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ABSTRACT

In this study, the effects of partial substitution of alfalfa hay (AH) with high fiber by-products (wheat straw: WS, beet
pulp: BP) were evaluated on performance of high producing dairy cows. Eight high yielding cows (54+2.5 kg milk
production) were used in a 4 x 4 Latin square design and fed 4 experimental diets. The 4 experimental diets contained
constant level of corn silage (19.2%) with different proportions of 1) 19.2% alfalfa hay (CON), 2) 3.8% AH, 5.8%
WS, 5.8% BP (WS-BP), 3) 3.8% AH, 8.5% WS (WS) and 4) 3.8% AH and 10.2% treated WS (TWS). Diets were
similar in of NEL, CP, and NDF contents but WS-BP and TWS diets had lower undigested NDF (UNDF) level.
Results indicated replacement of AH with high fiber sources increased nutrient digestibilities (P < 0.01). Moreover,
cows received by-products substitutes showed greater dry matter intake than control cows (P<0.01). Milk yield and
milk composition did not differ across treatments. Therefore, this resulted in a tendency for improved milk
production efficiency (P=0.08) with feeding CON diet. Efficiency of 3.5% FCM was similar among different diets.
Feeding different by-products diets had no effect on ruminal pH, total VFA concentration, and chewing behavior, but
tended to increase acetate: propionate ratio (P=0.06). Substituting wheat straw with/without beet pulp for alfalfa hay
resulted in improved DM and digestibility but reduced milk production efficiency in high-producing dairy cows.
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Table 1. Ingredients, chemical composition, physical characteristics and cost of experimental diets

Diets’
Item AH BP+WS WS TWS
Feed ingredients, % of DM
Corn silage 19.2 19.2 19.2 19.2
Alfalfa hay 19.2 3.85 3.85 3.85
Wheat straw - 5.81 8.46 -
Treated wheat straw - - - 10.2
Beet pulp - 5.81 - -
Corn grain 19.2 19.2 21.7 20.8
Barley grain 22.1 221 22.1 22.1
Soybean meal 8.85 12.3 12.9 12.9
Canola meal 2.23 223 2.23 2.23
Fish meal 1.35 1.35 1.35 1.35
Soybean whole, roasted 3.85 3.85 3.85 3.85
Fat powder 1.15 1.15 1.15 1.15
Carbonate calcium 0.69 1.00 1.08 1.08
Magnesium oxide 0.19 0.19 0.19 0.19
White salt 0.35 0.35 0.35 0.35
Mineral-vitamin premix“ 0.77 0.77 0.77 0.77
Sodium bicarbonate 0.77 0.77 0.77 -
Chemical composition % of DM, unless otherwise stated
Dry matter, % of as-fed 57.0 57.0 57.0 54.0
Crude protein 16.9 16.9 16.9 16.9
NE,, Mcal/kg 1.65 1.65 1.63 1.62
Ether extract 4.80 4.50 4.60 4.60
Neutral detergent fiber 30.2 30.5 30.7 30.9
Non fibrous carbohydrate® 41.4 41.0 40.7 40.4
Calcium 0.80 0.80 0.77 0.77
Phosphorous 0.41 0.40 0.41 0.41
Physical characteristics (Particle size)
19 mm 9.76 8.80 8.78 8.92
8 mm 21.1 20.1 20.8 20.2
1.18 mm 35.6 38.6 36.0 36.6
Pan 335 325 34.4 34.2
Xgm,* mm 3.53 3.47 3.40 3.40
Sgm,> mm 3.38 3.26 3.33 3.32
pf 0.66 0.68 0.66 0.66
peNDF° 20.1 20.6 20.1 20.3
Undigested NDF 7.1 6.4 6.8 6.1
Feed cost, Rials/kg DM’ 11,307 10,673 10,665 11,181
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1.hExperimentaI diets containing alfalfa hay that were replaced by 1) no by-products (control), 2) beet pulp+ wheat straw, 3) wheat straw and 4) treated

wheat straw.

were diet beet pulp (BP) substituted for corn silage as:

2. Contained per kilogram of supplement: 1,300,000 1U of vitamin A, 360,000 IU of vitamin D, 1,200 IU of vitamin E, 16 g of Zn, 10 g of Mn, 0.8 g of

Fe, 0.12 g of Co, 0.15 g of I, and 0.08 g of Se.

