptoglobin (Hp) concen-
trations were analyzed using a commercial assay 
kit (Cow Haptoglobin ELISA kit; Life Diagnosis 
Inc., Westchester, USA), and concentrations of 
serum amyloid A (SAA) were determined using an 
ELISA kit (Multispecies SAA ELISA kit; Tridelta 
Development Ltd., Maynooth Country Kildore, 
Ireland). Concentrations of plasma tumor necrosis 
factor-α (TNF-α), interleukin-1β, and interferon-γ 
(IFN-γ) were measured using a sandwich ELISA as 
previously described by Kushibiki et al. (2006).

Ruminal pH Measurement and Data Analysis

Ruminal pH was measured using an indwell-
ing sensor (YCOW-S; DKK-TOA Yamagata 
Corp., Yamagata, Japan) that allowed for con-
tinuous measurements to be recorded every 
10  min during the experimental period. The pH 
sensor was placed in the ventral sac of  the rumen 
(Figure 1). Ruminal pH data measured 72 h after 
the sampling day, each week was used to sum-
marize daily minimum, mean, and maximum pH 
values. In addition, the duration of  pH below 5.6 
(min/d) and area under pH 5.6 (min × pH/d) were 
summarized.

Statistical Analysis

The mixed linear model procedure found in 
SAS University Edition (SAS Institute, Inc., Cary, 
NC, USA) was used to determine the effects of 
treatment on characteristics of total DMI, daily 

Figure 1. Photograph of the indwelling ruminal pH sensor (160 mm 
in length and 32 mm in diameter) connected to the cover of the rumen 
cannula by a cord. The sensor was specifically developed for calf  
research based on a radio transmission pH measurement system in 
adults (Sato et al., 2012).
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BW gain, ruminal pH, rumen fluid composition, 
and plasma metabolite composition. The following 
model was used:

�
Yijk = m + Ti + C(T)ij + Wk + TWik + eijk

where Yijk is the observation, m is the overall mean, 
Ti is the effect of treatment, C(T)ij is the random 
variable of a calf nested in treatment, Wk is the 
effect of time or sampling week, TWik is the inter-
action between dietary treatment and time or sam-
pling week, and eijk is the residuals.

When significant interactions between treat-
ment and sampling week were detected, compar-
isons between treatments were evaluated using 
Tukey–Kramer’s test. Least square means and cor-
responding SEM values were computed and pre-
sented. Significance was declared at P < 0.05, and a 
tendency was identified at P < 0.1.

RESULTS

Calves in both groups were fed all their feed 
allowance according to the experimental design. 
Solid and liquid feed intake were equal to the total 
amount of provisions, and DMI did not differ 
between the groups throughout the experiment. 
The daily BW gain in the HAY group did not differ 
from the CON group in any weekly measurements 
(data not shown) or the average of the entire exper-
imental period (0.98 ± 0.08 vs. 1.02 ± 0.08 kg/d for 
the HAY and CON group, respectively). No clini-
cal disorders were observed in the calves during the 
experiment.

Ruminal pH, VFA Profiles, and LPS concentrations 
in Rumen Fluid

Diurnal changes in ruminal pH are shown 
in Figure 2. The effects of  feeding treatment, 
time, and the interaction between them on di-
urnal ruminal pH were significant for all sam-
pling weeks. In the CON group, diurnal changes 
in ruminal pH were lower (P < 0.05) than in the 
HAY group during the experimental period. 
Ruminal pH in the HAY group decreased over a 
2 h period after each feeding, and then recovered 
gradually by the next morning to the same level 
observed the day before. On the other hand, the 
CON group calves did not experience diurnal 
changes in ruminal pH during the experimental 
period, however, ruminal pH levels remained low 
(approximately 5.6) in the CON group.
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Figure 2. Diurnal variations of  the mean ruminal pH in calves fed 
with or without forage at −1, 0, 1 and 3 wk after weaning. Values are 
presented as least square means of  eight calves per group. Calves fed 
starter with forage (HAY group) are represented by a narrow solid 
line. Calves fed starter without any forage provision (CON group) are 
represented by a heavy solid line. The arrows show the feeding time 
at 0800 and 1630 hours. Ruminal pH was measured every 10  min, 
and the data from 72 h after the sampling day were summarized each 
week.
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Variations in ruminal pH parameters are pre-
sented in Table 2. Significant differences were 
observed between the groups in the mean and max-
imum daily pH, the duration of pH values below 
5.6, and area under pH 5.6. There was a significant 
treatment × week interaction effect on the mean 
and maximum daily pH. The mean and maximum 
daily pH values were significantly lower in the CON 
group than in the HAY group throughout the study, 
and there was no difference between the minimum 
daily pH values of the groups. In the CON group, 
the duration of pH values below 5.6 was signifi-
cantly longer than in the HAY group, and the area 
under pH 5.6 was larger.

