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Table 1. Ingredients of experimental diets (dry matter percentage basis)

(Diets) Lzl slales

(Corm =3 Barley) ,~ Feed ingredient _si, = el
<03 e iy 4 gle <3 e iy disle
(Corn silage) (Alfalfa hay) (Corn silage) (Alfalfa hay)
0 35.7 0 35.7 Alfalfa hay Lox w5l
35.7 0 35.7 0 Corn silage,s 5
0 0 327 36.1 Ground barley grain..s cl.i = «is
321 349 0 0 Ground corn grain s.s olul <5 <l
5.30 5.30 5.30 5.30 Beet pulp.us s Jls
15.2 12.1 13.9 10.5 Soybean meal L ;.. dls
4.5 4.5 45 45 Whole cottonseed LS «ls <.
2.5 2.5 2.5 2.5 Meat meal .z 3 s,
2.1 2.3 2.4 2.8 Fat powder" .~ ;s
1 1 1 1 Sodium — Bicarbonate R
0.3 0.3 0.3 0.3 Salt <
e
0.6 0.6 0.6 0.6 _ s
Mineral- vitamin premix
1 0.7 1 0.7 Calcium — Carbonate ..ls =ty s

LAy =ve Craz =17/6 v =A01 Ve =Y0 (il o S 51870 S) (sl o b3 —)

1- Fat powder contained (g/kg of fatty acid) 35 of C14:0, 856 of C16:0, 12.5 of C18:0, and 70 of C18:1 cis-9.
WIS S 0700y 08 /N0 (e 0 ST (555 p S V0 (5 £ 8 0 i 0 SN (S S 00 (sl p S S e i esle by Y
S5 S p SV E by Ml a1 00 DY by e as g A aln s Ml Al 8o

ST 5T Ol gy S 5

2- Composition: 50 g/kg of Ca, 11 g/kg of Mg, 5 g/kg of Mn, 15 g/kg of Zn, 3 g/kg of Cu, 0.15 g/kg of I, 0.05 g/kg
of Co, 1,400,000 1U/kg of vitamin A, 300,000 1U/kg of vitamin D, and 15,000 1U/kg of vitamin E, 1.25 g/kg

butylated hydroxytoluene as a synthetic antioxidant.
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Table 2. chemical compositions of experimental diets (dry matter percentage basis)

(Diets) a1 gl les

ST Ko St o3le 3l (g 30) pleand oS 5

Corn) 3

(Barley)

sgs S

3 D iy 4 sle 53 5w

iy 4 gle

Chemical composition (% of DM,

(Corn silage) (Alfalfa hay) (Cornsilage)  (Alfalfa hay) unless otherwise noted)
439 474 437 476 i Sl e o Ki e
DM, percentage of as fed
10.1 11.8 8.7 10.2 Ash -.sl=
89.9 88.2 91.3 89.8 OM el
295 28.7 33.1 32.3 NDF o oy 5 53 J omsl L
DM degradability <z osle ¢ pd 4520
30.69 29.38 43.77 40.96 4h celos
4258 41.81 57.00 54.47 6h el
54.73 51.00 64.21 60.96 8h cslaa
33 e e S ey b 53 ol U
17.1 20.4 17.8 21.3 UNDF30h I S e
33 e e ey b 53 ol U
73 106 74 10.7 UNDF288h ¢ ,li8 aveS 51 Ly YA el
18.1 19.7 19.3 213 ADF (ol iy 55 53 Jplomals GLI
16.6 16.7 16.6 16.6 CPel= 55 5
5.6 5.9 5.6 5.7 Ether extract s ;! o Las
38.3 375 36 35.2 NFC? U1 sl yton 5 5
316 25.8 27.2 211 Starchac.ts
166 165 1.65 164 IS 02 S gma et el 535
NE,, Mcal/kg*
53 OV (ST s o 051 =058 sl
240 319 252

333 it esle p S S
DCAD, mEg/kg of DM?

