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Abstract

The objectives of this study were to investigate the effects of amount of milk fed, weaning
age and difference of starter protein levels on growth performance of female Holstein Friesian
calves. Forty Holstein calves were housed in individual boxes. Calves were divided into 2 groups
(n=20); first group was fed with whole milk with the amount of 10 % of their body weight (BW),
while the second group was fed with whole milk with the amount of 8 % of their BW. These 2
groups were divided into sub-groups of calves (n=10 for each) again. One of the sub-groups
was fed with whole milk for a period of 8 weeks, while the other group was fed with whole milk
for a period of 5 weeks. Once again the sub-groups were divided into 2 groups (n=5 for each).
One of these groups was fed with starter diet containing 22 % crude protein (CP), while the
other group was fed with starter diet containing 18 % CP ad libitum as the starting feed. After
an 8-week period, Calves which were fed by the whole milk of %10 of their BW were defined to
be heavier than those which were fed by %8 whole milk of their BW. The effect of weaning age
and protein level of starter on BW was not statistically significant. The results showed that the
body weight gains of the calves receiving milk at 10 % of BW were better, early weaning tended
to increase feed consumption and the protein levels did not affect the performance of calves.

Keywords: calves, amount of milk fed, weaning age, starter protein level, Holstein, body
weight, body measurements

Introduction

Female calves are generally raised to replace cow leaving herd because of aging, yield loss,
beginning of mastitis and further health reasons. Therefore, maintenance and feeding of
calves is important for future of dairy farming.

The NRC (2001) and USDA (2002) recommended 18 % crude protein (CP) in calf starters
and an average weaning age of 8.4 weeks, respectively. Schingoethe et al. (2001) and Amaral-
Phillips (2009) reported that calves should be fed with whole milk or milk replacer at 8 to 10 %
of their birth weight. This amount can be fed in one or two meals a day.

Several studies showed that there are no differences in body weight (BW) between
weaning ages (Hill et al. 2005, Kogak & Gunes 2005, Kehoe et al. 2007). Khan et al. (2007a, b)
and Kehoe et al. (2007) indicated that the feed intake of the early weaned calves was higher
than the conventionally weaned calves. However Kogak & Gunes (2005) and Quigley et al.
(2006) determined that there were no significant differences between early weaned and late
weaned calves.
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Hill et al. (2005) indicated that there were no differences in the performance of calves’ feed
18 and 22 % starters. However, Drackley et al. (2002) found that calves fed with starters
containing 22% CP were more efficient than those fed 18% CP. Sekine et al. (2004) and
Labussiere et al. (2008) showed that performance and feed intake of calves was not affected
by CP concentration of the starters.

Isik & Toker (1980) found that the amount of consumed milk did not affect the BW. Kogak &
Gunes (2005), Kristensen et al. (2007), Tapki (2007) and Kehoe et al. (2007) declared that there
were no significant effects of the amount of consumed milk on BW but significant effects on
feed intake of calves. However, Fiems et al. (2005), Terré et al. (2006) and Khan et al. (20073,
b) found that milk fed level of calves were significant on BW. Moreover, Khan et al. (2007b)
indicated that the feed intake of calves was significant.

The use of consumed milk amount, weaning age and starter protein level were evaluated
separately on calves’ performance by some of the researchers, while some of them studied
and evaluated under the titles of »The weaning age and starter protein«, »Feeding with
received milk and weaning age«. Therefore, the objective of the present study is to determine
the effects of amount of received milk feed, weaning age and starter protein level on growth
performance of female Holstein calves.

Material and methods

All the experimental procedures were reviewed and approved by the Animal Tests Local
Ethical Council of Suleyman Demirel University, Turkey.

