Open Access L)

R ) X Check for
Asian-Australas J Anim Sci | urdates

Vol. 30, No. 11:1557-1562 November 2017
https://doi.org/10.5713/ajas.16.0981
pISSN 1011-2367 elSSN 1976-5517

AJAS

Asian-Australasian Journal of Animal Sciences

Effects of various weaning times on growth performance, rumen
fermentation and microbial population of yellow cattle calves

Huiling Mao', Yuefeng Xia', Yan Tu?, Chong Wang"*, and Qiyu Diao’

* Corresponding Author: Chong Wang
Tel: +86-571-63741753, Fax: +86-571-63748615,
E-mail: wangcong992@163.com

"College of Animal Science and Technology, Zhejiang A
and F University, Lin'an 311300, China

2 Key Laboratory of Feed Biotechnology of Ministry of
Agriculture Feed Research Institute, Feed Research
Institute Chinese Academy of Agricultural Sciences,
Beijing 100081, China

Submitted Dec 25, 2016; Revised Jan 18, 2017;
Accepted Mar 21, 2017

Objective: This study was conducted to investigate the effects of weaning times on the growth
performance, rumen fermentation and microbial communities of yellow cattle calves.
Methods: Eighteen calves were assigned to a conventional management group that was normally
weaned (NW, n = 3) or to early weaned (EW) group where calves were weaned when the feed
intake of solid feed (starter) reached 500 g (EW,y,, n =5), 750 g (EW 5, n = 5), or 1,000 g (EW oy,
n=>5).

Results: Compared with NW, the EW treatments increased average daily gain (p<0.05). The
calves in EW,,, had a higher (p<0.05) starter intake than those in EW, , from wk 9 to the end
of the trial. The concentrations of total volatile fatty acids in EW,; were greater than in NW and
EW, 4 (p<0.05). The EW treatments decreased the percentage of acetate (p<0.05). The endogen-
ous enzyme activities of the rumen were increased by EW (p<0.05). EW had no effect on the
number of total bacteria (p>0.05), but changes in bacterial composition were found.
Conclusion: From the present study, it is inferred that EW is beneficial for rumen fermentation,
and weaning when the feed intake of the starter reached 750 g showed much better results.

Keywords: Weaning Time; Yellow Cattle Calves; Growth Performance; Rumen Fermentation;
Microbial Population

INTRODUCTION

The early weaning of calves has many advantages over prolonged feeding with milk or milk re-
placements. And these advantages are highly efficient growth and improved feedlot performance
[1] and carcass quality [2]. On the other hand, weaning calves early could also shorten the post-
partum resumption of reproduction in dams [3].

Nevertheless, although a higher feed conversion ratio can be obtained through early weaning,
an appropriate weaning time is the key link to early weaning techniques. If calves are weaned too
early and the supplied feed is inappropriate, the death rate of the calves can increase. Additionally,
if calves are weaned too late, the cost of nurturing them increases, and the development of their
digestive organs becomes retarded, affecting the productive performance of the adult cattle.

Decades of research have focused on the weaning time of ruminants [4]. These efforts have
focused almost exclusively on growth and productive performance. However, studies on the
ruminal compartment of calves, as influenced by the weaning time, are limited. The rumen com-
partment of the ruminant digestive tract is an enlarged fermentation chamber housing a diverse
collection of symbiotic microorganisms that provide the host animal with a remarkable ability to
digest lignocellulosic plant materials [5]. Furthermore, ruminal microbes can ferment solid feeds
to produce volatile fatty acids, which subsequently stimulate the morphological development of
the rumen [6]. Lengemann and Allen [7] reported that prolonged milk feeding was found to
delay the onset of typical ruminal microflora. Thus, this study addresses the effect of various
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weaning times on the rumen fermentation and microbial com-
munities of beef calves, and the objective was to find a suitable
weaning time for calves from the perspective of the rumen.

