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ABSTRACT

The aim of this study was to investigate the interaction effects between feed bunk spaces and forage particle size on
feeding behaviors of female Holstein calves. This study was done on 40 Holstein heifers aged 8-12 months and
average mean weight 295.62+32.86 kg in a factorial change over design 2x2 (four periods with a length of each
period of 25 days). The sole differences between treatments was related to forage (alfalfa hay and wheat straw length)
as these forage were cut off by cutter with 3 cm pore size sieve (fine diet) and 6 cm pore size sieve (coarse diet)
before adding to feeder mixer wagon. Treatments in this experiment included: 1) treatment with 24 cm of feed bunk
space and forage with fine particle size (24/fin), 2) treatment with 24 cm of feed bunk space and forage with coarse
particle size (24/coarse), 3) treatment with 48 cm of feed bunk space and forage with fine particle size (48/fin), 4)
treatment with 48 cm of feed bunk space and forage with coarse particle size (48/coarse). The results showed that the
feed intake time was higher during 24 hours for treatments with free bunk space (48 cm) compared to treatments with
a limited bunk space (24 cm) (p <0.05). The results showed that in case of access of calves to free bunk space, the
feed particle size did not affect the intensity of competition, while in the case of a limited bunk space, the intensity of
competition for coarse particle size was greater than that of fine particle size (p<0.05).

Keywords: Factorial change over design, feed behaviors, feed bunk space, female Holstein calve, forage particle size.
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Table 1. Distribution and geometrical mean particle size (mm) for Alfalfa hay, wheat straw and total mixed ration (TMR)

Screen Pore Size Alfalfa hay Wheat Straw TMR
(mm) 5cm 10cm 5¢cm 10cm 5cm 10cm
Upper Sieve 19 20 20 19 24 11.7 30.3
Middle Sieve 8 36 62 38 64 37.8 34.7
Lower Sieve 1.18 30 15 31 9 315 22.6
Bottom pan 14 4 12 4 19.0 125
Geometrical mean Particle Size (mm)* 7.1 11.2 7.3 12.5 5.6 9.0
NDF 45.4 45.4 65.2 64.2 49.7 50.7
PeNDF? 25.3 37.2 37.2 56.5 24.6 33
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PeNDF (%) = (% Particles on 19mm sieve + % particles on 8mm sieve) x % NDF TMR (DM)

1. The geometric mean of particle size was calculated by relation 2.

2. The method of calculating the physical effective NDF of two sieve. PeNDF (%) = (% Particles on 19mm sieve + % particles on 8mm sieve) x %

NDF TMR (DM)
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Table 2. The ingredients and chemical composition
of experimental diet fed to the Holstein female calves

Ingredient, (% DM basis)

Alfalfa’ 16.21
Corn silage 36.63
Wheat straw * 21.08
Barely grain 7.83
Wheat bran 4.17
Rice bran 5.22
Soybean meal 5.74
Meat meal 131
Min-Vit premix 0.52
Salt 0.26
Calcium 0.26
carbonate

Zeolite 0.73
Toxin binder 0.05
Chemical composition (in DM)

NEL (Mcal/kg) 1.32
CP (%) * 12.79
RDP (% of CP) 66.76
EE (%) 3.39
NDF (% )* 50.19
ADF (%) 30.68
NFC (%) 25.22
Ca (%) 0.85
P (%) 0.52
Mg (%) 0.3
Zn (ppm) 189
Mn (ppm) 218
Fe (ppm) 358
Cu (ppm) 49
Se (ppm) 1.4
I (ppm) 24
Co (ppm) 0.7
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1. Neutral detergent fiber for alfalfa hay and wheat stew was 45.4
and 65.2 respectively.
2. Each kilogram of vitamin-mineral premix consisted of the
following ingredients: 800,000 IU vitamin A, 150,000 IU vitamin
D3, 2,000 IU vitamin E, 160 mg Ca, 20 g P, 30 g S, 30 g Na, 40 g
Mg, 4000 mg Mn, 7000 mg Zn, 3000 mg Fe, 3000 mg Cu, 60 mg Se,
80 mg I, 50 mg Co and 2,000 mg Antioxidant.
* Items in the nutrition laboratory of the Department of Animal
Science University of Tehran were measured.
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Table 3. The interaction effect of bunk space and forage particle size on feeding behavior and peak displacement of
Holstein female calves