No difference in total VFA concentration was 
detected between the groups (Table 3); however, 
VFA molar proportions, ruminal acetate and propi-
onate proportions, and acetate to propionate ratios 
were significantly different between the groups. 
There were also significant interaction effects on 
these parameters, except for others proportions. 
At 1 and 3 wk after weaning, ruminal acetate pro-
portions were significantly lower in the CON group 
than in the HAY group; however, ruminal propi-
onate proportions were significantly greater in the 
CON group than in the HAY group. Therefore, ace-
tate to propionate ratios in the CON group were 
lower (P < 0.05) than those in the HAY group at 
1- and 3-wk postweaning.

Rumen LPS concentrations in both groups of 
calves were remarkably high and above 100,000 
endotoxin units (EU)/mL during most sampling 
weeks (Table 3). Concentrations in the CON group 
tended to be higher (P = 0.08) than those in the 
HAY group; no significant effect of treatment × 
week interaction was observed.

Blood Metabolites and Hormones

Figure 3 shows changes in plasma concen-
trations of  acute phase proteins, AST, ALP, and 
LDH in calves fed starter with or without forage. 
Plasma LBP, Hp, and SAA concentrations were 
not affected by forage provisions. There were no 
significant interaction effects on plasma acute 
phase protein concentrations. A significant differ-
ence in plasma ALP concentration was observed 
between the groups and a tendency towards higher 
plasma AST concentration in the CON group was 
observed (P < 0.1). Furthermore, the effects of  the 
treatment × week interaction on plasma ALP and 
AST concentrations were significant. Plasma AST 
and ALP concentrations were markedly higher (P 
< 0.05) in the CON group relative to the HAY 
group 1 and 3  wk after weaning. Plasma LDH 
concentrations were not significantly different 
between the groups, but a significant interaction 
effect was found. Plasma LDH concentration in 
the CON group tended to be higher (P = 0.09) 
than in the HAY group at 3  wk after weaning. 
Plasma concentration of  CK in both groups re-
mained in the normal range, and no differences 
between groups were observed (data not shown). 
Plasma levels of  TNF-α, IL-1β, and IFN-γ in both 
groups were not affected by dietary treatment (data 
not shown).

Figure 4 shows changes in the plasma con-
centrations of glucose, insulin, GH, and NEFA 
in calves fed starter with or without forage. The 
plasma GH level in the CON group declined lin-
early after the start of the experiment. On the con-
trary, plasma GH concentrations in the HAY group 
gradually increased 3 wk after weaning. Significant 

Table 2. Ruminal pH in calves fed with or without forage at −1, 0, 1, and 3 wk after weaning

Week −1 Week 0 Week 1 Week 3   P-value 

Item HAY1 CON2 HAY CON HAY CON HAY CON SEM
Treatment 

(T)
Week 
(W) T × W

Ruminal pH

 Mean pH 6.04a 5.51b 6.35a 5.54b 6.43a 5.61b 6.44a 5.84b 0.10 0.001 0.001 0.022 

 Minimum pH 5.29 5.27 5.59 5.41 5.70 5.50 5.68 5.59 0.10 0.245 0.001 0.734 

 Maximum pH 6.92a 6.03b 7.11a 5.76b 7.12a 5.88b 7.14a 6.23b 0.14 0.001 0.127 0.018 

 Duration3 < pH 5.6, min/d 320.41 985.85 66.00 885.00  44.59 584.60  38.34 487.08 147.45 0.001 0.006 0.438 

 Area < pH 5.6, min × pH/d 58.65 258.15 7.63 230.59 3.56 211.45 5.61 63.21 59.41 0.012 0.031 0.328 

a,bDifferent letters in a row indicate significant effects (P < 0.05) at the same point in a week.
1Calves were fed starter with forage (HAY group).
2Calves were fed starter without any forage provision (CON group).
3If  pH was below 5.6, ruminal pH was considered to be below 5.6 for the following 10 min.

Data are presented as least square means and SEM of eight calves per group.

Ruminal pH was measured every 10 min, and the data from 72 h after the sampling day were summarized each week.
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differences in plasma GH concentrations were 
therefore detected between the groups, and those 
of the CON group were lower (P < 0.05) at 0 and 
3 wk after weaning than those of the HAY group. 
There was a significant effect of treatment × week 
interaction on plasma GH concentrations. The 
difference between the groups was not significant 
for plasma glucose and insulin, however, plasma 
NEFA concentration tended to be higher (P = 0.07) 
in the HAY group than in the CON group. There 
were no significant interaction effects on plasma 
glucose, insulin, or NEFA concentrations. No dif-
ferences were detected between the other metabol-
ites and minerals measured in the two groups (data 
not shown).