MATERIALS AND METHODS

Animals, feeds, and experimental design

All experimental protocols were approved by the Animal Care
Committee, Zhejiang A and F University, Hangzhou-Linan, China.
And the experimental procedures used in this study were in ac-
cordance with the university’s guidelines for animal research.
Eighteen neonatal female beef calves (yellow cattle in South China)
were used in this study. Three lived with their dam and were
weaned as normal at 240 d (NW, n = 3), serving as the control.
The control animals sucked their cow's milk and had free access
to the grass. The others composed the early weaned (EW) treat-
ments where the calves were weaned when the feed intake of solid
feed (starter) reached 500 g (EW, n =5), 750 g (EW,5, n = 5),
and 1,000 g (EW | 4o, 0 = 5) for three consecutive days, respec-
tively. All calves had colostrum within 4 hours of birth, and the
EW calves were fed fresh milk up to 2 L/d until d 7. A liquid feed
comprising half fresh milk and half milk replacer (MR, 93.2%
dry matter, 23.9% crude protein [CP], and 13.1% ether extract,
Patent No: ZL02 128844.5; dissolved by approximately 38°C water
at w:v = 1.7 before using) was fed to the calves at a maximum
rate of 3 L/d until d 13 and then 3 L/d MR for the remainder of
the study. Dry feed starter (Pellet, 6 mm diameter and 10 mm
long) was fed twice daily at 0900 and 1600 h. The starter contained
58.5% corn, 27.0% soybean meal, 10.0% wheat bran, 1.0% salt,
1.1% dicalcium phosphate, 1.4% limestone, and 1.0% premix. The
chemical composition of the starter was 17.9% CP, 10.9 MJ/kg
metabolizable energy, 20.7% neutral detergent fiber, 4.5% acid
detergent fiber, 0.8% Ca, and 0.6% P. The premix provided a per
kg of pellet diet as follows, vitamin A 15,000 IU, vitamin D 5,000
IU, vitamin E 50 mg, Fe 90 mg, Cu 12.5 mg, Mn 60 mg, Zn 100
mg, Se 0.3 mg, I 1.0 mg, and Co 0.5 mg. Starter, grass hay and
water were available ad libitum. The starter was formulated to
meet the nutrient requirements of beef cattle according to the
Chinese feeding standard (China Standard NY/T 815).

Growth performance

The amounts of milk, MR, starter and hay intake were recorded
daily. All calves were weighed on the first morning of the 1st week
after birth and every 4 weeks. The average daily gain (ADG) was
calculated based on the weights.

Rumen fermentation parameters

After the calves were weaned, an oral stomach tube was used to
collect the rumen fluid samples before morning feeding from all
calves [8] to analyze the rumen fermentation parameters, ruminal
enzyme activity and microbial communities. The pH of the ru-
men liquor was determined using a pH meter (Model PB-20,
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Sartorius). The ammonia N concentration was determined by
a spectrometer (Model 721) using colorimetry with NH,Cl solu-
tion as a standard. For the determination of volatile fatty acids
(VFAs), a 2 mL sample of the fermentation medium was placed
in centrifugal tubes, mixed uniformly with 0.5 mL of 25% ortho-
phosphoric acid, and then centrifuged at 10,000 rpm for 10 min.
The supernatant was analyzed using gas chromatography (GC-8A,
Shimadzu Corp., Kyoto, Japan). The temperature of the injector/
detector and the column were 260°C and 220°C, respectively.
The concentrations of microbial crude protein (MCP) were esti-
mated using a purine method as described by Makkar and Becker
[9].

