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Table 1. Ingredients and chemical composition of experimental diets on DM basis.

Composition

No oil supplement

Oil supplement

Ingredient, % of DM

Alfalfa hay

Corn silage

Ground barley

Wheat bran

Soybean meal

Yellow grease!
Calcium carbonate
Vitamin-mineral mix>
Salt

Chemical composition
DM, %

NE3?, Mcal/kg of DM
CP, % of DM

Ether extract, % of DM
NDF, % of DM
NFEC*, % of DM

Ash, % of DM
peNDF? > 8mm
peNDF¢> 1.18mm

25 25
35 35
16.11 16.11
11.11 7.22
11.11 12.5
- 2.5
0.83 0.83
0.56 0.56
0.28 0.28
50+25 50+2.1
1.52 1.64
15.21+0.15 15.17+0.12
2.84+0.08 5.34+0.06
36.5+0.21 35+0.26
37.05+0.19 36.19+0.21
84+0.1 8.340.1
18.6 £ 0.5 18.09+0.5
27.5+0.6 26.88+0.6

"Mainly consisted of soybean, sunflower, cotton seed and palm oil, and mixture of fatty acids contain; 0.10% C14:0,
10.96% C16:0,0.14% C16:1, 3.85% C18:0, 25.39% C18:1, 53.20% C18:2, 6.01% C18:3 and other fatty acids 0.35%.
2Supplied 196000, 96000, 19000, 46000, 3000, 300, 2000, 3000, 100, 100, 1 and 400 mg/kg of diet DM of calcium,
phosphorus, magnesium, sodium, iron, copper, manganese, zinc, cobalt, iodine, selenium, antioxidant, respectively, as

well as vitamin A (3,000 IU/kg), vitamin D (800 IU/kg), and vitamin E (6 TU/kg).

3Based on tabular values (NRC, 2001).

4Calculated by difference 100 — (% NDF + % CP + % fat + % ash).
SPhysically effective NDF > 8.0 = % of particles >8.98 mm X NDF of whole sample (similar to top 2 sieves of PSPS)

(Kononoff et al., 2003).

®Physically effective NDF > 1.18 = % of particles >1.65 mm X NDF of whole sample (similar to top 3 sieves in PSPS)

(Kononoff et al., 2003).
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Table 2. Effects of feeding frequency and oil supplementation on dry mater intake (DMI) and milk yield (kg/d)

Treatment'
3x 1x P-value?
Variable WO (0N} WO (0N} SEM FF (0N} FFxOS  Parity
DMI 18.32 17.87 18.66 17.95 033 0.67 0.23 0.79 0.66
Milk yield 19.86° 21.112 21.082 21.108 034 013 0.09 0.09 0.034
FCM yield 21.44 21.66 21.02 21.21 1.09 0.70 0.85 0.99 0.09
ECM* yield 19.78 19.67 19.36 19.62 1.02 082 094 0.86 0.34

ITreatment: 3xWO = feeding three times per day (3x) without OS, 3x0S = 3x with 2.5% OS, 1xWO = feeding once per day

(1x) without OS, 1xOS = 1x with 2.5% OS.

2FF = feeding frequency; OS = oil supplement; FFxOS = interaction

33.5%FCM = (0.4324xMilk yield) + (16.23xFat yield)

4ECM (kg/day) = milk (kg/day) X [38.3 X fat (g/kg) + 24.2 X protein (g/kg) + 16.54 Xlactose (g/kg) + 20.7]/3140

(Sjaunja et al., 1990).
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Table 3. Variation in NDF percent of feed bunk during the day

‘ Delivered! Ort? Ort? Ort? P-value
08:00 13:00  19:00  07:30 SEM  Time  Parity
Treatment?
3xWS 36.50° 4951°  5047° 5347° 236 <0.001  0.12
3x08 35.00° 50.13°  52.15°  55.17°  2.04  <0.001  0.36
1xWS 36.50° 4927°  5420° 5594° 1.72 <0.001  0.64
1x08 35.00° 43.72*  53.67° 52.00° 274  <0.001  0.52