DISCUSSION

Weaning is a substantial stress for calves 
(Carroll et al., 2009; Lambertz et al., 2015), which 
can cause lower weight gains (Lambertz et al., 2015) 
and the occurrence of infectious diseases (Callan 
et al., 2002; Snowder, 2009). Generally, calf  starters 
with high palatability and nutrition are fed exces-
sively to promote the shift from liquid to solid feed 
and to avoid growth retardation. However, as the 
amount of starter feed is increased, forage intake 
decreases. Low forage intake during weaning tran-
sition is also associated with a decline in ruminal 
pH (Laarman and Oba, 2011). Moreover, calves 
fed starter without any forage provisions displayed 
low ruminal pH levels on a daily basis during pre- 
and postweaning periods (Kim et al., 2016). In ma-
ture cows, several studies proposed that SARA is a 

risk factor for various metabolic disorders (Nocek, 
1997; Kleen et al., 2003; Stone, 2004) and produc-
tion diseases (Kleen et  al., 2003; Enemark, 2008; 
Plaizier et al., 2009). However, no studies have yet 
examined the effects of forage feeding during the 
pre- and postweaning periods on rumen fermenta-
tion and on the concentrations of metabolites and 
hormones in plasma.

In our study, ruminal pH levels in the HAY 
group showed diurnal changes in response to feed-
ing. In contrast, ruminal pH levels in the CON 
group did not exhibit these diurnal changes, but 
pH levels remained low. Ruminal pH variation 
in the CON group was similar to that found in a 
previous study (Kim et al., 2016). In mature cows, 
SARA is defined as the maintenance of  a rumi-
nal pH below 5.6 for more than 180 min per day 
(Gozho et  al., 2005); however, the standard for 
calves has not been defined. When the definition 
of  SARA in mature cows was applied to our study, 
SARA was found in calves in the CON group 
throughout the experiment. The duration of  rumi-
nal pH values below 5.6 in the HAY group was 
above 180  min/d before weaning, and it notably 
decreased after weaning. Our data for ruminal pH 
in the HAY group might have been influenced by 
increased forage intake. During the weaning tran-
sition, a negative correlation between the amount 
of  forage intake and the duration of  ruminal pH 
values below 5.6 was associated with increased 
rumination time and the stimulation of  saliva se-
cretion (Laarman and Oba, 2011); this finding 
suggests that it is also applicable in the postwean-
ing period.

Table 3. Rumen fermentation variables and lipopolysaccharide (LPS) concentrations in calves fed with or 
without forage at −1, 0, 1, and 3 wk after weaning

Week −1 Week 0 Week 1 Week 3   P-value 

Item HAY1 CON2 HAY CON HAY CON HAY CON SEM
Treatment 

(T)
Week 
(W) T × W

Total VFA, mmol/L 72.99 82.98 82.55 78.31 76.14 84.28 90.79 88.44 10.21 0.812 0.326 0.631 

VFA proportions, mol/100mol            

  Acetate 58.70 57.04 56.40 53.60 62.70a 49.36b 61.20 a 50.24b 1.87 0.001 0.274 0.001 

  Propionate 28.98 28.19 29.16 34.54 23.81a 37.15b 23.26a 36.63b 2.40 0.009 0.337 0.001 

  Butyrate 7.85a 10.76b 8.90 7.70 8.44 7.81 10.27 8.05 0.92 0.780 0.208 0.001 

  Others3 4.47 4.03 5.54 4.17 5.05 5.69 5.27 5.12 0.45 0.466 0.021 0.070 

Acetate/propionate 2.14 2.24 2.10  1.62  2.86a  1.38b  2.77a 1.49b 0.26 0.014 0.320 0.001 

Rumen LPS, EU/mL 123,995 108,694 95,698 267,703 116,739 247,327 126,758 317,188  63,331  0.081  0.245  0.196 

a,bDifferent letters in a row indicate significant effects (P < 0.05) at the same point in a week.
1Calves were fed starter with forage (HAY group).
2Calves were fed starter without any forage provision (CON group).
3Valerate and isovalerate.