Enzyme activities

The rumen content samples were submitted to ultrasonic dis-
integration in an ice bath for 10 min (3 s for work, 5 s for rest) at
20 kHz. The resultant samples were subjected to centrifugation
at 28,000 g for 20 min at 4°C. The clear supernatant was used
for determining ruminal hydrolytic enzyme activity. Cellulose,
xylanase and amylase activities (mol of sugar released/h per
gram of total ruminal content dry matter) were determined ac-
cording to Martin [10] by measuring the release of reducing
sugars from the substrates (carboxymethy cellulose [CMCase],
microcrystalline cellulase [MRCase], xylan and starch, Sigma-
(9481, Sigma-MKBB4236, Sigma-X4252, and Sigma-S4126) for
30 min at 39°C with 0.2 mL of substrate and 0.1 mL of enzymatic
sample. After that, 0.4 mL 3,5-dinitrosalicylic acid was added to
the mixture, which was then incubated for 5 min at 100°C to stop
the hydrolysis reaction. The reducing sugars were quantified by
spectrophotometry at 540 nm after the reaction [11].

Total DNA extraction and real-time quantitative polymerase
chain reaction

Microbial DNA was extracted using the bead-beating method
described by Gagen [12]. All DNA samples were quantified using
Qubit 2.0 (Invitrogen, Waltham, MA, USA). The amplifying pri-
mer sets of total bacteria, Fibrobacter succinogenes (E succinogenes),
Ruminococcus albus (R. albus), Ruminococcus flavefaciens (R. flav-
efaciens), and Butyrivibrio fibrisolvens (B. fibrisolvens) are listed
in Table 1. Absolute quantitative real-time polymerase chain re-
action (PCR) was performed using the ABI 7500 real-time PCR
system (Applied Biosystems, Foster City, CA, USA) as described
by Chen [13] with fluorescence detection of SYBR green dye.

Calculation and statistical analyses

The standard curves of total bacteria, E succinogenes, R. albus,
R. flavefaciens, and B. fibrisolvens were as follows: Total bacteria
Y = -3.2554X+37.545 (R* = 0.9929, E = 104.17%); E succinogenes
Y = -3.3183X+36.376 (R* = 0.9974, E = 100.15%); R. albus Y =
-3.3691X+36.317 (R* = 0.9962, E = 99.53%); R. flavefaciens Y =
-3.3224X+35.775 (R* = 0.9988, E = 99.98%), and B. fibrisolvens
Y = -3.2491X+38.978 (R’ = 0.9967, E = 103.14%), where X is the
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Table 1. PCR primers for real-time polymerase chain reaction assay

Target species Forward Primer sequence
Total bacteria” F CGGCAACGAGCGCAACCC

R CCATTGTAGCACGTGTGTAGCC
Ruminococcus flavefaciens” F CGAACGGAGATAATTTGAGTTTACTTAGG

R CGGTCTCTGTATGTTATGAGGTATTACC
Ruminococcus albus” F - CCCTAAAAGCAGTCTTAGTTCG

R CCTCCTTGCGGTTAGAACA
Fibrobacter succinogenes' F GTTCGGAATTACTGGGCGTAAA

R CGCCTGCCCCTGAACTATC
Butyrivibrio fibrisolvens® F GCCTCAGCGTCAGTAATCG

R GGAGCGTAGGCGGTTTTAC

" Cited from Denman and McSweeney [33]. 2) Cited from Koike and Kobayashi [34]. 3)
Cited from Gudla [35].

logarithm of the copy numbers, Y is the threshold cycle, and E
is the amplification efficiency.

A general linear model procedure (SAS Inst. Inc., Cary, NC,
USA) was used to analyze the data. The data were analyzed by
one-way analysis of variance. Multiple comparisons of the means
among treatments were conducted using Duncan’s multiple range
tests. The degree of significance was defined as follows: p>0.10,
not significant; p = 0.05 to 0.10, trends; p<0.05, significant.

