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The objective of the study was to evaluate the effect of calf rearing methods in Sahiwal cows on milk and feed intake, weight
gain, body condition score, and locomotion score. We randomly selected the eight Sahiwal cows just before their calving and
divided into two groups. After parturition, claves from both groups were reared under natural restricted suckling (RS) and
artificial rearing system (AR) at Livestock Experimental Station, University of Agriculture, Faisalabad. Restricted suckling
calves were allowed to suckle from cow’s udder just before milking in the morning and evening (twice milking arrangement)
up to weaning. In an artificial rearing system, calves were fed milk through bucket feeders @ 10% of their body weight up to
weaning. Post-weaning data for two months were also conceded to complete the trial. The results for weight gain kg week™*
was significantly(P<0.05) higher in RS group (3.35+ 0.15) than AR group (2.88 £ 0.31) calves. The average daily weight gain
in RS (465 g) group was higher (P<0.05) as compared to AR group (332 g) in the pre-weaning phase (90 days). The average
weekly weight gain was also higher (P<0.05) in RS group (3.26 + 0.24) as compared to AR group (2.33 + 0.36) up to weaning.
There was no significant difference in weight gain of calves in RS group (3.64 + 0.16) as compared to AR (3.23 + 0.15) group
in post-weaning. The results of milk composition did not show any difference (P>0.05), but the effect of the suckling method
had demonstrated a positive impact on the performance of calves. A higher (P<0.05) level of cortisol concentration was found
in AR group as compared to RS group. Based on results, it is concluded that natural milk feeding had a positive effect in pre-

weaning on the growth and stress of Sahiwal calves.
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INTRODUCTION

The unorganized dairy farm operations in the country have
been realized as unable to keep pace with emerging milk
demands due to the poor potential of indigenous breeds,
insufficient feed resources, and high early mortality in calves.
The milk production cost in the peri-urban dairy system is
relatively high due to a fully stall feeding system (Afzal and
Naqvi, 2004; Zhang et al., 2020). A significant shift of
production system has been observed toward commercial
dairying from subsistence farming. It might be only due to
ever-increasing demand for milk consumption in urban
masses. The factors influencing the cost of milk production
are feeding, dairy replacement stock or heifer production,
labor wages, artificial insemination services, equipment,
forages, concentrate and electricity cost (Flower and Weary,
2001). The successful rearing of dairy replacement stock is
proved to be the 2™ highest cost in dairy production (Igbal et
al., 2014).The 50% calf mortality occurs at an early age
putting worries for future dairy cows (Ali et al., 2020). This
high early age mortality affects the availability of quality
future dairy animals due to meager milk supply for calves,
poor health, and stunted growth, leading to delayed age of

puberty (Khan et al., 2020). Presently two major calf rearing
systems (with the dam or separate rearing) are in vogue at
different levels of the dairy production system in Pakistan.
The natural nursing of calves depends on the development of
social bonds with the dam and it is necessary for the survival
and welfare of newborn calf (Enriquez et al., 2011; Khan et
al., 2020).

However, in recent years successful rearing of calves in the
restricted suckling system is being compromised in market-
oriented peri-urban dairying. The priority of selling more milk
instead of feeding to calves is in practice (Igbal et al., 2014).
In the market-oriented dairy farming, calves are mostly
separated from their dams and reared separately (Khan et al.,
2020). Early separation of claves is unnatural and a challenge
for the dam along with calf's welfare and production as the
detachment involves the loss of milk suckled and loss of care
from the dam (Ventura et al., 2013). Previous research
reported that that the nutritional component of the dam and
calf bond is essential (Kamal et al., 2019). Restricted suckling
(RS) is used to stimulate the milk letdown, and calf is leashed
beside the cow in the restricted suckling system. After
milking, the young calf is set free to suckle the dam for a
specific amount of time (Orihuela, 1990; Derkho et al., 2019).
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Several positive effects were seen on cow and calf due to
suckling both in Zebu crosses and pure Holstein’s. The
restricted suckling (RS) had shown increased milk production
(Bar-Peled et al., 1995). Hence the relative importance of
dam’s care licking in natural suckling compared to separate
rearing impact on growth, behavior, and welfare of calves was
desired to be investigated. Therefore, present study was
planned to study the effect of mothering behavior on the
growth and welfare performance in Sahiwal male calves to
investigate better management guidelines for successful
rearing of the future dairy replacement stock.

MATERIALS AND METHODS

Experiment protocol and experimental treatment:
Eight newly born male calves with mean weight 21kg from
the Sahiwal dairy dams having similar parity and weight were
maintained at Livestock Experiment Station (LES),
University of Agriculture Faisalabad. All of the experimental
calves were divided into two groups randomly in such a way
that each had four calves. Dam feed was analyzed as
described in literature (Su et al., 2013; Li et al., 2014; Wang
et al., 2016; Niu et al., 2017; He et al., 2018; Sharif et al.,
2018; Li et al., 2019) for its chemical composition. Two
groups of calves were randomly allotted to two experimental
treatments, i.e., restricted suckling (RS) and Artificial rearing
(AR). The calves in RS group were allowed to stimulate and
suckle milk from their dams naturally. However, estimated
quantity of milk as per bodyweight of the calf from one or two
quarters was ensured. The AR group calves were fed milk
through feeders @ 10% of the body. The duration of the
weaning period was 90 days.
Data collection
The calves under RS group were weighed both pre-suckling
and post-suckling. The calves in AR group were fed milk
artificially @ 10% of the bodyweight of each calf (Igbal et
al.,2014) till weaning period of ninety days (90). After that
weaning  period daily ration as per routine
(morning/noon/evening times) of LES were offered, and the
intake was calculated as

