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Abstract | The objective of this study was to determine the effect of multivitamin and amino acid supplementation
on average daily gain (ADG) in post-weaning dairy calves 4–7 months of age. Thirty-two cross-bred, post-weaning,
female Holstein calves with ADG <0.55 kg/day during the pre-weaning period were enrolled. Age-matched calves
were divided equally into control and treatment groups. The treatment group was supplemented orally with 5 ml of a
multivitamin and amino acid supplement once daily. All calves were weighed on a digital scale at days0, 30, 60, and
90. A generalized least-squares method in the R statistical software package was used to compare ADG between the
control and treatment groups. Treatment, time, and the interaction were fixed effects. Individual calves were assigned
as random effect. The results revealed that the overall ADG was significantly higher (P <0.05) in the treatment group
than in the control group (0.67±0.02 kg vs 0.56±0.04 kg). When each month was examined individually, there was no
significant difference (P>0.05) in ADG between days 30 and 60. However, ADG was significantly higher (P <0.05)
in the treatment group than in the control group (0.68±0.04 kg vs 0.49±0.06 kg) at day 90. In conclusion, the results
strongly supported the hypothesis that multivitamin and amino acid supplementation effectively increase ADG after
administration at day 90 and in the overall post-weaning period in cross-bred female Holstein calves 4–7 months of
age with poor growth rates at pre-weaning.
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Introduction

R

eplacement heifers are the keys to success in dairy
farming, as they increase future dairy production potential. To achieve this, dairy farms would be concern along
since young sucking calves until pregnant heifers preferably during weaning period. Intensive management is especially required in the 4–7 months age range. Particularly,
post-weaning calves require 16% crude protein in their
diets (NRC, 1996). This dietary protein is absorbed in the
form of apparent amino acids from the small intestine and
utilized by growing calves (Santos et al., 1984). Vitamins
and minerals play a vital role for promoting daily bodily functions (MacDowell, 2012; Underwood and Suttle,
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1999). Therefore, post-weaning calves must receive these
nutrients from their forage and a commercial replacer or
concentrated diet.
Even the rumen microbial flora is a rich source of vitamins
(Hill, 1997). The rumen does not become functional with
respect to vitamin synthesis for some time after birth. For
the first few day of life the young calves resemble a non-ruminant in requiring dietary source of the vitamins (Davis
and Drackley, 1998; MacDowell, 2012). Moreover, numerous vitamins and minerals cannot be synthesized by the
animal itself; therefore, dietary supplementation in necessary to achieve the daily requirement (Spears and Weiss,
2014). Furthermore, absorption and utilization are highly
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Table 1: The composition of multivitamins and amino acids per liter
Multivitamins
Vitamin A

Vitamin D3

Concentration Unit
6,000,000

2,000,000

IU

g

Glutamic

18.4

g

2.8

g

Vitamin B12

g

10.0

mg

Vitamin C

3.0

g

Nicotinamide

15.0

g

Vitamin K3
Folic acid

D Panthenol

3.0

0.1

8.0

g

g

Vitamin B2

0.4

10.7

6.2

IU

Vitamin B6

Aspartic

Threonine

3,000
1.0

Amino Acids

IU

Vitamin E

Vitamin B1

Concentration Unit

Serine

Proline

Isoleucine

g

1.8

g

8.3

Methionine

g

2.1

g

5.7

g

Leucine

9.5

g

Tyrosine

3.6

g

Phenylalanine

5.7

Lysine

g

9.2

Histidine

g

2.4

Arginine

Table 2: Nutritional values of feed ingredients

g

7.7

Cysteine

g

g

7.1

Alanine

Valine

g

6.2

Glycine

g

g

8.0

g

6.2

g

Feed

Dry Matter (%)

Crude Protein (%)

NDF (%)

ADF (%)

TDN (%)

Rice straw

88.8

3.6

68.8

42.3

44.0

Para grass

22.6

8.0

66.8

Commercial concentrate diet
90.0
16.0
NDF = Neutral Detergent Fiber, ADF = Acid Detergent Fiber,
TDN = Total Digestible Nutrients
Source: Department of Livestock Development Knowledge Management, Thailand (2009)

dependent on the characteristics of individual calves. Because the rumen epithelium is constituted by papillae, a
structure that enables absorption and utilization of the fermentation end-products, and its development is stimulated
by the most varies abundant produced in the rumen (Tamate et al., 1962).
Eventually, the nutrient intakes of post-weaning calves
may not be sufficient to meet their growing demands. Oral
multivitamin and amino acid supplements for post-weaning calves are efficient absorption at the small intestine
(Sejrsen et al., 2006). Moreover, the gastro-intestinal tract
is the first line of defense of the immune system. Therefore,
nutritional functions of calves may improve the resistance
to gastro-intestinal diseases (Ballou, 2013). This alternative
route may allow calves, especially during rumen development, illness, consumption of a low-quality feed, and period of poor growth, to derive the nutrients they require
from supplementation.