RESULTS

Weaning age, feed intake and growth performance

The results of the average weaning ages and growth performance
of yellow cattle calves affected by different weaning times are
shown in Table 2. The average weaning age was different: 46 d, 58 d,
and 63 d for EW,,, EW,5,, and EW , respectively. Early wean-
ing increased the final BW (p<0.05), with the highest value in

Table 2. Effects of various weaning times on the weaning ages and growth
performance of yellow cattle calves

Standard
Items NW"  EWy, EW,s, EW, 4, error of the
mean
Average weaning age (d) ~ 120°  46° 58" 63° 1.7

Initial body weight (kg) 14.7 14.6 15.3 15.3 0.43
Final body weight (kg) 754° 866" 93.7°  84.0° 2.25

Average daily gain (kg/d) ~ 0.40°  0.48° 052° 046"  0.015
(wk 1to 21 of age )

wk 510 9 of age
Milk intake (g/d) - 153 253 341 -
Starter intake (g/d) 0 620° 600" 576 12.7
Hay intake (g/d) 214> 296" 325 283° 12.2
wk 9to 21 of age
Starter intake (g/d) 0°  1,749" 1,959° 1,641° 72.9
Hay intake (g/d) 690" 807" 933  957° 57.6

"'NW, normal weaned; EWsy,, weaned until the feed intake of solid feed reached 500 g;
EW,5,, weaned until the feed intake of solid feed reached 750 g; EW, o, Weaned until
the feed intake of solid feed reached 1,000 g.

¢ Means in the same row with different superscripts differ significantly (p <0.05).
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EW.,,. Thus, ADG was greater in EW,, than in the other groups
(p<0.05).

From 5 to 9 weeks of age, the average milk intake of EW | o,
was the highest, while the starter intake in EW o, was lower than
in the other two EW groups (p<0.05). Compared with NW, EW
had a higher hay intake (p<0.05). However, from wk 9 to wk 21,
the starter intake of EW| ,, was significantly lower than those
of the other two EW groups (p<0.05).

Rumen fermentation parameters

The effects of various weaning times on the rumen fermentation
of yellow cattle calves are presented in Table 3. Compared with
NW, the EW calves had a lower rumen pH (p<0.05), but all values
were in the normal range. The concentrations of VFAs were en-
hanced by EW (p<0.05), with the greatest value observed in EW.,.
For EW, the proportion of acetate decreased (p<0.05), but the
proportion of propionate increased (p<0.05), resulting in a re-
duction in the acetate-to-propionate ratio (p<0.05). Compared
with NW, EW increased the butyrate proportion (p<0.05), with
the greatest value observed in EW,5,. Ammonia N was decreased
in EW,, (p<0.05) compared with NW. MCP was not affected by
EW (p>0.05).

Rumen enzyme activities

The changes of the ruminal enzyme activity in beef calves affected
by various weaning times are shown in Table 4. Compared with
NW, the activities of CMCase was increased in EW ., (p<0.05),
and the xylanase activity was enhanced in EW, (p<0.05). The
MRCase and amylase activities were greater (p<0.05) in EW
and EW,; than in NW or EW | .

Rumen microbial communities
Early weaning had no effect on the number of total bacteria (p>
0.05), but it could alter its composition (Table 5). The population

Table 3. Effects of various weaning times on the rumen fermentation of yellow cattle
calves

Standard
Items NW"  EWs, EW,, EW, o, error of
the mean
Ruminal pH 794 672 649 676" 0.153

Total volatile fatty acids ~ 25.7°  46.7°  64.8° 393" 5.54
(mmol/L)
Molar proportions (%)

Acetate 88.9° 68.0° 706 756 1.32
Propionate 769 214 163" 148 137
Butyrate 3419 1057 135 965  0.859
Acetate:propionate 10.2° 322" 4000 541°  0.606
Ammonia N (mg/L) 733 357°  51.1%  57.1% 7.08

Microbial protein (mg/mL) ~ 3.27 5.96 4.18 3.32 0.774

" NW, normal weaned; EWsy,, weaned until the feed intake of solid feed reached 500 g;
EW,5,, weaned until the feed intake of solid feed reached 750 g; EW, o, weaned until
the feed intake of solid feed reached 1,000 g.