F1 (Feed offered) — F2 (refusal) = FI (intake).
Ad-libitum assess to the fresh water was provided and the
intake of water was measured by subtracting the refusal from
the quantity offered as described in recent studies (Hussain et

al., 2018; Rehman et al., 2019; Hussain et al., 2020).
W1 (Water offered) — W2 (refusal) = WI (intake)

The animals were weighed at weekly intervals at
6.00 am before offering any feed. Weight gain or loss was
calculated by subtracting the initial weight from the final
weight as described in recent studies (Bajwa et al., 2020;
Muhmmad et al., 2020).

Weight Gain = Final weight —Initial weight
Data for body condition scoring was done for the frequency
and size of calves.

Maintenance of good skin condition and other welfare
protocols were followed. The health status of calves was
observed visually for any kind of disease injuries or pain
stress induced by management practices as described in recent
studies (Muhammad et al., 2016; Aziz ur Rahman et al., 2017,
Aziz ur Rahman et al., 2019; Chen et al., 2020).

Statistical Analysis:

The data were statistically analyzed using
Completely Randomized Design Minitab’s version 17, and
the means were compared for significance level using
Tuckey’s test (Steel et al., 1997).

RESULTS

Growth performance in calves: Data of intake and growth
performance are presented in Table 1. The average daily
weight gain in RS (478 + 0.13 g day*) group was significantly
higher (P<0.05) as compared to AR (411+ 0.19 g day™) in
150 days. The data for average daily weight gain in RS (465
+ 0.21 g day?*) group was significantly higher (P<0.05) as
compared to AR (332+0.33 g day™?) in pre-weaning phase (90
days). The average weekly weight gain also showed
significantly higher (P<0.05) values in RS group as compared
to AR group up to weaning. Calves in the RS group showed
significantly higher (P<0.05) milk efficiency (96 g L) as
compared to the AR group (78 g L™). The mean values for
weekly weight gain (3.35+ 0.15 kg week) in RS calves for
period of 150 days were (16.32%) higher (P<0.05) as
compared (2.88 + 0.31 kg week™) to AR. There was no
significant difference in weight gain of calves in the RS (3.64
+ 0.16) group as compared to the AR (3.23 £ 0.15) group. The
data of milk intake for RS group (4.83+ 0.81 L.day) and AR
group (4.56 + 0.58L day?) showed a non-significant (P>0.05)
result. Milk intake in both groups also showed non-significant
results during this trial during the first month of research
calves. Artificial rearing and RS groups fed average 3.5 L day"
! during first month of experiment. Whereas, milk consumed
by RS calves during the second month was average 4.7 L day"
Land 4.5 L day? in AR and RS calves, respectively. In last
month before weaning AR calves consumed 5.7 L day* and
RS calves 6.30 L day, respectively.

Table 1. Effect of rearing methods on intake and
performance in calves.
Natural  Artificial
Rearing Rearing
Pre-weaning Avg. wt gain (g day™) 465+0.21*  332+0.33"
Overall daily wt. gain (g day™) 478+0.13% 411+0.19°
Pre-weaning Avg. wt gain (kg week?)  3.26+0.24% 2.33+0.36"
Post weaning Avg. wt gain (kg week?)  3.64+0.16% 3.23%0.15?
Overall Avg. wt gain (kg week™) 3.35+0.15% 2.88+0.31°
Avg. milk intake (L. day* calf?) 4.83+0.81% 4.56+0.58?
Milk efficiency 0.10£0.09* 0.07+0.07°
Avg. intake DMI (kg day™) 2.59+0.18% 2.32+0.292
Avg. Water intake (L. day?) 4.45+0.18° 4.62+0.192
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Welfare status: Data of body condition score and locomotion
score are presented in Fig. 1. Body condition score was
calculated as described in literature (Zhang et al., 2015).
Calves in RS group (2.95 £ 0.12) showed better (P > 0.05)
results for body condition score (BCS) as compared to AR
group (2.87+ 0.08), respectively. Locomotion and well-being
of calves were also scored (1-5). Mean values for RS calves
were 4.25, and for AR calves were 4.05, respectively.

Scoring

Figure 1. Effect of rearing methods on body condition
scoring and locomotion score in calves

Data of cortisol concentration, rectal temperature, heart rate
and respiration is presented in Fig. 2. Data was collected as
described in recent studies with some modification (Xia et al.,
2018a; Xiaetal., 2018b; Xiaet al., 2018c; ; Chen et al., 2019)
The mean values of cortisol in the RS group were 140.86 ng
mitand in the AR group were 187.48 ngml*. Both treatments
(RS vs AR) did not affect the rectal temperature of calves,
respiration rate, and heart rate. Restricted suckling
had(P<0.05) mean values for rectal body temp, respiration
rate, and heart rate 102+0.12°F,56.8, and 122, respectively. In
contrast, in AR, the mean values for rectal body temp,
respiration rate, and heart rate were102.02 + 0.15°F54.4 127,
respectively.