Animal, housing and diet

An average of 7.5-day old 40 female Holstein calves were used as research material and
samples were obtained from Isparta, Burdur, Aydin, Izmir and nearby provinces of Turkey.
Prior to the transportation, calves were injected with 5 cm? of Vitamin C and 3 cm? antibiotics
and in order to prevent dehydration, a liquid consisted of sugar and salt is also provided.
After the transportation, calves were injected 3 cm? antibiotics to prevent infection and were
weighed and moved into individual pens (1.0 X 1.5 m). Calves were kept in individual pens
until 1 week after the weaning. Calves were divided into two groups (n=20) randomly; while
the first group were fed with the received milk with the amount of 10% of their live weight,
and the second group were fed with the received milk with the amount of 8 % of their live
weight. These two groups were divided into sub-groups of calves (n=10 for each) again. One
of the sub-groups was fed with received milk for an 8-week period, while the other groups
were fed with received milk for a 5-week period. These sub-groups among themselves were
divided into two sub-groups again (n=5 for each) and one of these was fed with starter diet
containing 22 % CP while the second group received feed containing 18 % CP as the starter.
Calves were fed by whole milk daily at 07:00 and 18:00. Calves were offered water as a free
choice daily.
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Feed nutrient composition

Composition of calf starter, alfalfa hay, whole milk, extraction soybean meal used throughout
the study is presented in Table 1.

Dry matter and ash content in milk was determined by the gravimetric method, fat was
obtained by the Gerber method and protein content of milk was determined by the Kjeldahl
method (Kirdar 2001). The Kjeldahl method was used to determine protein, and ether extract
was determined using the Soxhlet method in starters (AOAC 1990). Acid and Neutral detergent
fibre were analysed by the ANKOM220 Fibre Analyzer (Ankom Technology, Macedon, NY,
USA). Metabolic energy value was calculated according to the TSE (1991) values.

Table 1
Composition of milk, calf starters, alfalfa hay and extraction soybean meal used throughout the study
[tem Milk Starter (1) Starter (2) Alfalfa hay Extracted
soybean meal
Dry matter, % 11.02 90.22 91.44 93.39 90.07
Organic matter, % 7.56 83.62 84.87 83.47 83.58
Crude protein, % 3.27 18.25 21.93 15.06 48.43
Ether extract, % 3.30 4.40 3.35 2.06 1.05
Lactose 4.10
Crude fibre, % - 8.20 8.25 30.49 4.50
Nitrogen free extract®, % - 52.77 51.34 35.86 29.60
Acid detergent fibre, % - - - 29.08 -
Neutral detergent fibre, % - - - 40.19 -
Ash, % 0.35 6.60 6.57 9.92 6.49
ME, kcal/kg - 2632 2651 1631 2800

Faecal scoring and experimental measurements

Scour score was recorded daily according to Kaya et al. (2000) as follows: 1 — normal (soft solid
consistency, no fluid), 2 — soft (semisolid, mostly solid), 3 — runny (semisolid, mostly solid) and
4 — watery (fluid). When diarrhoea cases were seen, oral electrolyte was provided (Baymix,
Bayer AG, Leverkusen, Germany) and it was performed as following: 100 g of oral electrolyte
diluted in 2.0kg of water for each feeding. Body temperatures were recorded daily for each
calf for the end of study. Temperature >39.8 °C were considered to be high fever and calves
were injected with antibiotics and antipyretics. BW of calves was measured weekly by using
a digital weighing scale before feeding with received milk. Body measurements including
body length, wither height, chest depth, chest girth, hip width and height were measured
weekly using measuring stick and tape (Hauptner & Herberholz GmbH & Co. KG, Solingen,
Germany), when calves were standing as described in Ozkaya & Bozkurt (2008). Starter and
alfalfa hay intake was recorded weekly. Starter, alfalfa hay and water were picked up in front
of calves at night before weighing and thus calves were weighed before feeding.