*2\Within a row, means without a common superscripts letter differ, p<0.05.
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Table 4. Effects of various weaning times on ruminal enzyme activity in yellow cattle
calves

Standard error

Items” NW? EWsoo  EWpo  EWpgnp = ppo oo
CMCase (U) 0.53° 1.42% 2.10° 117° 0.358
MRCase (U) 0.63° 1.68° 1.70° 0.89® 0.262
Xylanase (U) ~ 4.81° 15.8° 149" 103® 2.250
Amylase (U)  0.68" 1.71° 1.73° 1.44° 0.286

' CMCase, carboxymethy cellulose; MRCase, microcrystalline cellulase; U, pmol/min-mL.
? NW, normal weaned; EWs,, weaned until the feed intake of solid feed reached 500 g;
EW,5,, weaned until the feed intake of solid feed reached 750 g; EW, o, Weaned until
the feed intake of solid feed reached 1,000 g.

*®\Within a row, means without a common superscripts letter differ, p<0.05.

of R. albus was increased in EW 5 and EW | o, versus in NW or
EW,y, (p<0.05), whereas there was no significant difference in
the number of R. flavefaciens among the four groups (p>0.05).
EW,,, had the greatest number of E succinogenes (p<0.05). How-
ever, EW decreased the population of B. fibrisolvens compared
with NW (p<0.05).

DISSCUSSION

Weaning age and growth performance

Compared with beef cattle, the calves used in the experiment
were Southern Chinese Cattle, which have a smaller birth weight
and lower mature BW [14]. Thus, these differences may lead to
different results when EW is applied.

Guo [15] reported that yellow cattle calves are always weaned
using the conventional method at the age of 90 to 180 d. However,
calves could be weaned at 35 d with a concentrate intake rang-
ing from 366 to 500 g/d [16]. In this study, the calves in EW,
were weaned earlier, at 48 d of age versus at 63 d of EW, .. When
weaning age was used as a criterion for weaning, 32.9% of pro-
ducers weaned calves at 56 d of age; however, 2.3% weaned calves
as early as 21 d, and 14.2% delayed weaning for more than 12 wk
[16]. However, the normal weaning age for the beef industry was
much later, with ages from 200 to 300 d [17]. The difference in
weaning age may be due to the different breeds and the method
of milk withdrawal used by different studies.

The ADG of the whole experimental period in the EW groups
was higher than for NW, which was consistent with the results
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of Hulbert [18]. EW increased the BW of the calves, possibly due
to the higher intake of concentrate. As reported by Roth [19], the
concentrate consumption by the concentrate-dependent wean-
ing group was 11.7% higher than that of the conventional weaning
group, and consequently the weight gain was 11.1% higher for
the concentrate-dependent weaning group.

Effects on rumen fermentation

Rumen pH is crucial for normal rumen development, rumen
fermentation, and overall calf health [20]. Although the ruminal
pH values of the calves were all within the normal range (>6.3),
the EW calves had a lower pH, suggesting greater ruminal acti-
vity. Anderson [21] found similar results where the ruminal pH
was lower in the EW calves than in the conventionally weaned
calves. The decrease in pH by EW may be due to the increase in
rumen VFAs, which acidified the rumen content.

VFAs also represent the rumen fermentation pattern and the
efficiency of nutrient digestion; the higher total VFA in the EW
calves suggests increased metabolic activity [22]. In the present
study, the EW calves had a higher total VFA concentration than
the NW calves. This might have been associated with the greater
solid feed consumption, the earlier establishment of ruminal mi-
crobes, and better fermentation of the feeds [20]. Satter and Esdale
[23] suggested that a low pH may increase the production of
butyrate from lactate fermentation. The consistently lower ru-
minal pH of the EW calves may have contributed to the higher
proportion of butyrate. On the other hand, VFAs could stimulate
the development of ruminal papillae in young calves [24], and
butyrate is the VFA most responsible for the stimulation of ru-
men epithelial development [25]. Sakata [26] proposed that the
stimulatory effect of the administration of VFAs into the rumen
upon the mitotic index of rumen epithelial cells might be due to
an increase in plasma insulin concentration. Lane and Jesse [6]
found that the infusion of VFAs resulted in an increase in blood
insulin concentration. The concentration of insulin in the blood
of pre-weaned calves are similar to the values observed for mono-
gastric animals but lower as calves achieve a significant intake
of solid feed and ruminal fermentation is established [27]. Future
experiments need to be conducted to measure the blood insulin
concentration because at present no such data exist.