1- Calculated from NRC (2001)

Yeo) Sligie e el 5153085 51 sslitl et aalows =)

(Sl = (sl oslae = ol (s + 25 iy pd 53 sl SUID) = Vov = U2 slasl a5 Y
2- Nonfiber carbohydrate = 100 - (aNDF + CP + ether extract + ash).
LG Vs SV om0V (ST Jen) = (omliy OVI5 (ST o + s OV (S )] = oo 05800018 5l =Y
3-Dietary cation-anion difference = [(mEq of Na + mEq of K) - (mEq of Cl + mEq of S)].
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Table 3. Effects of dietary treatments on productive performance of Holstein dairy cows.

(Diets) bl glales

(P-value)® " s s e stk (Corn) &3 (Barley) 5
> S5 D Ay able SO a g dbsle (Item) v
\A /.L‘
GxF F G sﬁwﬁl (Corn (Alfalfa (Con (Alfalfa
silage) hay) silage) hay)
080 025 004 093 229 23.9 216 223 _ S esle b
DM intake kg/d
048 043 004 123 46.9 46.8 437 454 e P S g
Milk yield, kg/d
S o Ll 'a.\..ll . 5 ,;
082 010 001 135 39.7 418 36.3 37.9 ST T T
FCM yield® kg/d
35 LN.X:MCMM S s
096 009 001 110 42.4 445 39.0 40.8 . " a
kg/d,ECM vyield
016 005 <001  0.09 3.01 3.23 2.84 2.92 Fat percent e Lo
045 006 <001  0.05 1.41 1.54 1.25 1.31 590 2 (A o P
Fat yield, kg/d
048 076 050 011 2.05 1.96 2.05 2.09 A S esle ]
Raw milk/DMI
Energy partitioning, Mcal/d ¢ 5l s [iss
034 070 077 1.56 1.24 3.24 2.34 1.39 BW  gain ox 035 L5l
091 009 <001 073 28.6 29.9 26.1 27.28 Milk production % .J

1- SEM= Standard Error of the Means.

oSk 3,lkal glas -

(@she s 55 M) Jlime 5 =GXF «(c)d D pl s 55 St i) absle =F ()3 il 55 52) oMe =G -
2- G= Grain (Barley vs. Corn); F= Forage (Alfalfa hay vs. Corn silage); G x F= interaction (Grain vs. Forage)

3- 4%FCM = 0.4 milk (kg) + 15 milk fat (kg)

4- ECM = 0.323xmilk (kg) +12.82x milk fat (kg) + 7.13xmilk protein (kg)
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Table 4. Effects of dietary treatments on nitrogen metabolism

(Diets) 2l slolas

(P-valuey " s,ls_sns sl (Corm) = 3 (Barley) ,~
55llal
. . . . (Item) i
' Sl 3 e iy asle 3 Pl iy sl
GxF = G SEM? (Corn (Alfalfa (Corn (Alfalfa
silage) hay) silage) hay)
08 025 005 246 609.6 637.1 574.8 592.4 330105 oS 0305
Intake of N, g/d
017 036 008 462 209.5 207.3 195.2 205.6 _ 355105 et O35
Milk N, g/d
U353 /0SS g he e 035 5
0.19 0.84 0.22 26.1 133.0 151.7 134.2 109.1 . 3
Predicted fecal N, g/d
03550 ¢ ShS [0 5 g gbe U35 55
0.48 0.94 0.64 34.1 216 231 221 209 s
Fecal N, g/kg N intake
Sl S ol s 3 5
019 001 018 112 267.1 278.2 245.4 277.7 el ol s s
Predicted urine N, g/d
PSS 108 sl ez 0355
032 023 045 25.4 438 442 433 473 Fran D35
Predicted urine N, g/lkg N
intake
eSS /a8 Wi AL LT
065 012 066 127 346 326 345 335 (A0S D005 S

Apparent N efficiency, g/kg®

1- SEM= Standard Error of the Means

ool s slilzal gl -

(@5 il 55 D) Jlame J=GXF (b D il 50 Kt an ) wisle =F ()3 1, 55 52) e =G -y

2- G= Grain (Barley vs. Corn); F= Forage (Alfalfa hay vs. Corn silage); G x F= interaction (Grain vs. Forage)

(G 0% 08D 53l e 0355+ Gy 03 08D b 055,23 ) 1= Gy 52 p.,5) (e 055,25 =055 03 ) psbie 035,55 =Y

3- Fecal N (g/d) = N intake (g/d) - [(milk N (g/d) + predicted urine N (g/d)] (Kohn et al., 2002).