Figure 2. Effect of rearing methods on cortisol, rectal
temperature and respiration in calves.

DISCUSSION

Results of the current study revealed that calves in RS had
higher milk intake and better milk conversion efficiency for
daily weight gain as compared to the AR. The development
of social bonds of nursing calves with the dam resulted in
beneficial effects and higher weight gain in RS group as
compared to AR (Shahid et al., 2019). The mothering
behavior of dams for calves might had stimulated better
growth performance and wellbeing in the early days of calf’s
life. Therefore, a higher growth rate in RS in the current study
might be attributed with the positive influence of mothering
behavior. Positive influence for a higher daily weight gain for
restricted suckling was also recorded by Froberg et al. (2007).
Similarly, Metz et al. (1987) also found higher weight gains
by calves housed with their dams and allowed them to suckle
milk directly for the first ten (10) days after birth. Another
study (Metz et al., 1987) indicated a 39.7% higher weight gain
during the pre-weaning phase in RS group as compared to AR
group. Roth et al. (2009) also supported the findings of the
present study and revealed that dam suckled calves gained
more weight gain in contrast to bucket fed calves. Grgndahl
et al. (2007) reported that suckling calves having free access
to the dams had shown higher gains as compared to bucket
fed calves.

Findings of current study explored that weight gain was
similar in calves of RS group AR group during the post-
weaning phase (60 days) of growth even a negative impact of
social bonding may have an impact on more cortisol
production having additional stress caused due to weaning
after the development of social bonding with the dam. Earlier
studies also indicated that nursing with dam could provide
good health and welfare advantages to calves (Krohn, 2001;
Flower and Weary, 2003; Shahid et al., 2019). It can improve
the gut microflora and recent studies reported that beneficial
gut microflora have positive impact on growth(Qiu et al.,
2018; Qiu et al., 2019a; Qiu et al., 2019b; Qiu et al., 2020). It
was further mentioned that calves reared with their dams had
better weight gain than the calves reared in artificial rearing
system (Flower and Weary, 2001). It has been reported in the
previous study that growth rate of calves in RS was due to
higher growth-promoting hormones level in natural suckled
calves (Lupoli etal., 2001). However, in the current study, the
opposite happened. In the post-weaning phase, the growth
rate was the same, which is similar to the findings of the
previous study (Hepola, 2008), who found similar weight gain
for restricted suckling and artificial rearing groups. More
interestingly, it has been reported that calves up to 4™ week
had higher weight gain when fed with artificial teat instead of
bucket fed. This increase was due to higher intake when fed
with teat and better digestive system than bucket fed calves
(Appleby et al., 2001). Total sucking time day-* and frequency
of suckling day* may be decreased with increased age of calf
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(Reinhardt and Rienhardt, 1981). It was also emphasized that
the nutrition and weaning weight gain might influence the
future milk capacity of the mammary glands of the
replacement dairy cows (Sejrsen et al., 2000). Arginine is one
of the limiting amino acid in poultry (Abdullah et al., 2019)
and dairy production. Emphasis on arginine requirement is
also necessary to improve the udder health and calf-dam
welfare.

The milk intake remained in accordance to the 10% of body
weight. Otherwise, they might be able to suckle more milk as
per result revealed earlier by (Jasper and Weary, 2002) that
dairy calves are clearly able to consume much more milk
during suckling than they are typically provided through
buckets. The calves fed ad libitum consumed on an average
of 8.8 Lday™, compared to 4.7 L day™ for the bucket fed
calves. Froberg et al. (2007) also reported similar milk intake
in both groups and the current study is an agreement with
previous study. Appleby et al. (2001) also suggested that
calves in a partial suckling system drink as much milk as that
fed ad libitum from a teat. The calves fed ad-libitum
consumed an average of 8.8 kg day™, compared to 4.7 kg day-
! for the conventionally fed calves (Appleby et al., 2001).
Similar levels of milk intake trends were found in RS group
of the present trial as compared to AR group. Calves that were
provided with more milk consumed less calf starter and hay,
respectively (Hammell et al., 1988; Khalili et al., 1992). A
constant amount of concentrate was fed to both groups
according @ 400gm calf* during the first three months and
after that 1 kgday*calf?. It was also further observed that RS
calves were found more active than AR calves. Flower and
Weary (2001) also revealed that calves weaned Later start
rumination at the 2" week of age and ate more solid food as
compared to other calves. Concentrate intake was higher in
milk-fed calves in contrast to mother fed calves (Jasper and
Weary, 2002; Hepola, 2003; Borderas et al., 2007) and rumen
development was also influenced by concentrate intake (Roth
et al., 2009).

