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Background and Objectives: Mature milk is the most complete feed for
weaning calf, but the use of liquid feeds such as milk replacers, transition
milk (TM), and waste milk results in maximum benefit due to their lower
cost. This experiment aimed to study the effect of extended transition milk
feeding on nutrients intake, feeding behavior, and rumination pattern of
Holstein dairy calves.

Materials and Methods: Calves were enrolled in the study in
chronological order according to their birth date. During 21 consecutive
days, calves were enrolled in the individual pens (4 calves daily; one calf
per treatment per day) progressively as born. A total of 84 healthy newborn
female Holstein calves (3 days of age; BW = 35.8 + 0.56 kg) were
randomly allocated to four experimental groups. Four groups included:1-
TMO, daily pooled 6 | pasteurized waste milk, 2- TMO.5, a daily mixture of
5.5 | pooled pasteurized waste milk with 0.5 | pooled pasteurized TM, 3-
TM1, a daily mixture of pooled pasteurized waste milk with 1 | pooled
pasteurized TM, and 4- TM2, a daily mixture of 4 | pooled pasteurized
waste milk with 2 | pooled pasteurized TM. Treatments were applied for 21
days and all calves were then fed individually with 6 I/day pooled
pasteurized waste milk till day 60. Individual daily feed intake, particle size
intake of starter diet, sorting index, and feeding behavior were determined.

Results: The results showed that the interaction of period and level of TM
and level of TM had no effect on starter nutrient intake. However, intake of
dry matter, crude protein, neutral detergent fiber, non-fibrous
carbohydrates, and ether extract were higher in post-weaning period than in
the pre-weaning period for all experimental groups. Feed sorting index data
showed that calves selected feed particles with 2.36 mm and calved fed
TMO had the highest sorting value for particle size of 2.36 mm. Particle
size intake of starter diet nutrients was not different among experimental
groups. The interaction of period and level of TM had no significant effect
on feeding behavior and meal pattern. However, meal interval was affected
by the interaction of period and level of TM, so that calves received 1 L
TM had the greatest meal interval. Furthermore, calves that received 2 L
TM had the highest eating time.

\R2¥



Conclusion: The results showed that mature milk could be replaced by TM
in dairy calf nutrition without any negative effect on dry matter intake and
feeding behavior.
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Table 1- Nutrient composition of transition milk (TM) and the experimental liquid feeds of neonatal calf

Lhlesl slales
Experimental treatments EES e
Gl
™?2 ™1 T™MO05 T™O S Parameter
Transition milk
13.73+1.15 12.68+1.24 1216+136 11.63+1.36 17.93 +£2.45 DM S ole
&:’”’L’)’(‘L’Laxjﬂwﬁ
28.76+0.98 28.65+0.90 28.59+091 28.54+1.39 29.20 +2.06
CP, % of DM
St osle 53 oo Ao
23.62+255 23.89+237 24.02+242 2415+381 22.57 +5.41
EE, % of DM
52 05 S) Sl s e LB (55
5.08 +0.11 5.09 +0.10 5.09 +0.10 5.10+0.16 5.03+0.23 (i 3le

ME (Mcal/kg DM)

dels byl (slaey S-)
Slels s 2 Veaseil s sbdle S = TMO

S e 20 s el Sluls e 2 0/0 byli siS il s cladle S = TMOS
SN i I el Glls i 1) 0 bl sl s sl S = TM1
S et A Y s ol Sl i 2§ bl srsEil s gladle S = TM2
Treatments were: TMO = calves received 6 | pasteurized waste milk daily, TMO0.5 = calves received a daily mixture of

5.5 | pasteurized waste milk and 0.5 | pasteurized TM, TM1 = calves received a daily mixture of 5 | pasteurized waste
milk and 1 | pasteurized TM, and TM2 = calves received a daily mixture of 4 | pasteurized waste milk and 2 |

pasteurized TM.
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Table 2. Ingredients, chemical composition (%
of DM unless otherwise noted), and physical
characteristics of the starter diet

RPN Sl esle
Percentage Feedstuff
46 r,\,S oS
Wheat straw
o IQ 3
44.6 el

Corn grain, ground
ol ultwui s Ll

7.7 .
Barley grain, ground
by llmS
325 o
Soybean meal
19 ko P
Soybean, full fat
2.9 Al 2
Fish meal
10 s Joso
Vitamin supplement
AN
1.0 e JoSe
Mineral supplement
1.0 et S
Calcium carbonate
15 e S
Sodium bicarbonate
0.2 St S
Calcium phosphate
03 e eS|
Magnesium oxide
05 S
Salt
0.3 S
Bentonite
S5 5 a3l e
Nutrients and energy
898 S a:LA
DM
22.4 15 oS