(oS 58) 0 035 % () s 53 0,8 ) e (sl sl 035,25 X /0 YAY =(55 55 08) Sloal 0325 -8

4- Urine N (g/d) = 0.0283 x MUN (mg/dL) x BW (kg) (Kohn et al., 2002).

Voo x [Gay 03 080 (bmae 055555 = (G5 03 p5) s 0358 1=(p S 5kS 53 5) 6 lb 035 % sl -0

5- apparent N efficiency (g/kg) = [milk N (g/d) / N intake (g/d)] x 100 (Kohn et al., 2002).
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Table 5. Effects of dietary treatments feeding behavior of Holstein dairy cows.

(P-valuey " s,is_ixs

(Diets) ilosl sls,les

sl

(Corn) &3 (Barley) .- _
51kl » = ” SSeill sl sl
axig 4 S ard g )
'Sl S e ol
GxE F c = o0 (Alfalfa Com  (Alfalfa
SEM (Corn silage) .
hay) silage) hay)
Ruminating time | s ol
0.61 0.02 0.98 17.7 411 381 419 373 min/d 350 0% 4i
. o abs st
0.67 0.93 055  0.82 12.7 13.1 135 132 330 03 Slads e
Bout, no/day
0.90 0.14 0.69 1.70 32.2 29.8 31.8 28.9 ey a dsb
Length,min/meal
038 051 071 590 80.0 78.8 772 85.5 (Lo o oot
Interval, min
Lists < ¢ aid
064 <001 014 116 182 154 19.7 161 S el sl
min/kg of DMI
Eating time 03555 Ol
0.11 0.26 0.21 18.7 311 271 269 276 min/d BYBISERTRE
. abs shins
0.10 0.30 0.93 0.76 132 11.1 12.0 125 53003 Slads e
Bout, no/day
0.60 0.70 0.16 1.96 23.9 25.0 22.7 225 Rt db
Length,min/meal
013 025 056 840 917 1146 1007 1065 e m b
Interval, min
0.12 0.15 0.86  0.006 0.076 0.091 0.085 0.084 Rate, kg of DM/ min 5
° IS{EH
0.03 005 010 013 1.77 2.26 1.84 1.81 _ e el
Meal Size, kg/meal
WES < 150 a2
018 003 088 086 133 10.9 123 117 S el eSS bl
min/kg of DMI
Total chewing time o4 s 0l JS
0.51 0.01 0.34 235 721 652 687 646 min/d BYBERTRE
3 Olads slaas
0.43 0.55 0.69 1.28 26.0 24.2 255 25.7 53003 Slass s
Bout, no/day
075 031 044 120 27.9 27.0 27.3 25.7 ey o dsb
Length,min/meal
057 012 044 256 328 38.1 36.0 385 e
Interval, min
WS g 150 az3s
063 <001 037 155 316 26.3 320 77 Sl SAS Gl
min/kg of DMI
) 235 (ol il Oley
0.48 0.02 039 242 719 788 752 791 330 2 4a33 el e
Resting time, min/d
3 Sl slaws
0.62 0.46 0.90 1.04 221 20.9 215 21.2 53003 Sads Sl
Bout, no/day
0.57 012 044 260 328 38.0 36.0 385 o e db
Length,min/meal
084 097 061 146 32.2 319 312 315 ke
Interval, min
1- SEM= Standard Error of the Means. . Sl 3tk glast -

(e ol 55 o) lime J1=GXF ()3 dw plp 53 SKist anss) wisle =F ()3 5 )3 52) oMe =G Y
2- G= Grain (Barley vs. Corn); F= Forage (Alfalfa hay vs. Corn silage); G x F= interaction (Grain vs. Forage)
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Table 6. Pearson correlation coefficientsfor nutrients intake and feeding behavior

milk_pro_kg Pro milk_fat_kg
0.21 0.50"" 0.17
0.25 0.43™ 0.26
0.16 0.24 0.18
0.21 0.32" 0.25
-0.05 0.47™ -0.22
0.09 0.51" -0.16
0.09 0.17 0.44™
-0.03 0.15 0.07