The weekly data of BCS showed a non-significant effect on
BCS in both of the groups (RS vs AR). During restricted
suckling when calves suck milk directly from dam’s udder,
dams tended to lick calf’s body. This physical stimulation
increases the blood circulation which helps in improving the
metabolism and alleviating the oxidative stress. The liking
behavior of cow had a beneficial effect on body condition to
improve the scoring of calves, which was absent in artificial
rearing. (Fréberg et al., 2007) described the coat scoring of
calves during the trial and reported that the body coat of RS
calves (92) was better as compared to AR calves (65). It was
further revealed that mothering behavior improved body
condition scoring of calves as endorsed by earlier researchers
that suckling the dam reduced bouts of diarrhea for three
weeks, improved digestive function, prevented the abnormal
behavior of cross-sucking, as the motivation was satisfied on
the dam (Flower and Weary, 2003), and also improved

immunity by exposure to existing pathogens in the herd
(Wagenaar and Langhout, 2007). All these factors increased
the body condition score due to improved health in RS group.
Improved health was observed as chances of diarrhea in
calves decreased by suckling (Preston and Vaccaro, 1989).
Moreover, lowered mortality rate was also observed in
traditional management (Preston, 1984). It might be attributed
to better antibodies transferred from mother to calf through
colostrum and suckling milk (Ryle and Orskov, 1990); and
reduced chances of milk contamination in restricted suckling
(Fulkerson et al., 1978). The separation was proved to be a
stressful factor to calves, which could damage their health and
body condition scoring in AR group (Stehulova et al., 2008).
It could be revealed that calves allowed to be remained with
the dam until weaning simultaneously improved body
condition scoring, reduced risk of disease or diarrhea through
improved colostrum intake and licking by the dam.
Locomotion of calves was scored as 1-5. The result of
locomotion during the trial indicated that RS calves scored
better than AR calves, but values showed non-significant
difference. The better score in RS group might be due to better
physiological functions in response to dam persuading
behavior. This activity was absent in AR group. It was
revealed that mothering behavior improved the health and
wellbeing as endorsed by earlier researchers that suckling the
dam reduces bouts of diarrhea for 3 weeks, improves
digestive function, prevents the abnormal behavior of cross-
sucking, as the motivation is satisfied on the dam (Flower and
Weary, 2003), and improves immunity by exposure to
existing pathogens in the herd (Wagenaar and Langhout,
2007).The dam might had also enhanced calf absorption of
colostrum Immunoglobulin’s (Ig’s), essential for passive
immunity in the first 14 days of life. The dam also persuades
the calf to stand and suckle sooner (Flower and Weary, 2003).
In the first 24 hours, 30% of calves naturally do not suckle
and so need guidance to the teat or supplementary colostrum
to ensure adequate intake (Flower and Weary, 2003).It was
observed that the calves typically licked by the dam for
several hours post-partum showed better health and
wellbeing. That might have stimulated the calf activity and
had physiological benefits for stimulating breathing, blood
circulation, urination, defecation, and drying (Rushen et al.,
2007).

Separation was proved to be a stressful factor to calves, which
could damage their health and well-being as calves heart rates
increased rapidly at separation (Sté¢hulova et al., 2008). Serum
cortisol level was used as a stress indicator in the experimental
calves in RS and AR groups. The average cortisol value was
higher (P<0.05) in AR calves as compared to RS calves. The
mean values of cortisol in RS group were 140.86 ng ml* and
in AR group were 187.48 ngml, respectively. The results of
cortisol concentration the research trial was supported by
Hernandez et al. (2006) who reported that artificially reared
calves (AR) had a significantly higher level of serum cortisol
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concentration than in those suckling from their mothers (RS).
Acevedo et al.(2005) reported that calves in the RS treatment
displayed lower levels of serum cortisol concentration 24 h
after the beginning of the treatment in comparison with those
in the AR treatment, suggesting that suckling or social contact
may reduce anxiety.

These findings were in agreement with Price et al.(2003) who
showed that the well-being of newly weaned calves was
improved if allowed some social contact with their dams at
weaning. It might have been a wellbeing indicator of calves
with dam and explained the welfare condition of calves (RS)
due to suckling of dams with the effect of mothering behavior
of dams. The stress level was also reduced in natural suckled
calves during isolation test (Duve et al., 2012). Dams tended
to lick calf’s body during suckling might have been a cause of
pleasing hormone to reduce stress in calves. Oxytocin had an
anti-stress effect on calves, such as maintain blood pressure
level and decreased cortisol levels (Lupoli et al., 2001).
Previous studies also explained that higher oxytocin levels
due to suckling in calves lead to lower cortisol levels in the
later part of life (Uddin et al., 2020). The behavioral affection
of cows was missed in AR calves. The daily 60-min suckling
periods probably affect how the animals react to the stress,
resulting in lower cortisol levels. Roth et al.(2009) further
explained in their findings that oxytocin level in restricted
suckled calves was higher than bucket fed calves, although
calves had contact with dam or not. Allowing calves to remain
with the dam until natural weaning simultaneously improved
health reduced the risk of diarrhea through improved
colostrums intake. Licking by the dam might have improved
psychological wellbeing by avoiding the distress of separation
and allowing positive bonding experiences with the dam.
Calves associated with their mothers for two months had also
shown more social behavior and less abnormal oral behavior
i.e.,, cross sucking than the calves separated at day old
(Wagner et al., 2013).