Statistical analysis

The results were assessed by repeated measurements analysis of variance using SPSS 16
(SPSS Inc., Chicago, IL, USA), initial body measurements (body weight [BW], body length [BL],
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wither height [WH], body depth [BD], hip height [HH], hip width [HW], chest girth [CG]) were
used as a covariate, and the Tukey test was conducted to determine the differences between
group means. The statistical model for analysis was given as:

=p+X, +a+ ,Bj +Y, +;1ﬂ,.j +ay, + Bij + ClﬁV,-jk +m Y, Fay, + Bij +yY,, t+ or,BYU_m
Ty

y ijkml

+ayy, + BVijm + afyy.

ijkm ml(ijk) + En(ijkm/)

where Y is the dependent variable, u is the overall mean, Xijkm is the measured value of
covariate, a; is the effect of milk fed factor J, B; is the Effect of weaning age factor j, y,is the
effect of protein level of starter k, 0’/3,-,- is the effect of interaction between milk fed and
weaning age, ay, is the effect of interaction between milk fed and protein level of starter,
Byjk is the effect of interaction between weaning age and protein level of starter, aByijk is the
effect of interaction among milk fed, weaning age and protein level of starter, 7, is the
error 1, Y _is the effect of week factor m, a¥, is the effect of interaction between milk fed
and week, ﬁij is the effect of interaction between weaning age and week, is the effect of
interaction between protein level of starter and week, yY, is the effect of interaction among
milk fed, weaning age and week, aBY; is the effect of interaction among milk fed, protein
level of starter and week, ayY, is the effect of interaction among of weaning age, protein
level of starter and week, aBinjkm is the effect of interaction among milk fed, weaning age,
protein level of starter and week and Yum/mk) + €, m) is the error 2.

There are two levels of milk fed factor (8% and 10 % of their BW), two levels of weaning
age factor (8 and 5 week’s age), two levels of protein level of starter factor (18 % and 22 % CP)
and eight levels of week factor (1st, 2nd, 3rd, 4th, 5th, 6th, 7th, 8th week). Following the total
experiments and the levels of the weeks, repeated measurements were applied.

To minimise the seasonal effects, calves which were brought to the farm in the same

period were distributed into the groups according to the order of arrival.

Results and discussion
Body weight

Average daily weight gain was higher in milk fed 10% BW than received milk fed 8 % BW at
the 8-week age (Table 2) and it was statistically significant (P<0.05). Reducing the amount of
received milk fed was caused the slowdown of calves’ weight gain. One of the major reasons
was that the calves were receiving enough nutrients due to the reduced amount of milk
fed (Appleby et al. 2001). Weight gain of calves could have been affected depending on
the consumption of larger amounts of milk which also increases the digestion capacity and
absorbing more nutrients in milk and these effects the growth of calves (Blum & Baumrucker
2002). Results in study showed similar with Steinhardt et al. (2005), Quigley et al. (2006), Terré
et al. (2006) and Khan et al. (2007a, 2007b) which are reported that depending on consuming
larger amount of milk fed concluded in higher weight gain.

There were no significant differences between weaning age (5 and 8 weeks old) and
protein level of starter (18 and 22 % CP) on BW (Table 2). Early weaned calves encountered
some difficulties adapting to the starter feed and lower feed efficiency could have showed
differences between weights which were weaned 5 and 8 weeks of age (Winter 1978). These
results were similar to those of Ugur et al. (1999), Hill et al. (2005), Kocak & Gunes (2005) and
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Table 2

Effect of amount milk fed, weaning age and starter protein level on final body weight and body measurements

Groups BW, kg BL, cm WH, cm BD, cm HH, cm HW, cm CG, cm DSC, kg DAHC, kg
Mean=SE Mean=SE Mean=SE Mean+SE Mean=SE Mean=SE Mean+SE Mean+SE Mean=SE
Milk fed level
10% BW 61.45+1.82° 80.71+0.66 87.15+0.54° 35.29+0.40 89.91+£0.53 23.69+0.22 86.88+0.86 1.43+0.10 0.33+£0.03
8% BW 55.73+1.82° 80.11+0.65 85.63+0.54° 34.41+0.40 88.64+0.53 23.34+0.22 85.44+0.86 1.28+0.10 0.32+0.03
Weaning age
8-week 59.99+1.82 80.54+0.65 86.90+0.54° 35.26+0.40 89.93+0.53 23.56+0.22° 86.64+0.86 1.02+0.10° 0.32+0.03
5-week 57.18+1.82 80.29+0.65 85.88+0.54° 34.44+0.40 88.62+0.53 23.47+0.22° 85.69+0.86 1.70+0.10° 0.33+£0.03
Starter protein level
18% CP 57.83£1.82 79.30+0.65° 85.79+0.54b 34.46+0.40 88.24+0.53 23.51+0.22 85.48+0.86 1.42+0.10 0.30+0.03
22% CP 59.35+1.82 81.25+0.65° 86.90+0.54° 35.26+0.40 90.31+0.53 23.51+0.22 86.84+0.86 1.31+0.10 0.34+0.03