194NDF of delivered at 08:00 am

294NDF of feed in feed bunk, sampled at hours 1300, 1900 and 0730
3Treatment: 3xWO = feeding three times per day (3%) without OS, 3x0S = 3x with 2.5% OS,
1xWO = feeding once per day (1x) without OS, 1xOS = 1x with 2.5% OS.
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Table 4. Effect of feeding frequency and on the sorting' (%) of long, medium, short, and fine particles? and

dietary NDF
Treatment?
x3 x1 P-value*

WO oS WO OS SEM FF OS FFxOS Parity
Sorting of particle fractions, %
Long 87.74 85.84 85.79 8749 1.89 094 094 035 0.01
Medium 104.68 105.5 104.8 104.72 0.57 0.57 0.52 044 0.02
Short 104.98 105.6 105.88 105.09 0.83 0.79 093 039 0.02
Fine 103.86 104.45 105.81 103.97 1.10 0.51 0.57 0.28 0.009
Sorting of dietary NDF 96.28 95.39 9574 9749 0.87 038 0.62 0.14 0.54

!Sorting % = 100 X (n DMI/n predicted DMI), where n = particle fraction (long, medium, short, or fine) or dietary nutrient
(CP, ADF, NDF, or peNDF). Sorting values equal to 100% indicate no sorting, <100% indicate selective refusals
(sorting against), and >100% indicate preferential consumption (sorting for).

ZParticle size determined by Penn State Particle Separator, which has a 19-mm screen (long), 8-mm screen (medium), 1.18-

mm screen (short), and a pan (fine).

3Treatment: 3xWO = feeding three times per day (3x) without OS, 3xOS = 3x with 2.5% OS, 1xWO = feeding once per day

(1x) without OS, 1xOS = 1x with 2.5% OS.

“FF = feeding frequency; OS = oil supplement; FFxOS = interaction.
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Table 5. Effect feeding frequency and oil supplementation on feeding behavior of Holstein dairy cows

Treatment!
x3 P-value?
Item WO oS WO OS SEM FF  OS  FFxOS  Parity
Feeding behavior
Meal frequency ab ab b a
(moal/d) 5.66 6.33 5.53 7 035 0.64 0.003  0.17 0.07
Meal duration ab ab a b
(min/meal) 65.47 59.99 7179 53.18° 337 095 0.002  0.06 0.04
(li\gfal Slzemea 3 qgab 5 gsab 3642 271 022 051 001 021 0.02
MDFF? (min) 525 658320 925 725 617 0.19 0.008  0.79 0.42
Behavior (min/d)
Total chewing 802° 8250 916*  822% 281 0.06 0.22 0.05 0.24
Feeding time 364 377 379 373 175 074 075 0.06  <0.001
Total ruminating ~ 435° 45220 537 447?257 007 017 005 0.12

"Treatment: 3xWO = feeding three times per day (3%) without OS, 3xOS = 3x with 2.5% OS, 1xWO = feeding once per

day (1x) without OS, 1xOS = 1x with 2.5% OS.