The results for the physiological parameters are non-
significantly different. Both treatments (RS vs AR) did not
affect the rectal temperature of calves, respiration rate, and
heart rate. Restricted suckling and artificial rearing both
groups had similar (P>0.05) mean values for rectal body temp
102°F, respiration rate (56.8), and heart rate 122 in RS. In
contrast, in AR the mean values for respiration rate were 54.4,
and heart rate 127 in AR calves. Acevedo et al. (2005) also
reported non-significant difference in body temperature
between suckling and non-suckling treatments. The non-
significant variation in physiological norms indicated no
distress upon the experimental calves as the heart rate had
been used to monitor animal anxiety and physical activity
(Lefcourt et al., 1999). The little higher values for the
respiration rate in RS might be due to more social behavior
and physical activity. The results are in line with Lefcourt et
al. (1999) who reported that the significant increase found in
the respiration rate of RS calves could be due to from licking

activity observed but not measured in calves during suckling
at pasture. Stéhulova et al.(2008) reported that calves
exhibited an increase in heart rate after separation, probably
indicated an immediate stress reaction due to separation from
the dam. Steinhardt and Thielscher (1999) also reported lower
heart rates in calves that could hear the voice of their mothers,
i.e., RS group as compared to AR group. Acevedo et al.(2005)
reported that calves in the RS treatment showed a higher
respiration rate (44.4+1.73 respirations min-?) than those in
AR (37.8+ 2.5 respirations min), 24 h after the beginning of
the treatment.

Conclusion: The findings of the research revealed that the
effect of mothering behavior was more critical in the pre-
weaning phase with restricted suckling on growth
performance and the welfare of calves as compared to
artificial rearing (bucket feeding). It was found that a positive
effect on growth performance persisted for the first couple of
months (weaning), after that (post-weaning) more stress and
non-significant difference in weight gain was observed. Long
term studies for post-weaning weight gain are desired to study
adaption and positive carry-over effect in RS group.

REFERENCES

Acevedo, N., C. Hernandez, A. Orihuela, L. Lidfors and C.
Berg. 2005. Effect of restricted suckling or temporal
weaning on some physiological and behavioural stress
parameters in Zebu cattle (Bos indicus). Asian-Australas.
J. Anim. Sci. 18:1176-1181.

Abdullah, H.M., L.R. Bielke and Y.A. Helmy. 2019. Effect of
arginine supplementation on growth performance and
immunity of broilers: A Review. J. Glob. Innov. Agric.
Soc. Sci. 7:141-144.

Bajwa, M.H., M.A. Mirza, G. Ahmad and T. Mahmood. 2020.
Comparative efficacy of vitamin D sources on growth
response and bone mineralization in broilers. Pak. J.
Agric. Sci. 57: 255-261.

Aziz ur Rahman, M., X. Chuangi, S. Huawei and C. Binghai.
2017. Effects of hay grass level and its physical form (full
length vs. chopped) on standing time, drinking time, and
social behavior of calves. J. Vet. Behav. 21: 7-12.

Aziz ur Rahman, M., C. Xia, L. Ji, B. Cao and H. Su. 2019.
Nutrient intake, feeding patterns, and abnormal behavior
of growing bulls fed different concentrate levels and a
single fiber source (corn stover silage). J. Vet. Behav. 33:
46-53.

Afzal, M. and A.N. Naqvi. 2004. Livestock resources of
Pakistan: Present status and future trends. Sci. Quart. 9:1-
14.

Ali, S., M. ljaz, A. Ahmed, M.U. Aziz, M. Naveed, M.U.
Javed, Y. Nawab, N.Z. Ghumman and A. Ghaffar. 2020.
Prevalence and associated risk factors of bovine

257



Riaz, Azhar, Sharif, Yagoob, Rashid & Rahman

babesiosis in Lahore, Pakistan. Agrobiol. Records 2:17-
23.

Appleby, M.C., D.M. Weary and B. Chua. 2001. Performance
and feeding behaviour of calves on ad libitum milk from
artificial teats. Appl. Behav. Anim. Sci. 74:191-201.

Bar-Pelled, U., E. Maltz, I. Bruckental, Y. Folman, Y. Kali,
H. Gacitua, A. Lehrer, C. Knight, B. Robinson and H.
Voet. 1995. Relationship between frequent milking or
suckling in early lactation and milk production of high
producing dairy cows. J. Dairy Sci. 78:2726-2736.

Borderas, F., M. Von Keyserlingk, D. Weary and J. Rushen.
2007. Letter to the editor: The effects of force-feeding
sick dairy calves: A comment on Quigley. J. Dairy Sci.
90:3567.

Chen, D., C.Yuanwei, Z. Huabing, X. Kequan, T. Jing, T.
Qiyuan and M.A Rahman. 2019. Effects of replacing
whole-plant corn silage with whole-plant rice silage and
rice straw on growth performance, apparent digestibility
and plasma parameters in growing angus cross bred beef
cattle. Int. J. Agric. Biol: 1116-1122.

Chen, D., A.R. Muhammad, J. Umer, J. Yan, W. Shen and Z.
Liu. 2020. Effects of whole-plant corn silage and rice
straw on sorting and feeding behavior of beef cattle. J.
Glob. Innov. Agric. Soc. Sci. 8:107-113.

Derkho, M., L. Mukhamedyarova, G. Rubjanova, P. Burkov,
T. Schnyakina, P. Shcherbakov, T. Shcherbakova, K.
Stepanova and G. Kazhibayeva. 2019. Erythrocytes and
their transformations in the organism of cows. Int. J. Vet.
Sci. 8:61-66.