37.8
-

56.0

70.0

of cross-bred Holstein calves in Thailand are generally
poor. Chamsawat and Moonkhaew (2012) reported that
the ADG of cross-bred Holstein calves in Thailand varied from 0.52 to 0.60 kg/day, depending on the duration
of feeding with milk replacer until weaning, whereas the
lower and upper of ADGs for Holstein replacement calves
at 4–7 months of age under ideal management would be
0.77–0.82 kg/day (Patrick, 2018). Therefore, the objective
of this study was to determine the efficiency of administration of oral multivitamins and amino acids as a supplement
for cross-bred Holstein calves at 4–7 months of age under
poor growth rate conditions.

Materials and methods
Animals, Design, and Feeding

All animal care and experimental protocols were approved
by the Laboratory Animal Ethics Committee, Faculty of
Veterinary Medicine, Chiang Mai University (Ref No:
S2/2558). The field trial was designed as a matched pair
The growth rates, expressed as average daily gain (ADG), design by matching calves by age in order to control the
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effect of age. The required sample size was calculated by
using G power software program with repeated measurement design. The power of the test was set to 0.8, and the
α value was 0.05. The results indicated that the experiment
required at least 14 calves in each group. Therefore, a total
of 32 cross-bred, post-weaning, female Holstein calves 4–7
months of age were included in this study. Matched couple
calves were randomly assigned to two groups,16 calves per
each group, a control group and a treatment group. Moreover, all calves enrolled this study were required to have
an ADG lower than 0.55 kg/day during the pre-weaning
period.
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ware program with the “nlme” package was used to compare ADG between the treatment and control groups. The
statistical model included treatment, time, and interaction
between treatment and time as fixed effects. Individual
calves were defined as a random effect.

The GLS model was constructed to test for the overall
effect of treatment on ADG for the whole study (ADG
calculated from day 1 to day 90). Linear contrasts were
performed to analyze the data for specific time points including ADG at day 30, day 60, and day 90.To find the
best fit model, GLS models were constructed with different correlation matrixes, including auto-regressive 1 (ar1),
The treatment group was supplemented orally with 5 ml of compound symmetry, and general symmetry. Then, Akaimultivitamins and amino acids once daily in the morning ke’s Information Criteria (AIC) from each model were
by using a syringe in the inter dental space. The trial lasted compared. The model with the lowest AIC was suggestfor 90 consecutive days. The composition of the multivi- ed as the best fit model. Finally, the ar1 structure had the
tamin and amino acid supplement is presented in Table 1. lowest AIC; therefore, results from the GLS with the ar1
The experimental calves were kept on the same farm under correlation matrix were used to draw conclusions. In adthe same feeding, management, and environmental condi- dition, residuals from the model were tested for model astions. The study calves were group together and separately sumptions such as normality and homogeneity of variance.
between the control and treatment groups in large, open- For all statistical analyses, the level of significance was set
at α=0.05.
air stalls without bedding.
Calves were fed according to the nutritional requirements
outlined by the Department of Livestock Development,
based on their body weight. The basal diets, consisting of
freshly cut para grass and rice straw, were ad libitum fed. The
commercially concentrated diet was separated into equal
portions and fed twice daily in the morning and evening at
2 kg/calf/day. The nutritional values of the feed ingredients
given to calves are shown in Table 2.The animals had free
access to drinking water during the whole experimental period. Changes in feeding management were not allowed in
either experimental group. This experiment was conducted
during dry season (March-August). The experimental farm
was far away from other buildings but surrounded by grass
land and corn field. The average temperature ranged from
28 to 35°C with humidity between 60 to 90%.

Data Collection

Body weight was measured at 0, 30, 60, and 90 days by
using an automatic digital balance. To calculate ADG, the
following formula was used:
ADG (kg/day) =
_current body weight (kg) – previous body weight (kg)_
the number of days between the two measurements (days)
Any significant health problems in the experimental calves
were recorded by the farm`s staff every day.