Treatments*
24/Fine 24/Coarse 48/Fine 48/Coarse SEM P-value

Dry matter intake (Kg/d) 8.02 7.6 7.84 7.7 0.121 0.099
Feeding behavior

Peak Displacements, no./d** 168.25° 201.75° 50.58 ¢ 50.08 © 15.803 <0.0001
Eating time

min/d 192.75¢ 210.25° 199.88° 215.50° 1.935 0.001

min/kg of DM 24.07° 27.75% 25.53° 28.02% 0.308 <0.0001

min/kg of NDF 48.51° 54.71° 51.45" 55.23° 0.495 <0.0001
Rumination time

min/d 228.65° 244.00° 230.10° 246.90° 2.575 0.005

min/kg of DM 28.51° 32.15% 29.35° 32.05° 0.317 <0.0001

min/kg of NDF 57.50° 63.38° 59.17° 63.21° 0.562 <0.0001
Chewing time (Rumination time + Eating time)

min/d 421.4° 454.25° 429.95° 462.35° 3.967 0.001

min/kg of DM 52.58°¢ 59.91% 54.88° 60.07% 0.549 <0.0001

min/kg of NDF 106.01 ¢ 118.09 ¢ 110.61° 118.44° 0.870 <0.0001
Rest time

min/d 1019.15° 986.25°¢ 1010.45° 978.10 ¢ 3.97 0.001

<1+ 0) 35,18 (g s e BB o b 5,5 S i sl > e G 0 a8 Sl Sl ( S 9051 b Sl dslie b, c, d
sl FA 15 JFA casjo &gle )3 5310l g ,95 T (slad e il YE i oIV o5y, &dgle )3 55103l g 95T (glad yio LV ¥ 5 JYF dlo Lo 3
sy ol 3l g a5 T (glad e SLuFA 1ol SIFA Gy )3 8lal g ye5T glab
(STyss 8o 50 5l G Celis 4w B) S1y93 Bran zgl sloceln o 53T 5 olals i B, God

a, b, ¢, d: Average comparison with Tukey test, Values within rows without a common superscript differ (P<0.05).
* Treatments: 24/Fine: 24 cm. Feed bunk space and fine forage particle size, 24/Coarse: 24 cm. Feed bunk space and coarse forage particle size,

48/Fine. 48 cm. Feed bunk space and fine forage particle size, 48/Coarse. 48 cm. Feed bunk space and coarse forage particle size.
** Competition intensity: The number of movements per feed bunk at peak hours of feed intake (up to three hours later delivering the feed).
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Table 4. The main effect of bunk space and Forage particle size on feeding behavior and peak displacement of
Holstein female calves

Feed bunk space”

Particle size”

o 8 SEM p-value Fine Coarse SEM p-value
Dry matter intake (Kg/d) 7.81 7.77 0.085 0.627 7.932 7.65° 0.085 0.004
Feeding behavior
Peak Displacements, no./d”™ 185° 50.33° 1.565 <0.0001 125.92% 109.42° 1.565 <0.0001
Eating time
min/d 2105° 207.62° 0.993 <0.0001 196.31° 212.88° 0.993 <0.0001
min/kg of DM 25.91° 26.77° 0.222 0.008 24.8° 27.88°2 0.222 <0.0001
min/kg of NDF 51.61° 53.34° 0.383 0.001 49.98° 54.97 2 0.383 <0.0001
Rumination time
min/d 236.33 238.50 1.270 0.231 229.38° 245.45% 1.270 <0.0001
min/kg of DM 30.33 30.70 0.231 0.241 28.93° 32.10° 0.231 <0.0001
min/kg of NDF 60.44 61.19 0.460 0.122 58.33° 63.30°% 0.460 <0.0001
Chewing time
min/d 437.83° 446.15° 1.519 0.0003 425.68° 485.31% 1.519 <0.0001
min/kg of DM 56.24 " 57.48%  0.396 0.032 53.73° 59.99°  0.396  <0.0001
min/kg of NDF 112.05° 114.53% 0.737 0.001 108.31° 118.27% 0.737 <0.0001
Reast time
min/d 1002.7  994.28° 1510 0.0002 1014.8° 98218 1510  <0.0001

Q< 10) 35l (gl e BB w2 b 05 lai S i slod > o G 0 a8 Sla Sl ( S5 905l b nSilee dslie b
(S ydg3,) adsle )3 851ail ((@lusS Lol o glil 4y yio il TA g YF) jo3T glad : Lol 1%
(Slysr ds e 5l Celo 4w ) STye5 B yan gl sloceln jo JrCaJowe el el iculd, Gl

a, b: Average comparison with Tukey test, Values within rows without a common superscript differ (P<0.05).
* Simple effects: the feed bunk space (24 and 48 centimeters per calve), forage particle size (Fine and Coarse).
** Competition intensity: The number of movements per feed bunk at peak hours of feed intake (up to three hours later delivering the feed).
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