The EW calves had a lower ammonia N concentration than

Table 5. Effects of various weaning times on the microbial populations of the rumen of yellow cattle calves

Items NwW" EW,q, EW,s, EW, 000 Standard error of the mean
Total bacteria (x 10") 1.71 1.80 1.75 1.84 0.077
Ruminococcus albus (x 10°) 036" 0.80° 1.41° 1.30° 0.079
Ruminococcus flavefaciens (x 10°) 1.75 0.71 2.76 0.67 0.581
Fibrobacter succinogenes (x 10°) 0.31° 0.77° 2.96° 0.44° 0.528
Butyrivibrio fibrisolvens (x 10°) 5.00° 138 031° 1.35° 0.441

" NW, normal weaned; W, weaned until the feed intake of solid feed reached 500 g; EW,,, weaned until the feed intake of solid feed reached 750 g; EW, o,, weaned until the feed

intake of solid feed reached 1,000 g.
*®\Within a row, means without a common superscripts letter differ, p<0.05.
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those weaned conventionally in this study. This is in line with
Godfery [28], whose results showed that milk intake tends to in-
crease rumen NH, and that weaned calves have a lower ruminal
NH, than unweaned calves. The reduced ammonia concentra-
tions in EW calves may indicate an improved utilization by the
rumen microorganisms related to the solid feed intake [29] or
increased absorption across a more mature rumen wall [30].

Effects on the ruminal enzyme activity

Quantification of the activity of various enzyme systems in whole
rumen contents is a way to evaluate the capability of the ruminal
microflora to degrade dietary substrates [31]. Ruminal enzymes
are primarily produced by ruminal microbes, and the increased
activity of enzymes (CMCase, MRCase, xylanase, and amylase)
were mainly attributed to the growth of microbes, thus resulting
in an increase in ruminal metabolism. In this study, the EW calves
had higher ruminal enzyme activity, which demonstrates that
the EW program could increase the ruminal activity of calves.

Effects on the ruminal microbial communities

At birth, there is no anaerobic microbial population in the rumen
of young ruminants. The establishment of a complex microbial
ecosystem is a long process that depends on many factors, includ-
ing genetic background, age, management, and feeding conditions
[20]. Sudrez [32] reported that solid feed intake stimulates micro-
bial proliferation and VFA production in the rumen of pre-weaned
dairy calves, which reflect the capacity of ruminal microbiota to
degrade feedstuffs. The intake of hay and concentrate progressi-
vely increases, providing substrates to the ruminal microbiota.
However, the total bacteria in this study were not found to be
different among the groups. As reported by Anderson [21], the
total anaerobic bacteria counts increased during the first three
weeks but remained fairly constant afterwards.

As the EW calves consumed increasing amounts of the starter
diet and the ruminal pH decreased, the cellulolytic counts rapidly
increased. However, in the study of Anderson, no difference was
found in the cellulolytic bacterial counts in the EW group and
a conventionally weaned group [21]. Although the total cellu-
lolytic bacteria counts did not change, the composition may have
been different, as in the present study, where the R. albus and E
succinogenes populations were increased but B. fibrisolvens was
decreased by EW. The characterization of the ruminal microbial
community provides opportunities to improve animal food di-
gestion efficiency and develop efficient fermentation systems to
convert plant biomasses into biofuels [5]. In this study, only some
known cellulolytic bacteria were quantified; perhaps 16S rDNA
gene amplicon pyrosequencing could be applied to explore the
structure of the bacterial community affected by different wean-
ing times in future studies.

IMPLICATION

AJAS

The results of the present experiment showed that EW has ad-
vantages in terms of BW and ADG and many benefits for the
rumen development of beef calves, such as increasing the con-
centrations of total volatile fatty acids, decreasing the ammonia
N concentration, improving ruminal enzyme activity and altering
the composition of the rumen cellulolytic bacteria. From these
findings, it was also inferred that early weaning at 750 g solid
feed intake may be much better than the other two treatments.