CP
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Yijkim = 1 + Calf; + Diet,— + Time, + (Diet X
Time)j + B (Xi —X) + Ejju + €ijiim

) o3l S ((Yijm) ail s ke
oy Sl 3 5(Calf) I S sl sl
il «(Time) oy ol 1 «(Diet) —iolos]
e (Diet x Timej) Olaj 5o o S en
O S5 it Sl B s BXi—X) s
S e3l it Sl (SaS 58 ay anly (S8
I X 5 ol Sy S i Xy o
sl (Ejj) a0 goi glles ¢ S8 o506 IS

(Eijam) Jiglﬁj

s g 5 s e 5 JWE 8 S s s

el s (S esle Gpae s S0 JU
Slaslidas s S (o2 oy pd 53 Jolosls SU
Jsdor) Sl 3l o a5 SU 2
G 3130 O rmn 5 351 513 ime 5p35 Sl 4 1.8

31 e eun ) i 6J:§f-“ O s o932

46.1 S pf sbohdns S
NFC
NDF
5.4 aaltied
EE
0.76 =
C
0.52 .
P
3.05 (Mcal/kg DM) 5l oot s LG (5550
ME
243 (Mcal/kg DM) ¢l Lol (g5 5!
NEm
185 (Mcal/lkg DM) ., el (g5 5!
NEg

1500000 IU/KG A olzs:ols pwlns JoSe oS 5 -)
.250000 D pelu 5 10000 IU/KG E -yl

PPMATevr o PPMAYe e K ol Sdas JoSe S 5 =Y
PPM Y+ 4y s PPM Y LS PPM A+ o5k PPMYOL s o
1.Contained per kilogram of the supplement:
1500000 IU of vitamin A, 10000 IU of vitamin E,
and 250000 IU of vitamin D.
2. Contained per kilogram of the supplement: 12 g of
Mn, 16 g of Zn, 3.5 g of Cu, 80 mg of Se, 120 mg of
Co, and 120 mg of I.

3T 6 153 6310 w35 Y Jgd

Table 3- Particle size distribution of starter diet

Aoy B
Percentage Item
14 ek /YO S
Sieve 4.75 mm
103 S Y S
Sieve 2.36 mm
13.7 Sade VA S
Sieve 1.18 mm
321 PP WRVAREN|
Sieve 0.6 mm
42,5 il
Pan
0.12 pef>2,36
0.25 pef>]_.]_g
0.58 pef>0.6
1.9 peNDF>2.36
4.2 peNDF>1llg
9.5 peNDF>0,6
0.82 "3 o3Il ki S5l
Xgm, mm
0.60 s il
SDgm, mm

T P St BRPRCH W U PR U PP | JUPS: RPN < IR
(V) 4é 4l ASAE

1. Geometric mean particle size and geometric SD of
particle size calculated according to ASAE (1).
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Table 4- Starter nutrients intake (g/d) of dairy calves fed different levels of transition milk

Sols sme cla« Ji.lb:ﬂ Slaos S
sl )
P- value Experimental groups el b
ol wp s O e 0 WS e A VAt Parameter
TxP P T SEM e gy T e
Q:’)IL&I e S osle c_éf.a.a
Starter DM intake
075 0001 019 2177 480 455 500 515 QB 590) 68 3l
Pre-weaning (d 1 to 60)
061 0001 025 8045 3092 2975 2871 2051 UV S eSSl
Post-weaning (d 61 to 90)
0.44 0.001 030 63.85 2640 2523 2478 2558 d 511090 4 Goy 5y,
L'):!‘).L.&IAJ:.‘{' fl;.'O'J'S}J'—f c_éj,a,a
Starter CP intake
075 0001 019 487 108 102 112 115 Qe 6 550) 68 Sl
Pre-weaning (d 1 to 60)
061 0001 025 18.02 692 666 643 661 QB 550) 682 oy
Post-weaning (d 61 to 90)
044 0001 030 14.30 501 565 555 573 d51t090 Loy,
U,»)LOI o o NDF g_éjm
Starter NDF intake
074 0001 021 3.61 80 76 83 85 QB 50 sl o
Pre-weaning (d 1 to 60)
061 0001 025 1335 513 494 477 agn G EV IS
Post-weaning (d 61 to 90)
044 0001 030 10.60 438 419 411 425 d51t090 Loy,
kaj o o NFC g_éjw
Starter NFC intake
075 0001 019 1003 221 210 231 238 Qe 6 550) 68 o Sl
Pre-weaning (d 1 to 60)
061 0001 025 37.08 1425 1372 1323 1360 OV I oS
Post-weaning (d 61 to 90)
0.44 0.001 0.30 29.43 1217 1163 1142 1179 d51to90 4ol 5y
ol g o o
Starter EE intake
075 0001 019 117 2 25 27 28 Qe 6 550) 65 5l
Pre-weaning (d 1 to 60)
061 0001 025 434 167 161 155 159 VBV ) S o
Post-weaning (d 61 to 90)
044 0001 030 3.44 143 136 134 138 d51t090 4o 5y,