Duve, L.R., D. Weary, U. Halekoh and M.B. Jensen. 2012,
The effects of social contact and milk allowance on
responses to handling, play, and social behavior in young
dairy calves. J. Dairy Sci. 95:6571-6581.

Enriquez, D., R. Ungerfeld, G. Quintans, A. Guidoni and M.
Hotzel. 2010. The effects of alternative weaning methods
on behaviour in beef calves. Livest. Sci. 128:20-27.

Flower, F.C. and D.M. Weary. 2001. Effects of early
separation on the dairy cow and calf: 2. Separation at 1
day and 2 weeks after birth. Appl. Behav. Anim. Sci.
70:275-284.

Flower, F.C. and D.M. Weary. 2003. The effects of early
separation on the dairy cow and calf. Anim. Welf.
12:339-348.

Froberg, S., A. Aspegren-Guldorff, 1. Olsson, B. Marin, C.
Berg, C. Hernandez, C. Galina, L. Lidfors and K.
Svennersten-Sjaunja. 2007. Effect of restricted suckling
on milk yield, milk composition and udder health in cows
and behaviour and weight gain in calves, in dual-purpose
cattle in the tropics. Trop. Anim. Health. Prod. 39:71-81.

Froberg, S. and L. Lidfors. 2009. Behaviour of dairy calves
suckling the dam in a barn with automatic milking or
being fed milk substitute from an automatic feeder in a
group pen. Appl. Behav. Anim. Sci. 117:150-158.

Fulkerson, W., R. Hooley and J. Findlay. 1978. Improvement
in milk production of first calf heifers by multiple
suckling. Aust. J. Agric. Res. 29:351-357.

Grgndahl, A.M., E.M. Skancke, C.M. Mejdell and J.H.
Jansen. 2007. Growth rate, health and welfare in a dairy
herd with natural suckling until 6-8 weeks of age: a case
report. Acta. Vet. Scand. 49:16-23.

Hammell, K.L., J.H.M. Metz and P. Mekking. 1988. Sucking
behavior of dairy calves fed milk ad libitum by bucket or
teat. Appl. Anim. Behav. Sci. 20: 275-285

He, Y., W. Niu, Q. Qiu, C. Xia, T. Shao, H. Wang, Q. Li, Z.
Yu, Z. Gao and M.A.U. Rahman. 2018. Effect of calcium
salt of long-chain fatty acids and alfalfa supplementation
on performance of Holstein bulls. Oncotarget 9: 3029.

Hepola, H. 2008. Rearing strategies of young dairy calves in
relation to production, behaviour and welfare.

Hernandez, C., A. Orihuela, S. Fréberg and L. Lidfors. 2006.
Effect of restricted suckling on physiological and
behavioural stress parameters in dual-purpose cattle in
the tropics. Livest. Sci. 99:21-27.

Hussain, M., A. Mahmud, J. Hussain, S. Qaisrani, S.
Mehmood and A. Rehman. 2018. Subsequent effect of
dietary lysine regimens fed in the starter phase on the
growth performance, carcass traits and meat chemical
composition of aseel chicken in the grower phase. Braz.
J. Poultry Sci. 20: 455-462.

Hussain, M., A. Mahmud, J. Hussain, S.N. Qaisrani, S.
Mehmood, S. Ahmad and A.U. Rehman. 2020. Effect of
dietary amino acid regimens on growth performance and
bodyconformation and immune responses in Aseel
chicken. Indian J. Anim. Res. 54: 53-58.

Igbal, Z., Z. Hayat, M. Abdullah, K. Javed and N. Ahamd.
2014. Milk and milk replacer performance in dairy
calves. J. Anim. Pl. Sci. 24:52-54.

Jasper, J. and D. Weary. 2002. Effects of ad libitum milk
intake on dairy calves. J. Dairy. Sci. 85:3054-3058.
Kamal, M.A., M.A. Khalaf, A.M. Zakia and J.K. EL-Jakee.
2019.Effect of water quality parameters on some health
and reproductive indicators in cattle farms associated
emerged epidemics in Egypt.Int. J. Vet. Sci. 8:275-282.

Khalili, H., S. Crosse and T. Varvikko. 1992. The
performance of crossbred dairy calves given different
levels of whole milk and weaned at different ages. Anim.
Prod. 54:191-195

Khan, U.D., A. Khan, S.T. Gul, M.K. Saleemi and X.X. Du.
2020. Seroprevalence of brucellosis in cattle (Bos taurus)
kept in peri urban areas of Pakistan. Agrobiol. Records
1:6-10.

Krohn, C.C. 2001. Effects of different suckling systems on
milk production, udder health, reproduction, calf growth
and some behavioural aspects in high producing dairy
cows—a review. Appl. Behav. Anim. Sci. 72:271-280.

Lefcourt, A.M., B. Erez, M.A. Varner, R. Barfield, and U.
Tasch. 1999. A noninvasive radioelemetry system to

258



Rearing methods affect calves’ performance

monitor heart rate assessing stress responsess of bovines.
J. Dairy. Sci. 82: 1179-1187.

Li, L., Y. He, M. Aziz-ur-Rahman and B. Cao. 2014. Effects
of different dietary energy and rumen-degradable protein
levels on rumen fermentation, nutrients apparent
digestibility and blood biochemical constituents of
chinese crossbred yellow bulls. Pak. Vet. J. 34: 367-371.