CONEFLICT OF INTEREST

We certify that there is no conflict of interest with any financial
organization regarding the material discussed in the manuscript.

ACKNOWLEDGMENTS

This work was carried out with the support of Public Technolo-
gy Application Research of Zhejiang Province (2015C32031),
Zhejiang Provincial Natural Science Foundation (LQ14C170004),
and Special Fund for Agro-scientific Research in the Public Interest
(201303143). We also thank Elsevier for its linguistic assistance
during the preparation of this manuscript.

REFERENCES

—

. Myers SE, Faulkner DB, Ireland FA, Berger LL, Parrett DE Production
systems comparing early weaning to normal weaning with or without
creep feeding for beef steers. ] Anim Sci 1999;77:300-10.

. Myers SE, Faulkner DB, Ireland FA, Parrett DE Comparison of three
weaning ages on cow-calf performance and steer carcass traits. ] Anim
Sci 1999;77:323-9.

3. Thu CTT, Trach NX. Effects of early weaning on postpartum resump-

\S)

tion of reproduction in mother buffaloes and growth of their calves.
Livest Res Rural Dev 2012;24:19.

. Abou Ward GA, Tawila MA, Sawsan M, et al. Effect of weaning age
on lamb's performance. World J Agric Sci 2008;4:569-73.

. Gharechahi ], Zahiri HS, Noghabi KA, Salekdeh GH. In-depth di-
versity analysis of the bacterial community resident in the camel
rumen. Syst Appl Microbiol 2015;38:67-76.

6. Lane MA, Jesse BW. Effect of volatile fatty acid infusion on develop-
ment of the rumen epithelium in neonatal sheep. ] Dairy Sci 1997;80:
740-6.

. Lengemann FW, Allen NN. Development of rumen function in the

S

wl

N

dairy calf. II. Effect of diet upon characteristics of the rumen flora
and fauna of young calves. ] Dairy Sci 1959;42:1171-81.

8. Shen JS, Chai Z, Song L], Liu JX, Wu YM. Insertion depth of oral
stomach tubes may affect the fermentation parameters of ruminal
fluid collected in dairy cows. ] Dairy Sci 2012;95:5978-84.

9. Makkar HPS, Becker K. Purine quantification in digesta from rumin-
ants by spectrophotometric and HPLC methods. Br ] Nutr 1999;81:
107-13.

10. Martin C, Williams AG, Michalet-Doreau B. Isolation and character-

www.ajas.info 1561



AJAS

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

1562

istics of the protozoal and bacterial fractions from bovine ruminal
contents. ] Anim Sci 1994;72:2962-8.

. Rey M, Enjalbert E Monteil V. Establishment of ruminal enzyme acti-

vities and fermentation capacity in dairy calves from birth through
weaning. ] Dairy Sci 2012;95:1500-12.

Gagen EJ, Denman SE, Padmanabha J, et al. Functional gene analysis
suggests different acetogen population in the bovine rumen and tam-
mar wallaby forestomach. Appl Environ Microbiol 2010;76:7785-95.
Chen XL, Wang JK, Liu JX. Development of a real-time absolute
quantitative PCR for quantification of cellulolytic bacteria in rumen.
Chinese ] Anim Sci 2008;44:36-40.

Wu XX, Shi XK, Wu HT, Mao Y], Ji DJ. Genetic resources and utili-
zation of Chinese cattle in south China. China Cattle Sci 2010;36:1-4.
(in Chinese with English abstract)

Guo E Tu Y, Si BW, Chai JM, Diao QY. Off breast-feeding days of
age affect nutrient digestion and serum biochemical indices of calves.
Chinese ] Anim Nutr 2015;27:426-35. (in Chinese with English
abstract)

Quigley JD. Influence of weaning method on growth, intake, and
selected blood metabolites in Jersey calves. ] Dairy Sci 1996;79:2255-
60.