Statistical Analysis

The data for each calf were correlated; therefore, a generalized least-square (GLS) method in the R statistical soft-
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* Mean values were significantly different (P <0.05)
ADG30 = average daily gain at day 30,
ADG60 = average daily gain at day 60,
ADG90 = average daily gain at day 90,
ADGt = overall average daily gain between day a 1 and 90

Figure 1: Effect of multivitamin and amino acid
supplementation on average dairy gain (ADG) at days 30,
60, and 90 and on overall ADG (days 1–90) in cross-bred,
post-weaning, female Holstein calves 4–7 months of age
with ADG <0.55 kg/day during the pre-weaning period
(n =32).

Results
Mean initial body weight did not differ significantly between the control and treatment groups, indicating no
confounding effect of the individual animals used at the
beginning of the experiment. No interaction effect between treatment and time was found. The only effects on
the ADG were those of multivitamin and amino acid supNE
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plementation and time in each month of the experimental
period.
Regarding Figure 1, ADG at day 90 was significantly
higher (P <0.05) in the treatment group than in the control
group (0.68±0.04 kg vs 0.49±0.06 kg). Moreover, the overall ADG from day 1 until day 90 in the treatment group
was also significantly higher (P <0.05) than in the control
group (0.67±0.02 kg vs 0.56±0.04 kg). However, there was
no significant difference (P>0.05) in ADG between the
treatment and control groups at day 30 and day 60. In addition, there were no clinical health problems in any of the
calves in either group during the study.

Discussion
The results of this study indicate that using multivitamin
and amino acid supplementation for cross-bred, post-weaning, female Holstein calves 4–7 month of age with poor
grow rates, defined as an ADG <0.55 kg/day during the
pre-weaning period, improved ADG at day 90 and overall
ADG from days 1 to 90. Vitamins are important components that support many functions in growing calves. Multivitamin supplementation may enhance dry matter intake
(Salinas-Chavira et al., 2014) and, correspondingly, ADG
in calves with poor growth rates. Most often, vitamin A is
of primary importance because most cattle from growth to
finishing consume conserved forage and high-grain diets
that are low in vitamin A (Hersom and Thrift, 2017). Our
multivitamin supplementation was rich in vitamin A and
could be enriched in a nutritional value as well.
While, vitamin E supplementation alone in calf-fed Holstein steers was not expected to enhance their feed lot
growth performance due to health status may be a factor
in short-term responses to vitamin E supplementation
(Cano et al., 2017). However, our trial study lasted up to
90 days and this period may enough for showed response
effectiveness. In addition, feeding additional vitamin E as
an antioxidant during in the summer season may needed
due to reduce oxidative stress (Nayyar and Jindal, 2010).
The rumen in a dairy calf at 4–7 months of ages is not
yet fully developed, having a small ruminal capacity, low
absorptive capacity, and low population of microorganisms. Directly supplemented amino acids were efficiently
absorbed, as they passed via the small intestine and were
absorbed by the intestinal tissues. This method of supplementation may improve amino acid availability to support
growth performance (Baldwin et al., 2004). Moreover, this
supplementation promoted the effective functional performance of microbial organisms in the rumen (Maeng et al.,
1976). In addition, Kanjanapruthipong (1998) and Hill et
al. (2008)suggested that ADG was improved by adding ly-
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sine, methionine and/or threonine to milk replacer.

There was no significant difference in ADG between the
control and treatment groups at days 30 and 60 of the early experimental period. Several causes of this are possible,
such as genetics, stress, the season, and subclinical diseases
(Galyean et al., 1999; Duff and Galyean, 2007). However, the main effects of ADG are the components of animal diets, including forage, grain, minerals, vitamins, and
feed additives (Parish, 2013). Moreover, the calves in this
study had moved from different free-stall barns and were
kept together once the experiment started. This may have
stimulated stress from the change in environment and feed
source and composition, which may have augmented the
risk of subclinical diseases during the early phase of the
experiment.
The calves in our experiment came from various small holder dairy farms with uncontrollable pre-weaning practices.
Pre-weaning managementis a critical factor that affects
calf growth performance (Step et al., 2008). This factor
may have affected the growth performance of post-weaning calves. However, ADG at day 90 and overall ADG in
the multivitamin and amino acid supplementation groups
were clearly higher than those in the control group. Because multivitamin and amino acid supplementation were
used sufficient successful for conditioning during late experimental period and were more encouraged growth performance.This finding suggested that if one would like to
enhance the growth performance of dairy calves, the longterm uses of multivitamin and amino acid should be considered.
In conclusion, the results strongly support the hypothesis
that multivitamin and amino acid supplementation effectively increase ADG at day 90 and overall ADG in crossbred post-weaning female Holstein calves a 4–7 months
of age with poor growth rates. This field trial suggested
an alternative management method to improve the growth
rates of calves with poor growth performance on a dairy
farm.
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