2FF = feeding frequency; OS = oil supplement; FFxOS = interaction

3Meal duration after first feeding
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Table 6. Effect feeding frequency and oil supplementation on ruminal fermentation characteristics
Treatment!
x3 x1 P-value?
WO oS WO OS SEM FF Fat FFxFat Parity
Ruminal pH
Morning pH 6.49 6.50 6.41 6.52 0.10 0.72 0.56 0.64 0.42
Evening pH 6.53 6.47° 617" 634 0.09 0.02 059 026 097
Morning VFA mol/100 mol
Acetate 64.70% 63.87° 59.74> 65974 098 0.16 0.01 0.002 0.08
Propionate 17.85° 17.32° 21.95% 16.49> 0.79 0.05 0.001 0.005 093
Butyrate 14.20 15.09 1469 1393 0.78 0.67 093 03 0.04
Isobutyrate 1.19 1.42 1.35 1.58 0.19 043 025 098 0.60
Valerate 2.04 2.23 225 202 012 097 085 0.09 0.44
A:P 3.652 3.78%2 2.78b 4.042 0.16 0.09 <0.001 0.003 0.32
Total VFA, mM 95.24 102.48 93.08 110.62 81 0.71 0.14 0.53 0.86
CHs mol/100 mol® 30.36% 30.57% 2726° 3136 0.56 0.05 0.001 0.003 0.76
Evening VFA mol/100 mol
Acetate 62.69°  62.10° 61.48° 68.012 135 0.09 004 0.01 046
Propionate 18.75° 18.47° 22432 16.39° 1.04 0.45 0.007 0.01 0.11
Butyrate 15.92%  16.66% 13.95%0  13.03 0.88 0.005 092 036 051
Isobutyrate 0.51 0.92 0.49 093 0.12 098 0.004 0.87 0.22
Valerate 2.12 1.85 1.63 1.62 0.13 0.01 031 0.36 0.63
A:P 3.47%b 3.393b 2780 4212 027 0.81 0.02 0.0l 0.33
Total VFA, mM 97.63 111.81 109.31 102.55 471 0.80 0.44 0.03 0.11
CH; mol/100 mol 29.6°° 299 273> 3172 076 0.71 0.006 0.01  0.12

Treatment: 3xWO = feeding three times per day (3x) without OS, 3xOS = 3x with 2.5% OS, 1xWO = feeding once per

day (1x) without OS, 1xOS = 1x with 2.5% OS.
2FF = feeding frequency; OS = oil supplement; FFxOS = interaction
3Estimated: CH4= (0.45xacetate) — (0.275xpropionate) + (0.40xbutyrate) (Moss et al., 2000).

S5 slaaziwld p ofg) JeSe 53933 5 (B0S1y93 Dlads LSL -V Jga
Table 7. Effect feeding frequency and oil supplementation on blood components.

Treatment!
x3 x1 P-value?
(0N} WO OS SgEmMm FF Fat  FFxFat Parity
Blood component
Glucose 51.82  55.06 48.61 52.01 188 0.12 0.09 0.97 0.07
Albumin 4.52 4.20 4.05 0.2 0.65 027 0.09 0.61
Cholesterol 198.09 200.51 181.31 191.25 5.66 0.19 0.11 0.9 0.97
Ca 8.04 7.30 698 059 041 0.71 0.37 0.44
P 433 4.78 446 0.19 055 0.007 0.19 0.08
Mg 1.80 1.70 1.77 0.13 0.82 0.6 0.9 0.97

Treatment: 3xWO = feeding three times per day (3x) without OS, 3x0S = 3x with 2.5% OS, 1xWO =
feeding once per day (1x) without OS, 1xOS = 1x with 2.5% OS.
2FF = feeding frequency; OS = oil supplement; FFxOS = interaction
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Abstract

The objective of this experiment was to investigate the effect of feeding frequency and oil supplementation to
the diet on sorting behavior and rumen fermentation of lactating dairy cows. Twenty four lactating Holstein
cows, including 12 primiparous with average body weight of 626 + 58 Kg and days in mild of 195 + 44 day, and
12 multiparous having average body weight of 617 + 25 Kg and days in milk of 207 + 39 day, were used in a
2x2 factorial experiment under a randomized complete block design. The factors were oil supplement at two
levels of 0 and 25 percent, and feeding frequency of 1 or 3 times per day. Treatments had no significant effect
on dry matter intake and fat and energy corrected milk, but uncorrected milk production was lower for three
times feeding without oil supplement (P < 0.05), compared to other treatments. There was no difference
between treatments in respect to sorting behavior (P > 0.05). The primiparous cows showed more sorting
behaviors than multiparous cows (P < 0.05). Oil supplementation with once per day feeding reduced fluctuation
rumen pH especially (P < 0.05). Rumen propionate concentration was higher than other treatments with once
per day feeding (P < 0.05). Oil supplementation reduced slug feeding in particular with once per day feeding
(P<0.05). The results showed that oil supplementation with once per day feeding improved milk yield, feeding
behaviors and ruminal pH.
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