BW: body weight, BL: body length, WH: wither height, BD: body depth, HH: hip height, HW: hip width, CG: chest girth, DSC: daily starter consumption, DAHC: daily alfalfa hay
consumption, SE:standard error, CP: crude protein, **Means in a group bearing different superscript are significantly different, P<0.05.

Table 3

Interaction between week and starter protein level

Week Body length, cm
Starter protein level
%18 Crude protein %22 Crude protein
Mean+SE Mean+SE
1 68.67+0.25¢ 69.05+0.25¢
2 70.40+0.28%¢ 70.75+0.28%¢
3 71.65+0.355 72.27+0.352
4 73.434£0.41°F 74.20+0.41°%
5 74.99+0.43¢P2 75.93+0.4302
6 76.34+0.4585¢ 77.88+0.458¢
7 77.60+0.53%8 79.53+0.53%8°
8 79.30+0.65" 81.52+0.65%°

SE: standard error, Capital letters show difference between weeks, lower cases show difference between starter protein levels.
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Kehoe et al. (2007). Akayezu et al. (1994) as indicated that calves’ body weight increased
depending on the increase of starter protein level, maximum growth was obtained with the
amount of 19.6 % CP, but there were no advantage of 22.4% CP level. Therefore, although
statistically there is no difference, the reason of lower performance of calves with fed 18 % CP
level starter were fed lower than optimal protein level. The similar results were also observed
in Drackley et al. (2002), Hill et al. (2005) and Labussiere et al. (2008) studies.

Body measurements

Analyses of variance for each parameter (BL, BD, WH, HH, HW and CG) are shown in Table
2. Although the numerical differences were found between amount of milk fed on body
measurements (without WH), these differences were not significant (P>0.05). This is in
agreement with other researcher who reported no significant growth among calves (Tapki
2007). Other researcher reported that the calves were longer and higher in excess milk fed
than small amount of milk fed (Khan et al. 2007a, 2007b). Amount of milk fed was significant
for WH. This result was found similar to Khan et al. (2007a, 2007b). However, Tapki (2007)
reported that there were no differences for WH of calves between amounts of milk fed.

Also there were no significant differences for BL, BD, HH and CG for weaning age (Table
2). This result was similar to Kehoe et al. (2007). However, another research reported that
early weaned calves were shorter than late weaned ones (Khan et al. 2007a, 2007b). Weaning
age was statistically significant for WH and HW. This result was similar to Khan et al. (2007a,
2007b) but that result was not compatible with Hill et al. (2005) and Kehoe et al. (2007).

Starter protein level was significant for BL and WH (Table 2). However, there was no
significance during the first 6 weeks; differences began between 18 to 22 % CP level at 7 and
8 weeks (Table 3). Hill et al. (2005) and Akayezu et al. (1994) reported that starter protein level
did not affect the BL and WH.

There were significant (P<0.05) interactions between week and amounts of milk fed (Table
4) and also among week, weaning age and starter protein level (Table 5) on WH. There were
no significant interaction during the first 6 weeks but significance begins in the 7th and 8th
week.

Table 4
Interaction between week and amount of milk fed
Week Wither height, cm

10% Body weight 8% Body weight

Mean=SE Mean=SE

1 76.62+0.24% 76.30+0.24%
2 78.32+0.38% 77.93+0.387
3 79.95+0.42¢F 79.50+0.42
4 81.47+0.44PF 80.90+0.44P°F
5 82.85+0.45%2 82.10+0.45%
6 84.31+0.5085¢ 83.19+0.505
7 85.83+0.55"82 84.25+0.55"80
8 87.83+0.54" 85.63+0.54%°

SE: standard error, Capital letters show difference between weeks, lower cases show difference between amounts
of milk fed.
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Table 5 showed that there were significant interaction among the week, weaning age and
starter protein level for 7 and 8 weeks (P<0.05) and it was also significant among 6, 7 and 8

weeks on weaning age and starter protein level (22 % CP).