3. NFC = Nonfiber carbohydrate calculated by difference 100 — (%NDF + % CP + % Fat + % ASH).

4. Xgm = Geometric mean length as calculated by the ASAE (S424), 2001.

5. Sgm = Geometric standard deviation as calculated by ASAE (S424), 2001.

6. peNDF = Ration NDF multiplied by amount of DM >1.18 mm.

7. Cost of feeds (Rial/kg as-fed): Alfalfa hay 14000, wheat straw 5000, treated wheat straw 6750, beet pulp 9000, corn grain 10600, soybean meal

23100, sodium bicarbonate 24500, calcium carbonate 650.
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Table 2. Chemical and fermentation characteristics of fiber sources in experimental diets

Fiber sources®

ftem cs AH BP WS TWS
Dry matter, % of as-fed 26.2 91.3 93.6 95.6 50.0
Crude protein, % of DM 9.5 16.0 10.0 3.4 3.0
Non fibrous carbohydrates, % of DM 34.4 33.1 50.0 14.4 233
Net energy for lactation, Mcal/kg 14 1.2 1.51 0.85 0.99
Fiber characteristics
Neutral detergent fiber, % of DM 475 44.0 37.1 75.0 66.1
Degradable fraction of NDF (b), % of NDF 76.5 56.8 86.5 62.3 74.6
Degradation rate of NDF (c),b/h 2.30 3.22 5.06 2.25 2.63
Effective degradability of NDF?, % of NDF 26.0 24.7 40.8 18.9 24.8
NDFd288°%, % of NDF 78.7 60.8 82.7 64.2 76.8
uNDF288,* % of NDF 21.3 39.2 17.3 35.8 23.2
uNDF 288, % of DM 10.1 17.2 6.40 26.8 15.3
peNDF®, % of DM 55.0 40.0 19.0 75.0 63.0
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1. Fiber sources: 1) corn silage 2) alfalfa hay, 3) beet pulp, 4) wheat straw, and 5) treated wheat straw.

2. Effective degradability at 5% passage rate.

3. NDF degradability after 288 h of incubation.

4. Undegradable NDF after 288 h of incubation.

5. peNDF = NDF multiplied by amount of DM >1.18 mm.
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Table 3. Intake and nutrients digestibilities in
lactating cows fed different fiber sources

Diets* )
AH  BPFWS WS Tws oEM P-value

Intake , kg/d
DM 244°  266° 27.0° 27.3 0938 <0.01
Total tract digestibility, %
DM 62.1° 71.8° 648" 738 154 <001
NDF 50.0° 66.0° 558° 689" 231 <001
CP 596° 681° 621" 712° 229 <001
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1. Experimental diets containing alfalfa hay that were replaced by 1)
no by-products (control), 2) beet pulp+ wheat straw, 3) wheat straw
and 4) treated wheat straw.

2. Standard error of mean

a—c) Least squares means within a row with different superscripts
differ significantly (P < 0.05).
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Table 4. Rumen fermentation and chewing activity of lactating cows fed different fiber sources

Diets’
Rumen parameters AH BPTWS WS TWS SEM P-value

pH 6.10 6.27 6.37 6.33 0.114 0.28
Volatile fatty acids, mM 92.0 88.0 95.8 88.3 5.02 0.55
Acetate, % 54.2 55.8 57.5 55.9 112 0.18
Propionate, % 30.3 28.7 26.1 27.7 1.48 0.09
Butyrate, % 12.8 13.1 14.3 141 0.773 0.17
Valerate, % 2.52a 2.14b 1.94b 2.06b 0.169 0.03
Isovalerate , % 1.55 1.78 2.36 217 0.236 0.06
Acetate to propionate 1.82 2.02 231 2.09 0.167 0.06
Fecal pH 6.51 6.56 6.42 6.42 0.124 0.74
Urine pH 7.60 7.61 8.06 7.67 0.444 0.84
Chewing activity

Eating time, min/d 287 251 259 274 18.8 0.32
Ruminating time, min/d 432 494 506 507 295 0.14
Total chewing time, min/d 719 748 765 779 40.6 0.52
Eating/DMI, min/kg 113 9.17 9.45 9.68 0.81 0.09
Ruminating/DMI, min/kg 17.1 18.4 18.6 17.8 1.51 0.51
Total chewing/DMI, min/kg 28.4 21.7 28.1 27.4 2.10 0.88
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1. Experimental diets containing alfalfa hay that were replaced by 1) no by-products (control), 2) beet pulp+ wheat straw, 3) wheat straw and 4) treated

wheat straw.
2. Standard error of mean

a—C) Least squares means within a row with different superscripts differ significantly (P < 0.05).