Carroll JA, Arthington JD, Chase Jr CC. Early weaning alters the
acute-phase reaction to an endotoxin challenge in beef calves. ] Anim
Sci 2009;87:4167-72.

Hulbert LE, Cobb CJ, Carroll JA, Ballou MA. The effects of early
weaning on innate immune responses of Holstein calves. ] Dairy Sci
2011;94:2545-56.

Roth BA, Keil NM, Gygax L, Hillmann E. Influence of weaning method
on health status and rumen development in dairy calves. ] Dairy Sci
2009;92:645-56.

Khan MA, Bach A, Weary DM, von Keyserlingk MAG. Invited review:
Transitioning from milk to solid feed in dairy heifers. ] Dairy Sci
2016;99:885-902.

Anderson KL, Nagaraja TG, Morrill JL, et al. Ruminal microbial devel-
opment in conventionally or early weaned calves. ] Anim Sci 1987;64:
1215-26.

Anderson KL, Nagaraja TG, Morrill JL. Ruminal metabolic devel-
opment in calves weaned conventional or early. ] Dairy Sci 1987;70:
1000-5.

Satter LD, Esdale WJ. In vitro lactate metabolism by ruminal ingesta.

www.ajas.info

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Mao et al (2017) Asian-Australas J Anim Sci 30:1557-1562

Appl Microbiol 1968;16:680-8.

Sander EG, Warner HN, Harrison HN, Loosli JK. The stimulatory
effect of sodium butyrate and sodium propionate on the development
of rumen mucosa in the young calf. ] Dairy Sci 1959;42:1600-5.

Heinrichs AJ. Rumen development in the dairy calf. Adv Dairy Sci
Technol 2005;17:179-87.

Sakata T, Hikosaka K, Shiomura Y, Tamate H. Stimulatory effect of
insulin on ruminal epithelial cell mitosis in adult sheep. Br ] Nutr
1980;44:325-31.

Silper BE, Lana AMQ, Carvalho AU, et al. Effects of milk replacer
feeding strategies on performance, ruminal development, and meta-
bolism of dairy calves. ] Dairy Sci 2014;97:1016-25.

Godfery NW. The functional development of the calf. II. Development
of rumen function on the calf. ] Agric Sci 1961;57:177.

Dijkstra J, Mills JAN, France J. The role of dynamic modelling in under-
standing the microbial contribution to rumen function. Nutr Res
Rev 2002;15:67-90.

Sudrez BJ, Van Reenen CG, Stockhofe N, Dijkstra J, Gerrits WJJ. Effects
of roughage source and roughage to concentrate ratio on animal
performance and rumen development in Veal calves. ] Dairy Sci
2007;90:2390-403.

Sudrez BJ, Van Reenen CG, Beldman G, et al. Effects of supplement-
ing concentrates differing in carbohydrate composition in veal calf
diets: I. Animal performance and rumen fermentation characteristics.
] Dairy Sci 2006;89:4365-75.

Sudrez BJ, Van Reenen CG, Gerrits WJ]J, et al. Effects of supplement-
ing concentrates differing in carbohydrate composition in veal calf
diets: II. Rumen development. ] Dairy Sci 2006;89:4376-86.

Denman SE, McSweeney CS. Development of a real-time PCR assay
for monitoring anaerobic fungal and cellulolytic bacterial populations
within the rumen. FEMS Microbiol Lett 2006;58:572-82.

Koike S, Kobayashi Y. Development and use of competitive PCR assays
for the rumen cellulolytic bacteria: Fibrobacter succinogenes, Rumino-
coccus albus and Ruminococcus flavefaciens. FEMS Microbiol Lett
2001; 204:361-6.

Gudla P, Ishlak A, Abughazaleh AA. The effect of forage level and
oil supplement on Butyrivibrio fibrisolvens and Anaerovibrio lipolytica
in continuous culture fermenters. Asian-Australas ] Anim Sci 2012;25:
234-9.