Table 5

Interaction between week, weaning age and starter protein level

Starter protein level Week Wither height, cm

Mean=SE
8 weeks 5 weeks

18 % Crude protein 1 76.35+0.346¢ 76.50+0.34%
2 78.02+0.54F¢2a 78.04+0.54F¢¢
3 79.36+0.60% 79.80£0.59¢
4 80.45+0.63P« 81.05+0.620F
5 81.71+0.65P 82.15+0.64D¢
6 82.72+0.708¢¢ 83.64+0.708¢
7 84.04+0.788¢ 84.78+0.78"8
8 85.39+0.77" 86.18+0.76"

22 % Crude protein 1 76.70+0.346¢ 76.30+0.34%4
2 78.43+0.5476 78.01+0.54FCaa
3 80.54+0.59 79.20£0.59¢a
4 82.30+0.63PE 80.95+0.62P
5 83.79+0.65¢P 82.25+0.64
6 85.48+0.718¢a 83.16+0.708¢®
7 86.86+0.78A%04 84.47+0.7880
8 88.40+0.77 85.57+0.76%

SE: standard error, Capital letters show difference between weeks, lower cases show difference between starter

protein levels and italic letters show difference between weaning ages.

The significant interaction between weaning age and starter protein levels was found on HW

(Table 6).

Table 6

Interaction between weaning ages and starter protein levels on hip width

Weaning age Starter protein level Hip width, cm

Mean+SE

8 weeks 18 % Crude protein 21.37+0.20*
22 % Crude protein 21.83+0.20"

5 weeks 18 % Crude protein 21.84+0.218

22 % Crude protein

21.374£0.21%

SE: standard error, Capital letters show difference between weaning ages, lower cases show difference between

starter protein levels

Feed intake

Means of daily starter consumption of calves are presented in Table 2. There were no
significant differences in amounts of milk fed of calves on daily starter consumption.
Feeding calves milk at 10 % of their BW was begun to early consumption of starter (average
10.8 days) and consequently, because it provided early rumen development of calves, over
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consumption of starter occurred (Blum & Baumrucker 2002). The other reason for it, the
starter feed consumption increased depending on the increasing BW of calves (Koknaroglu
etal. 2006, 2008 and NRC 1996).

Table 2 showed that there were significant differences between weaning ages for daily
starter consumption (P<0.05). Early weaned calves showed more tendencies on starter
consumption. The reason for that, the early weaned calves may provide energy and protein
requirements from starter. The results in this study were similar to Quigley et al. (2006) and
Khan et al. (2007b).

There was no significance between starter protein levels for daily starter consumption
(Table 2). Similar results were obtained with Drackley et al. (2002), Hill et al. (2005) and
Labussiere et al. (2008) who have concluded that there are no effects of starter protein level
on daily starter consumption.

Interaction between week and weaning age were found significant (Table 7). The factor
of weaning age was significant (P<0.05) on daily starter consumption for the 6th, 7th and
8th week. Starter consumption of early weaned calves increased rapidly after weaning. This
result supports Luchini et al. (1991).

Table 7
Interaction between week and weaning age on daily starter consumption
Week Daily starter consumption, kg
8 weeks 5 weeks
Mean=SE Mean=SE
1 0.06+0.01% 0.06+0.01°2
2 0.17+0.02% 0.13+0.02P=
3 0.29+0.030tF 0.24+0.03¢P"
4 0.46+0.050% 0.39+0.052
5 0.60+0.055¢P2 0.56+0.05%
6 0.75+0.0748¢ 1.06+0.078°
7 0.86+0.08"E 1.41£0.08*
8 1.02+0.10% 1.70+0.10%

SE: standard error, Capital letters show difference between weeks, lower cases show difference between weaning
ages.