Treatments were: 1. TMO = calves received 6 | pasteurized waste milk daily, 2. TM0.5 = calves received a daily
mixture of 5.5 | pasteurized waste milk and 0.5 | pasteurized TM, 3. TM1 = calves received a daily mixture of 5 |
pasteurized waste milk and 1 | pasteurized TM, and 4. TM2 = calves received a daily mixture of 4 | pasteurized waste
milk and 2 | pasteurized TM.
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Table 5- Growth and skeletal traits of dairy calves fed different levels of transition milk

Sols sme Cla..ﬂ _;."L.lbeﬂ Slaes S
P- value s Experimental groups
 TAs A% A e
o ledepss Sl F o " " Vals Parameter
TxP P T SEM 2 “.‘ Al ”.. Y ”..
St T T e
(¢ S 58) 0 035
Body weight (kg)
Vg aJ
- - 0.93 0.56 35.6 35.7 35.8 36.1 _ _ (O 5p) e
First day weight
- - 027 128 82.7 79.1 80.4 80.0 ~ Weaning weight (5,5 .=
- - 004 173  1182° 1124® 1139® 1115° Final weight S
(oo ) e U
Body length(cm)
020 0001 004 030 493% 500° 488" 4g5® ' U)in) sl
Pre weaning (day 1-60)
064 0001 091 096 620 620  6L8 627 v Mot o
Post weaning (day 61 -90)
081 0001 041 041 535 54.0 53.1 53.9 SNEASTIRESENY
Overall (day 1-90)
(e s5la) O Ges
Body depth (cm)
051 0001 022 070 1005 1007 1020 1027 Ot
Pre weaning (day 1-60)
075 0001 095 138 1309 1301 1300 1299 v UM I el
Post weaning (day 61 -90)
080 0001 067 075 1113 1105 1113 1118 QBN 50005 J
Overall (day 1-90)
Gresle) on gl
Hip height (cm)
045 0001 012 038 81 83 83 g5z o C)esmil
Pre weaning (day 1-60)
061 0001 025 047 979 971 966 968 o UM )esstd o
Post weaning (day 61 -90)
031 0001 011 036 900 899 891 891 A BY 500005 Js
Overall (day 1-90)
(o) oor 252
Hip width (cm)
041 0001 006 010 163 162 164 160 v CU))eesilos
Pre weaning (day 1-60)
072 0001 066 088 196 104 207 204 UV )essAon
Post weaning (day 61 -90)
090 0001 067 031 174 173 178 175 QBN 5005 I

Overall (day 1-90)

Treatments were: 1. TMO = calves received 6 | pasteurized waste milk daily, 2. TM0.5 = calves received a daily
mixture of 5.5 | pasteurized waste milk and 0.5 | pasteurized TM, 3. TM1 = calves received a daily mixture of 5 |
pasteurized waste milk and 1 | pasteurized TM, 4. TM2 = calves received a daily mixture of 4 | pasteurized waste
milk and 2 | pasteurized TM.

*Means within a row with different superscripts are significantly different (P< 0.05).

Ny

(P<erv0) aab o losl slajloas oKl o ls e Dl 55 Slo oy a3 oSl bl o Gy >
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Table 6- Sorting index and particle size intake (g/d) of dairy calves fed different levels of transition milk
Sols sme cla« Ji.lb:ﬂ L;Lasa}ﬁ
P- value Experimental groups y
b les . ) o s
b e )T L A A A Vs Parameter
TxP ) o Flsl s T s T sl
SEM
(1) Sl jartls
Sorting index (%)
0.11 0.06 0.59 1.19 95.2" 96.5" 97.3" 96.9" 4.75 mm
0.16 015  0.22 0.66 103.4" 103.97 104.7 105.2" 2.36 mm
0.41 0.04 0.95 0.45 100.1™ 99.9™ 100.2™ 100.1™ 1.18 mm
0.19 012 o011 0.24 98.2" 98.3" 97.8" 97.5 0.6 mm
0.24 0.13  0.96 0.29 100.7° 100.5 100.6°  100.7" o
Pan
Cl"' s n b
Gso o2 pS)
CP intake (g/d)
0.17 0.001 0.64 0.31 8 8 8 8 4,75 mm
0.35 0.001 0.42 2.13 64 60 60 62 2.36 mm
0.46 0.001 0.37 2.84 83 78 77 80 1.18 mm
0.45 0.001 0.36 6.59 192 179 176 182 0.6 mm
0.39 0.001 0.34 8.73 259 242 239 248 Pan .
(j))):r‘)?)NDFQJm
NDF intake (g/d)
0.17 0.001 0.63 0.23 6 6 6 6 4.75 mm
0.35 0.001 0.42 1.58 48 45 44 46 2.36 mm
0.45 0.001 0.37 2.10 62 58 57 59 1.18 mm
0.45 0.36 4.89 142 133 131 135 0.6 mm
0.39 0.001 0.34 6.47 192 180 177 184 Pan .
()‘9)):€J§)NFC&_$J~A.&
NFC intake (g/d)
0.18 0.001 0.63 0.65 17 16 16 17 4.75 mm
0.35 0.001 0.42 4.39 132 124 123 128 2.36 mm
0.45 0.001 0.37 5.84 172 161 159 164 1.18 mm
0.45 0.001 0.36 13.58 394 369 363 375 0.6 mm
0.39 0.001 0.34 17.98 534 499 492 511 Pan ..
o e
Gay 2 (;)
EE intake (g/d)
0.18 0.001 0.63 0.07 2 2 2 2 4.75 mm
0.36 0.001 0.42 0.51 15 15 14 15 2.36 mm
0.45 0.001 0.37 0.68 20 19 19 19 1.18 mm
0.45 0.001 0.36 1.59 46 43 43 44 0.6 mm
0.39 0.001 0.34 2.10 63 58 58 60 Pan ..

