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ABSTRACT

The study obéectlve was to evaluate the effects of reducing dletaré/ starch content in fresh cow diets while maintaining
NDF levels by substituting barley grain (BG), corn silage (CS), or both with beet pulp (BP) on DMI, lactation
performance, Serum mineral and metabolites cancentrations, liver enzymes and liver functionality index (LI':I), serum
insulin and revised qluantltatlve insulin sensitivity check |ndexé QUICKI). Thirty-six mu |loa_rous COWS were
randomly assigned to 1 of 4 experimental diets from calving to 21 days in lactation. Experimental diets were a hlgh-
starch diet wi round BG %C : 24.9% starch; 0% BP) and 3 low-starch diets where BP substituted for either BG
BB; 19.6% starch; 7% B [5 S (BC; 20.6% starch; 12% BP) or CS and BG (BCB; 20.3% starch; 12% BP). Relative
0 CO cows (16.50 k_g/d?, MI was greater for BC (17.70 kg/d) and BCB gl .50 kg/d;3 cows, but it was lesser in BB
5(15.60 kg/d) cows. Similar to DMI results, milk yields tended td be greater for BC (37.39 kg/d) and BCB cows (37.81
_compared to CO_cows (35.41 kg/d), but BB cows (33.05 kg/d) tended to produce less milk than CO cows.
elative to CO, cows fed BB had lower Serum glucose concentrations, whereas cows fed BC and BCB had higher
serum glucose. Serum insulin concentrations were lower for BB cows than for other exprimental groups. Relative to
CO, serum NEFA and BHB concentrations were lower for BC and BCB, but was similar between BB and CO. The
RSUIC_KI was lower for CO, BC cows than BB cows, and cows in BCB tended to have less RQUICKI compared to
BB _durin %ostpartum. The concentrations of gBamma glutamyl transferase were lower in BC and BCB cows relative
to CO and BB cows. The cows fed CO and BB had higher serum bilirubin relative to cows fed BC and BCB diets,
Although, LFI for CO cows was_similar to cows on BB, BC and BCB, BC cows had higher LFI than BB cows and
tended o have greater LF| than CO cows. Overall, reducing dietary starch by replacing CS (BC) or a mix of CS and
BG S_BCB) with BP_positively affected DMI and milk yield and “indicated”improved energy metabolism and liver

function during the first 21 d of lactation compared to when BP was fed instead of BG to reduce starch (BB).

Keywords: Fresh cows, low-starch diet, non-forage fiber, sorum metabolites.
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Table 1. Feed Ingredient of experimental diets (% of DM)

Experimental diets*

Ingredients Close-up 0] BB BC BCB
Alfa alfa ha 18.89 20.16 20.16 20.15 20.15
Corn silage ) 41.00 25.56 25.58 13.55 19.55
Sugar beet pulp, dried* - 0.00 7.00 12.00 12.00
Barley grain, ground, dry 8.00 13.32 6.30 13.36 7.35
Corn grain, ground, dry 15.45 10.60 10.61 10.59 10.59
Soybean meal, solve. 6.00 8.68 8.69 8.67 8.68
Extruded full-fat soybean - 4.38 4.38 4.38 4.38
Corn gluten meal, dried - 3.49 3.49 3.49 3.49
Fish meal - 3.49 3.49 3.49 3.49
Cottonseed, whole with lint 5.0 7 7 7 7
Canola meal, mech. extract 1.60 - - - -
Calcium carbonate 1.35 0.72 0.72 0.72 0.72
Calcium phosphate (Di-) - 0.18 0.18 0.18 0.18
Magnesium oxide 0.15 0.18 0.18 0.18 0.18
Magnesium sulfate 0.85 - - - -
Calcium chloride 0.45 - - - -
Salt - 0.30 0.30 0.30 0.30
Sodium bicarbonate - 0.90 0.90 0.90 0.90
Bentonite 0.47 0.33 0.33 0.33 0.33
Biotin 0.004 0.004 0.004 0.004 0.004
Selenium 0.004 0.004 0.004 0.004 0.004
Choline chloride 0.24 0.24 0.24 0.24 0.24
Monensin 0.01 0.01 0.01 0.01 0.01
Mineral premix® 0.27 0.23 0.23 0.23 0.23
Vitamin premix® 0.27 0.23 0.23 0.23 0.23
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1. CO = high starch, containing 24.9% starch; BB = BP substituted for barley grain ground, containing 19.1% starch; BC= BP substituted for corn
silage, containing 20.6% starch; BCB = BP substituted for corn silage and barley grain ground, containing 20.3% starch.

2. Contained 83.0% DM, 52.3% NDF, 39.4% ADF, and 13.5% CP (DM basis).

3. Contained 23.0% DM, 44.3% NDF, 29% ADF, and 8.5% CP (DM basis).
4. Contained 87.0% DM, 43.5% NDF, 24.2% ADF, and 9.3% CP (DM basisz.
5. Premix contained 0.32 g of Co/kg, 13.3 g of Cu/kg, 0.5 g of 1/kg, 0.04 g of Fe/kg, 33.4 g of Mn/kg, 8 g of Se/kg, 56.2 g of Zn/kg.
6. Premix contained 1,800,000 U of vitamin A/kg, 200,000 IU of vitamin D/kg, and 15,000 IU of vitamin E/kg.