Data are presented as least square means and SEM of eight calves per group.
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In the present study, the total VFA concentra-
tion in the CON group did not differ from that of 
the HAY group. Previous studies in calves showed 
that total VFA concentrations were not increased 
by the increased consumption of  calf  starter 
(Kim et  al., 2016) or changes in dietary starch 

concentration (Laarman et al, 2012), but ruminal 
pH levels decreased. Briefly, decreased ruminal pH 
is not always followed by high total VFA concen-
trations in rumen fluid, and our results for VFA 
concentrations in the CON group are consistent 
with previous studies. The acetate proportion of 
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Figure 3. Plasma concentrations of LPS-binding protein (LBP), haptoglobin (Hp), serum amyloid A (SAA), aspartate aminotransferase (AST), 
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tendency toward significance between the groups at the same point in a week.
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the ruminal VFA molar proportions was lower 
(P < 0.05), and the propionate proportion was 
greater (P < 0.05) in the CON group than in the 
HAY group. Consequently, the acetate-to-propi-
onate ratio in the CON group was significantly 
lower than that of  the HAY group. When highly 
fermentable carbohydrates, such as concentrated 
feed, were given excessively to dairy Holstein 
cows, higher propionate proportions, and lower 
acetate-to-propionate ratios were observed than 
in control cows (Khafipour et al., 2009a; Li et al., 
2012). In the CON group, it is likely that the 
increased starter intake during the weaning period 
affected the propionate proportion, causing the 
lower acetate-to-propionate ratio.

Rumen LPS concentrations in the CON group 
tended to be higher (P < 0.1) than in the HAY group. 
Previous studies suggested that persistent low rumi-
nal pH was related to high rumen LPS concentra-
tions in adult steers and lactating cows (Gozho 
et al., 2005; Khafipour et al., 2009a). Another study 

suggested that rumen LPS concentrations in lactat-
ing cows had marked individual differences, and 
these differences were especially prominent when 
cows were fed high-energy diets (Hirabayashi et al., 
2017). High levels of rumen LPS concentrations in 
the CON group (P < 0.1) might be connected to 
decreased ruminal pH values. However, a statisti-
cal difference between rumen LPS concentrations 
in the two groups was not detected because indi-
vidual differences in both groups were considera-
ble. In the HAY group, rumen LPS concentrations 
also remained at high levels (above 100,000 EU/
mL). These values were equivalent to, or greater 
than, the levels observed in lactating and nonlactat-
ing Holstein cows with induced SARA (Khafipour 
et  al., 2009b; Li et  al., 2012). To our knowledge, 
this is the first report of rumen LPS concentra-
tions during pre- and postweaning periods. The 
ruminal bacterial flora of Holstein calves at 2 d old 
was at the same density as in mature cattle (Minato 
et al., 1992). In contrast, fluid flow from rumen to 
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reticulum is slower in calves than in adults, because 
the ruminal fractional passage rate is positively cor-
related with the solid feed intake and rumen vol-
ume (Berends et  al., 2015). Therefore, the higher 
base value of the rumen LPS concentration in our 
experiment calves, compared with other reports on 
cattle, may have resulted from the stagnation of the 
rumen. However, the actual mechanism remains to 
be determined.

Plasma AST and ALP concentrations in the 
CON group were significantly greater than in the 
HAY group after weaning. On the other hand, 
plasma CK concentrations in the CON group did 
not differ from those in the HAY group. These data 
suggest that the concentrations observed in the 
CON group calves were caused by inflammation in 
the liver. However, there was no difference between 
the groups with regard to plasma concentrations 
of acute phase proteins and cytokines. In induced 
SARA experiments using lactating cows, increased 
rumen LPS concentrations were not always accom-
panied by increased blood concentrations of acute 
phase proteins (Khafipour et al., 2009b; Li et al., 
2012; Chiquette et al., 2015). Although the report 
revealed increased plasma AST concentrations 
in heifers with induced SARA (Marchesini et  al., 
2013), there is little information about the changes 
in plasma hepatic enzymes when rumen LPS con-
centrations increase.

Plasma GH concentrations in the CON group 
were significantly lower than in the HAY group. 
Previous studies indicated that increased rumi-
nal propionate proportions restrained plasma GH 
concentrations in sheep (Matsunaga et  al., 1997). 
Additionally, decreased levels of plasma GH in 
sheep were maintained in a dose-dependent man-
ner associated with the proportion of concentrate 
in the diet (Hagino et  al., 2005). In the present 
investigation, the ruminal propionate proportion in 
the CON group was greater than that of the HAY 
group. It is possible that the decreased plasma GH 
concentrations in the CON group were related to 
the restriction of forage provisions and changes in 
ruminal VFA molar proportions.

In conclusion, we demonstrated that forage 
feeding with starter during pre- and postweaning 
periods helped prevent depression of ruminal pH, 
changes in rumen fermentation, and liver altera-
tions, and maintained plasma GH levels in calves. 
Our results suggest that calves need forage intake 
with starter around the time of weaning to main-
tain their metabolic and hormonal functions. 
However, the long-term effects of nutritional man-
agement or SARA during such periods on future 

growth responses or on general health require fur-
ther investigation.
Conflict of interest statement. None declared.
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