5 99 g b 0y iz pe i8S 18 ales]
L oadandss lagll 095 )0 (27 lp endmonas
3 i P=21NY) goae L 5l suls,gl,8 oS
LI L (S8 pae Sis sole aSlniljl ogy vl 05,5
JIERWE S IR INER S TERC NE o
833k ousls (P=+/+A) Lial3dl 4 bled jlad ol 5o
oIl cle 4 02 Gl csdmmal b sy
Sl gloae B35 L b oz 5 b o
5 Clla gl g gl als e b 3Kl
L oleyes (Ferraretto et al, 2015) o v, p
S8 gl iMook D)3 Kl
Mg g S|t SGras (s pd )l (Jyere gk
0 g B0l 50 6t e Lol Bl 0
AiS edalie o, lp cddmoal

2 o7 ey & bge slae) laSike
PH (137) b (ef9n @ (27 Sad (V1Y)
oy Sejed 3o Sl gl 5 OIA) a3
39209 pye sl SBL mhe wie (V)
zaw (1997) Mertens .ol og )5 do )0 ol
do VI b o> baas gl as o VY peNDF
55 S 2y Laslsl B Llgl slagls (sl

S5 bagls g IS gl 03,95 0oy Jsb
Slagls a5 s S 13 caulesl eyl LG
She> a5k Gl @ 09,55 4 Jle wald 055
bl 3 & o P=1o%) (i pne
2 (O hleRid) a5 Ol wiib
Codled ol pomay @L., Ol g s iz slolows
oz Bpan a4y bgsye baylad (e LS sl
5 S 8o Sojb g LI (Sujb a5l s
slagl &L, (2006) Zebeli et al. .ol ()] &34
il & gz aiBo Yo Sl o 0 )8 Glo (Fgem S5
ghe ) pd oy B Gl (Srae Sl p SelS
C.:Lu o U”‘ )0 w‘ )L) 6)9.0 M)O \"/\‘
L] 00U UL"’ U‘)""’ )| )...05 L;"\"‘ o0l

2198 803l 9 i ST i g adg
833k md SlacaS S g Wy 4 bape laoshy
O Jgoz 0 0% 0y sl pdms 5 ol
o g e ol s el a5
2oy s adg (az lp eddmmal b oy
5 oz O el Slge g 5eSY (e n (o)
sbles 85U cos w0 sl e



e 591 g olS paiz A b a5l idu ol il Ken 5 sogere >

VFA

cilizee S slagie 4085 L ooyl slagls o138 8050 5 (3 ()59 (5 et ed SlacaS 5 5 0dgi B Jeu
Table 5. Milk yield and composition, BW, and feed efficiency in lactating cows fed different fiber sources

Diets"

AH BP+WS WS TWS SEM P-value
Yield, kg/d
Milk 46.5 47.5 46.8 49.2 1.65 0.42
3.5% FCM 40.3 42.1 41.2 43.2 1.37 0.29
Fat 1.25 1.33 1.29 1.35 0.048 0.28
Protein, 1.32 1.35 1.32 1.40 0.047 0.27
Milk composition, %
Fat, 2.66 2.76 2.77 271 0.069 0.44
Protein 2.84 2.84 2.83 2.85 0.039 0.79
Lactose, 441 4.38 4.40 4.42 0.072 0.87
Solid non fat 7.27 6.86 7.25 7.28 0.203 0.37
Fat to protein 0.938 0.975 0.978 0.951 0.027 0.44
Body weight change, kg/d 0.022 -0.423 -0.611 -0.363 0.232 0.31
Feed efficiency
Milk yield/ DMI 1.92 1.80 1.76 1.80 0.086 0.08
FCM/DMI 1.65 1.59 1.55 1.58 0.067 0.23

o 3l s g8 oS (F wols (7 callis + ol (¥ (0als) (il Jpame ooy (O SLII slogie b a5 winsls amigs Sgle 2ulosT (sloo e )

g

5l jlme ol Y

SIEYY X )......4 A.Jy + VPIYY X &z _.\.Jy: ARIYA &z élﬁ °“\""W oy A.Jy Y
1. Experimental diets containing alfalfa hay that were replaced by 1) no by-products (control), 2) beet pulp+ wheat straw, 3) wheat straw and 4) treated

wheat straw.
2. Standard error of mean
3. Yields of 3.5% FCM = 0.432 x milk yield + 16.23 x fat yield.

a—c) Least squares means within a row with different superscripts differ significantly (P<0.05).
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