Li, L., M.A.U. Rahman, R. Li, J. Hu, Q. Wang and A. Zhang.
2019. Resistant starch type 4 affects colon morphology,
fermentation and microflora in rats. Int. J. Agric. Biol.
22: 665-668.

Lupoli, B., B. Johansson, K. Uvnés-Moberg and K.
Svennersten-Sjaunja. 2001. Effect of suckling on the
release of oxytocin, prolactin, cortisol, gastrin,
cholecystokinin, somatostatin and insulin in dairy cows
and their calves. J. Dairy. Res. 68:175-187.

Mahmood M.A., M. Tufail, M.E. Babar, M. Yaqgoob, T.
Ahmed and H.Nawaz. 1995. Factors effecting calf
mortality in cattle. Pak. J. Agri. Sci. 32:240-45.

Muhammad, A.U., C.Q. Xia and B.H. Cao. 2016. Dietary
forage concentration and particle size affect sorting,
feeding behaviour, intake and growth of Chinese holstein
male calves. J. Anim. Physiol. Anim. Nutr. 100: 217-223.

Muhmmad, A.U.R., T. Zulqurnain, S. Muhammad, Y.
Muhammad, M. Virk, M. Mirza, A. Fawwad and F.
Naeem. 2020. Effect of lysozyme, tributyrin, Bacillus
amyloliquefaciens SC06 and enramycin on growth
performance, nutrient digestibility —and carcass
characteristics of broiler during finisher phase. Pak. J.
Agric. Sci. 57: 949-956.

Metz, J. 1987. Productivity aspects of keeping dairy cow and
calf together in the post-partum period. Livest. Prod. Sci.
16:385-394.

Niu, W., Y. He, C. Xia, M.A.U. Rahman, Q. Qiu, T. Shao, Y.
Liang, L. Ji, H. Wang and B. Cao. 2017. Effects of
replacing Leymus chinensis with whole-crop wheat hay
on Holstein bull apparent digestibility, plasma
parameters, rumen fermentation, and microbiota. Sci.
Rep. 7. 1-12

Orihuela, A. 1990. Effect of calf stimulus on the milk yield of
Zebu-type cattle. Appl. Behav. Anim. Sci. 26:187-190.

Preston, T.R. and L. Vaccaro. 1989. Dual purpose cattle
production systems. In: C.J.C. Phillips (eds), New
Techniques in Cattle Production, Butterworths, London.
Pp. 20-32.

Preston, T.R. 1984. Restricted suckling: effects on cow and
calf performance. Maximum livestock from Minimum
Land, Proceedings of the 4th seminar, 2-4 May 1983,
Bangladesh  Agricultural  University, Mymensingh,
James Cook University of North Queensland,
Townsville, Australia.pp. 54-66.

Price, E., J. Harris, R. Borgwardt, M. Sween and J. Connor.
2003. Fenceline contact of beef calves with their dams at

weaning reduces the negative effects of separation on
behavior and growth rate. J. Anim. Sci. 81:116-121.

Qiu, Q., C. Gao, M. Aziz ur Rahman, B. Cao and H. Su. 2020.
Digestive Ability, Physiological Characteristics, and
Rumen Bacterial Community of Holstein Finishing
Steers in Response to Three Nutrient Density Diets as
Fattening Phases Advanced. Microorganisms 8: 335.

Qiu, Q., C. Gao, Z. Gao, Y. He, B. Cao and H. Su. 2019a.
Temporal Dynamics in Rumen Bacterial Community
Composition of Finishing Steers during an Adaptation
Period of Three Months. Microorganisms 7: 410.

Qiu, Q., T. Shao, Y. He, A.U.R. Muhammad, B. Cao and H.
Su. 2018. Applying real-time quantitative PCR to
diagnosis of freemartin in Holstein cattle by quantifying
SRY gene: a comparison experiment. PeerJ 6: e4616.

Qiu, Q., Y. Zhu, X. Qiu, C. Gao, J. Wang, H. Wang, Y. He,
B. Cao and H. Su. 2019b. Dynamic variations in fecal
bacterial community and fermentation profile of Holstein
steers in response to three stepwise density diets.
Animals 9: 560.

Reinhardt, V. and A. Reinhardt. 1981. Natural sucking
performance and age of weaning in zebu cattle (Bos
indicus). J. Agric. Sci. 96:309-312.

Rehman, A., H. Hesheng, M. Rahman, X. Jingyi, L. Shuang,
G. Yannan and S.H. Qamar. 2019. Evaluation of efficacy
of compound chinese medicinal herbs against
mycoplasma synoviae using different lab tests in mouse
and chicken. Int. J. Agric. Biol. 22: 647-654.

Roth, B.A., K. Barth, L. Gygax and E. Hillmann. 2009.
Influence of artificial vs. mother-bonded rearing on
sucking behaviour, health and weight gain in calves.
Appl. Behav. Anim. Sci. 119:143-150.

Rushen, J., A.M. De Passillé, M.A. Keyserlingk and D.M.
Weary. 2007. The welfare of cattle. Springer Science &
Business Media.

Ryle, M. and E. Orskov. 1990. On milk yields and calf
rearing. Livest. Res. Rural Dev. 2:58-65.