Treatments were: 1. TMO = calves received 6 | pasteurized waste milk daily, 2. TM0.5 = calves received a daily
mixture of 5.5 | pasteurized waste milk and 0.5 | pasteurized TM, 3. TM1 = calves received a daily mixture of 5 |
pasteurized waste milk and 1 | pasteurized TM, and 4. TM2 = calves received a daily mixture of 4 | pasteurized waste
milk and 2 | pasteurized TM.
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Table 7- Meal and rumination patterns and behaviors of dairy calves fed different levels of transition milk

Sols sme Cla..ﬂ _;."L.lbeﬂ Slaes S
P- value o Experimental groups
. . . . ol 3
) ) o e A I A~ 2
03937 sles eu0 oles . . . . Vs Parameter
SEM S S e
TP P T . . .
St st st
Meal Sy
0.46 0.001 0.12 0.23 7.4 75 8.0 7.3 Bouts (frequency)/8h .
0.39 0.001  0.60 0.27 8.2 8.7 8.4 8.6 Length, min 4ids (s

0.32 0.001  0.01 4.97 66.6° 70.3 49.9° 65.0°  Interval, min  «i3s wlol

el o $ /03,2 Ol
028 000l 009 085 14.1 156  17.0 160 e e ot ol
Eating rate, g of starter

iz aale rjf “5\))5- c)'\J.'u\

0.54 0.001 0.98 8.05 144.3 142.5 142.3 140.3 el e

Meal size, g of starter DM
w)l.&]aj;_-&w;-‘ = osle e

0.13 0.001 015  74.35 1178 1168 1190 1041 (celuh 3 0.9
Starter DM intake, g/8h
Rumination Sl
0.49 0.08 0.82 0.23 6.2 6.0 6.0 6.2 Bouts (frequency)/8h .2

0.43 0.03  0.60 0.41 12.0 11.3 11.8 11.8  Length, min i3 (e
0.60 0.16  0.97 3.75 60.3 60.5 62.4 61.4  Interval, min i3> wlols
0.50 0.001 0.002 232 75.3% 69.4% 66.9° 63.2°  Eating, min  4ids s,

065 0001 057 361 775 711 756 728 o el
Ruminating, min

235 o e B
052 0001 022 642 2880 2975 2965 3013 2028 el

Resting, min

135 0 2]

091 0001 08 097 13.6 141 137 13.1 R
Drinking, min

o -

081 0001 044  1.87 25.6 27.9 273 29.6 Sl 2 sl
*NNOB, min

4285 (Osls!

047 0001 094 358 1682 1654 1653  166.3 _ : :
Standing

423> sﬁ):bv)
047 0001 094 358 3118 3146 3142 3137 o
Lying, min

Treatments were: 1. TMO = calves received 6 | pasteurized waste milk daily, 2. TMO0.5 = calves received a daily
mixture of 5.5 | pasteurized waste milk and 0.5 | pasteurized TM, 3. TM1 = calves received a daily mixture of 5 |
pasteurized waste milk and 1 | pasteurized TM, and 4. TM2 = calves received a daily mixture of 4 | pasteurized waste
milk and 2 | pasteurized TM.

(P<erv0) wilo oialasT lasbe 0l o s ine O 355 Sl sy o8 3 el il i Gy T
+tMeans within a row with different superscripts are significantly different (P< 0.05).
* non-nutritive oral behaviors
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