Means for daily alfalfa hay consumption are presented in Table 2. There were no significant
differences for the amount of milk fed, weaning age and starter protein level on daily alfalfa
hay consumption. Tapki (2007) reported that the amount of milk fed of calves were significant
on daily alfalfa hay consumption. The consumption of alfalfa hay slightly increased in early
weaned calves. This result was similar to Quigley et al. (1991).

Interaction among the amount of milk fed, weaning age and starter protein level on BW
and body measurements at 8 weeks of age are presented in Table 8. The interaction did not
show any significance. The best performance has been obtained from calves, which were
fed with milk 10% BW and weaned 8 weeks of age; also consuming starter contained 22 %
CP. The lowest cost in terms of total cost has been obtained when fed wit milk 8% BW and
weaned 5 weeks of age and also consumed starter contained 22 % CP.
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Table 8
Interaction among amount of milk fed, weaning age and starter protein level on body weight and body
measurements at 8 weeks of age

10% Body weight 8% Body weight
8 weeks 5 weeks 8 weeks 5 weeks
18% CP 22% CP 18% CP 22% CP 18% CP 22% CP 18% CP 22% CP
Mean+SE  Mean+SE ~ Mean+SE ~ Mean+SE  Mean+SE Mean+SE  Mean+SE  Mean+SE

BW,kg 63.53+3.63 64.62+3.63 60.96+3.64 56.64+3.64 51.32+3.64 60.46+3.63 55.46+3.63 55.67+3.64
BL,cm  78.72+1.32 82.90+1.30 80.86%1.32 80.38+1.30 79.15%1.30 81.39+1.31 78.48+1.30 81.42+1.30
WH,cm  87.08+1.08 88.43+1.09 87.22+1.08 85.87+1.08 83.71x1.08 88.38+£1.08 85.14+1.08 85.27+1.09
BD,cm  35.14+0.81 36.08+0.80 35.49+0.81 34.47+0.80 33.76+0.80 36.07+0.80 33.35+0.80 34.45+0.80
HH,cm  89.95+1.06 91.02+£1.06 89.19+1.06 89.50£1.06 86.76+1.06 92.01+1.06 87.06+1.06 88.72+1.06
HW,cm  23.40+0.43 24.04+043 24.22+0.44 23.09+0.43 23.07+0.43 23.73+0.43 23.36+0.43 23.20+0.43
CG,cm  87.03%1.75 88.14+1.71 86.89+1.71 85.47+1.71 82.60+1.71 88.79+1.71 85.40+1.72 84.97+1.71
DSC kg  1.25+0.24 1.07+0.24 197024 1.41£0.24 0.66+0.24 1.09+0.24 1.71+£0.24 1.70+0.19
DAHC kg 0.28+0.06 0.38+0.06 0.30+0.06 0.35£0.06 0.32+0.06 0.28+0.06 0.31+0.06 0.37+0.06
SS 1.5 1.4 1.4 1.4 1.4 1.4 1.4 1.6

BT,°C 389 389 38.9 39.1 39.2 39.0 39.0 39.0

Cost 354.56% 341.34$ 283.70% 300.75% 260.87$ 305.63% 238.36% 260.17$

BW: body weight, BL: body length, WH: wither height, BD: body depth, HH: hip height, HW: hip width, CG:
chest girth, DSC: daily starter consumption, DAHC: daily alfalfa hay consumption, SS: scour score, BT: Body
temperature, CP:crude protein, SE:standard error

Health

During the study, there were no significant differences which have been observed between
scour and body temperatures of calves (Table 8). Hammon et al. (2002) reported that there is
no relationship between amount of milk fed and diarrhoea, but diarrhoea is caused related to
maintenance, housing and hygiene, and this result was supported by Hammon et al. (2002).
Steinhardt & Thielschen (2000) indicated that there was no statistical difference between the
average body temperatures of calves.

In conclusion, rearing of calves to 8 weeks of age with whole milk 10% of their BW and
starter containing 22 % CP yielded better results compared to other composition of feeding.
Farmers should use early weaning program which is milk fed 8 % BW to 5 weeks of age and
starter is contained 18 % CP with good feeding and management conditions, when the milk
costs are increased in Turkey.
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