Sanh, M., T. Preston and P. Fajersson. 1995. Effects of
restricted suckling versus artificial rearing on
performance and fertility of Bos taurus and Bos indicus
cows and calves in Tanzania. Livest. Res. Rural Dev.PP.
1-6.

Shahid, R., Z.1. Qureshi, Z.U. Rahman and N. Ahmad. 2019.
Effect of recombinant bovine somatotropin (rbST) and
oxytocin  on health  biomarkers, reproductive
performance and milk composition of Nili-Ravi
buffaloes (Bubalus bubalis). Pak. Vet. J. 39:553-557.

Sharif, M., M. Shoaib, M.A.U. Rahman, F. Ahmad and S.U.
Rehman. 2018. Effect of distillery yeast sludge on growth
performance, nutrient digestibility and slaughter
parameters in Japanese quails. Sci. Rep. 8: 8418.

Sejrsen, K., S. Purup, M. Vestergaard and J. Foldager. 2000.
High body weight gain and reduced bovine mammary

259



Riaz, Azhar, Sharif, Yagoob, Rashid & Rahman

growth: physiological basis and implications for milk
yield potential. Domest. Anim. Endocrinol. 19:93-104.

Su, H., Y. Wang, Q. Zhang, F. Wang, Z. Cao, M.A.U.
Rahman, B. Cao and S. Li. 2013. Responses of energy
balance, physiology, and production for transition dairy
cows fed with a low-energy prepartum diet during hot
season. Trop. Anim. Health Prod. 45: 1495-1503.

Stéhulova, 1., L. Lidfors and M. Spinka. 2008. Response of
dairy cows and calves to early separation: Effect of calf
age and visual and auditory contact after separation.
Appl. Behav. Anim. Sci. 110:144-165.

Steel, R.G., J.H. Torrie and D.A. Dickey. 1997. Principles and
procedures of statistics: A biological approach. McGraw-
Hill.

Steinhardt, M. and H. Thielscher. 1999. Quality of
development and adaptation reactions of dairy calves at
specific age periods in early life. Effect of rearing
variations on proteins and minerals and on metabolic
variables of blood. DTW. Dusch. Tierarztl. 106:510-518.

uddin, A H.M.M., M. Atikuzzaman, M.S. Islam and M.K.
Hossain. 2020. Postpartum cyclicity of Holstein-Friesian
crosshred cows shows relation with serum biochemical
profiles during 45-60 days postpartum. Pak. Vet. J.
40:257-260.

Ventura, B., M. Von Keyserlingk, C. Schuppli and D. Weary.
2013. Views on contentious practices in dairy farming:
The case of early cow-calf separation. J. Dairy Sci.
96:6105-6116.

Wagenaar, J. and J. Langhout. 2007. Practical implications of
increasing ‘natural living’through suckling systems in
organic dairy calf rearing. NJAS-Wagen. J. Life Sci.
54:375-386.

Wagner, K., K. Barth, E. Hillmann, R. Palme, A. Futschik and
S. Waiblinger. 2013. Mother rearing of dairy calves:
Reactions to isolation and to confrontation with an

unfamiliar conspecific in a new environment. Appl.
Behav. Anim. Sci. 147:43-54.

Wang, C., A. Muhammad, Z. Liu, B. Huang and B. Cao. 2016.
Effects of ensiling time on banana pseudo-stem silage
chemical composition, fermentation and in sacco rumen
degradation. J. Anim. Plant Sci. 26: 339-346.

Xia, C., M. Aziz Ur Rahman, H. Yang, T. Shao, Q. Qiu, H.
Su and B. Cao. 2018a. Effect of increased dietary crude
protein levels on production performance, nitrogen
utilisation, blood metabolites and ruminal fermentation
of Holstein bulls. Asian-Australas. J. Anim. Sci. 31:
1643.

Xia, C., Y. Liang, S. Bai, Y. He, A.U.R. Muhammad, H. Su
and B. Cao. 2018b. Effects of harvest time and added
molasses on nutritional content, ensiling characteristics
and in vitro degradation of whole crop wheat. Asian-
Auwustralas. J. Anim. Sci. 31: 354-362.

Xia, C.Q., A.U.R. Muhammad, W. Niu, T. Shao, Q. Qiu, S.
Huawei and B. Cao. 2018c. Effects of dietary forage to
concentrate ratio and wildrye length on nutrient intake,
digestibility, plasma metabolites, ruminal fermentation
and fecal microflora of male Chinese Holstein calves. J.
Integr. Agric. 17: 415-427.

Zhang, X., Z. Wang, A.M. Shah, M.F. Hassan, Q. Peng, R.
Hu, H. Zou, C. Wang, B. Xue, L. Wang and Y. Jiang.
2020. Production performance, metabolic profile and
calcium-regulating hormones of transition dairy cows
with different blood calcium status after parturition. Pak.
Vet. J. 40:19-24.

Zhang, X., M.A.U. Rahman, Z. Xue, X. Wang, Y. He and B.
Cao. 2015. Effect of Post-pubertal Castration of Wannan
Cattle on Daily Weight Gain, Body Condition Scoring
and Level of Blood Hormone. Int. J. Agric. Biol. 17: 334-
338.

[Received 1 May 2020; Accepted 15 sept 2020; Published
(online) 11 Jan 2021]

260