Fat FCM 4% Milk yield  Item
0.23 0.12 -0.02 DMI
0.31" 0.21 0.05 NFC_in
0.19 0.15 0.05 STARCH_in
0.28" 0.19 0.05 DCAD_IN
-0.13 -0.25 -0.24 peNDF2s_in
-0.14 -0.16 -0.12 PeNDF3_in
0.60™" 0.32" 0.01 pHrum3
0.16 0.02 -0.08 pHrum5

S 01524, 0.001< P< 0.01 ()05 one gl b slaalaly (i) Ll gme bS5l Olgeas PSO.00T (505 fme rlav b (sladdal

kb3 0154 0.05< P< 0.1 (5,05 me gl b gladdaly 5 () Jls s Olgs 4 0.01<P<0.05 s ls ome e b gladal ) (Girs) s s

A S K s (gols e

Correlation coefficients were very high significant (***) at p < 0.001, high significant (**) at 0.001< P< 0.01,
significant (*) at 0.01 < p <0.05 and tend to significant at p <0.10).
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Abstract

Background and objectives: Grains are typically used as energy-efficient ingredients for high-
yielding cows. On the other hand, the use of forage sources in the diet is recommended to
improve ruminally fermentation and ultimately maintain health and improve livestock
production. Given the contradictory results reported in recent research on the effects of feeding
of different sources of grain and forage in dairy cows, we conducted a study to investigate the
interaction effects of grain (barley and corn) and forage (alfalfa and corn silage) source in
rations on the productive performance of Holstein dairy cows.

Materials and methods: Eight Holstein dairy cows (milk production: 46.2 + 2 kg / day) were
used to investigate the interactions between dietary source of grain and forage on productive
performance. This experiment was conducted in a 4 x 4 Latin square design with a 2 x 2
factorial arrangement with four treatments over four periods of 21 days (15 days for dietary
adaptation and 6 days for data collection). The first factor was the source of grain used in the
diet (barley or corn) and the second factor was the source of forage used (alfalfa or corn silage).
Experimental diets were fed as total mixed ration twice daily (7:00, 17:00) and milking was
done four times daily (4:00, 10:00, 16:00, 22:00). Sampling was performed to collect feed
samples and their residues, milk production and composition, rumen fluid, and animal feeding
behaviors.

Results: Dry matter intake (23.4 vs. 21.9 kg / day), milk yield (46.9 vs. 44.5 kg / day) and milk
fat percentage (3.12 vs. 2.88%) in treatments containing corn grain were more than treatments
containing barley grain (P < 0.05). Nitrogen uptake was higher in corn-based treatments, but
milk nitrogen, an indicator of feed nitrogen utilization efficiency, was lower in these treatments
compared to barley grain. The effects of dietary forage source on feed intake and milk
production were not significant, but dry alfalfa hay increased the percentage of milk fat
compared to corn silage (3.08 vs. 2.92 percent). The use of corn silage forage increased the
rumination time and total chewing time as minute per day and minute per kg of dry matter
consumed (P < 0.05). Although cows consuming corn silage spent more time for eating per kg
of dry matter, but cows consuming alfalfa hay consumed more dry matter per meal.
Consumption of corn compared to barley tended to increase dry matter intake per meal (P =
0.1). Percentage and amount of milk fat produced as well as fat-corrected milk production had a
direct relationship with ruminal pH at three hours after morning feeding (P < 0.05).
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Conclusion: Although the interaction of main factors in this experiment on functional
parameters of dairy cows was not significant, but dry matter intake at each meal when using
barley grain in treatments based on corn silage as forage source compared to dry forage Alfalfa
was lower but not affected by forage source in treatments based on corn grain. This
demonstrates the positive effects of using corn grain in corn silage-based diets to prevent
reduced feed intake. Because diets containing corn silage compared to dry alfalfa hay are
expected to decrease feed intake due to increased feed particle size as well as higher rumen
acidity, however, this higher acidic state will be exacerbated if ground barley grain be used in
the diet.

Keywords: Alfalfa, Barley grain, Corn grain, Corn silage, Dairy cow.
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