Ll ooz pliard S5V o
Table 2. Chemical composition of experimental diets (mean+SD)*

- 5 ] Experimental diets”

Chemical Composition Close-up o B C BCB
NE,, Mcal/kg of DM® 1.6 1.7 1.68 1.69 1.69
CP, % of DM 124+05 18.2+0.2 18.0+£0.3 18.1+0.1 18.1+0.5
NDF, % of DM 35.2+08 33.4+06 344+08 329+0.8 33.7 0.9
Forage NDF, % of DM 28.0 23.1 22.0 18.2 19.2
ADF, % of DM 23+0.7 21.3+0.8 21.6+0.6 21.0+0.6 220+1.1
NFC, % of DM 43+0.7 37.2+0.7 36.5+0.8 37.3+0.9 36.2+1.0
Starch, % of DM - 249+0.2 19.6+0.7 20.6+0.41 20.3+0.8
EE, % of DM 3.6%0.3 42+0.2 42+0.1 43+0.2 42+0.2
Ash, % of DM 6+0.15 71+0.1 79+0.1 7.7+0.2 7.8+0.2
DCAD, mEg/kg DM -28 246 253 246 252

B jaise aly =BC wwlid aw )y YA/ (gol> g als lp ouds 3Kl wid juse alle =BB aiwlis as, YA gol> YL anulis =CO
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1. CO = high starch, containing 24.9% starch; BB = BP substituted for barley grain ground, containing 19.1% starch; BC = BP substituted for corn
silage, containing 20.6% starch; BCB = BP substituted for corn silage and barley grain ground, containing 20.3% starch.

2. Data are presented as the mean + SE of 3 samples.
3. Based on tabular value (NRC, 2001).
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Figure 1. Dietary treatment effects on DMI (kg/d) over time. High-starch diet: high barley grain (CO); reduced-starch
diets: BP substituted for barley grain ground (BB); or corn silage (BC); or BP substituted for corn silage and barley
grain ground (BCB). Diet, P < 0.01; Time, P < 0.01; Diet x Time, P<0. 01.
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VIY 5 (Alamouti et al., 2014) s S cualie
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Mansfield et al. > .(Alamouti et al., 2009)
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ol amial rae Sas oole , gladgle
Sz oole p,55LS VY (2010) Miron et al.
a8 Sloj 2Ot 093 59, A b v 5l YL (Bras
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Cen 4 2558 Gl el alS g aiug |
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oy Jlite 15 oloj 0z 5l Cos b 0y
€O 055 &y Cumad (Y Jgaz) 8,5 518 Gloy o
VIO P=+/A) BC 05,5 ,o b cutls Lol o oy
P O (pSskS VT P=/-2) BCB 4 (o ,55LS
P=11) 535 Sl BB 05,8 5o a5 Jlys wily
Om 2o Vo) 5o et adg (e SekS VIF
Sagls & S Lol gy LSy (c2abejl slae
0,99 V7 9 VY 35, ;8 655 s BB slagls’ CO
Slogls a5 Iy win)S ol (P<-[+1) 0 s
YV g P<+/-0) A 39, ;9 &5 siw s BCB 4 BC
FCM adgs s,S oy (P<-/+1) 0, 0,50
bl el oz 2eyo Ll w0y alie oy (o 5o
b awlie 1o (ao,0 /1) CO slagls o b cuils
(30,0 YIV#) BCB 5 (aw,s YVY) BC slagls
slodobo led g 5955 (g n wo s all SV
Ll g alie clojl loop> o 5o 65
Jaie BCB 4 BC lagl ot odg b ollas
L oanslie o (P < +/+0) Vb 5555Y 5 (g n

(¥ Jsaz) 2is,S adg COg BB (glagls

YL Bras i oole w05 cdl,e (anwlis
A 0o, VY b ool i cloglf 4 Cond
A G Lol caiziils (awlis as 0 VFIY) Wil aiss
adose A asye YUY L osssais syl
Clark .ocils 5505 OB pan (aiwlis ds,s YY/YT)
59,5 il WS 5,155 (1997) & Armentano
s, YV L sloyuz jo wid,nmss dla L o )d alo
oole ;0 gaoye TV Ll K oa il adele
Al By 0,90 Lawlsl slagls o Bras S
A L1y o als a5 03] Sl iz en
0y93 Lawslgl B Jilol (slagls” o puiS 05 9 25 jaui
oslo 3 1y ot 5| 651 op oS 3l gm0
Dann et al., 2014; ) ws, S5 (3,155 &3 rae S
(Ertl et al., 2015; Dann et al., 2015
3 ol o ol 3 Loy ol ingsy )5
oole (goga> U cuul e (gladele S oaised
|, BCB § BC 4 o BB ;5 jinS (Byae Sis
Ot k5 @y az g b aSgy0b 4 avs 730
Olgea) ab o Ll 565 4 Lol a5 Sloj (guS
WS4 Slgmgy adye ((Popd 0y9s Jlgl Jie
395 g 4 45 3gh oo FieReSelS (Il 4 e
e Sale)s & was ge Gl ATP (oS 3 e
Joisl 4 s sals pae Sl ldl
Slyg> suals cely BB 055 0 alin somndlSo
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Table 3. Effects of dietary treatments on DMI, milk production and composition, BCS and BW changes in fresh cows

Experimental diets” SEM P — value
Items CO BB BC BCB Diet Time Diet xTime

DMI 16.5° 15.6° 17.7° 17.5° 0.25 <0.01 <0.01 <0.01

Milk yield, kg/d 35.41*  3305° 37.89° 37.81° 0.98 0.01 <0.01 0.01

4% FCM, kg/d 35.57 33.90 36.00 36.74 1.52 0.40 <0.01 0.20
Milk composition, %

Fat 4.19 4.18 372 3.76 0.24 0.10 <0.01 0.04

Protein 3.14 3.24 321 3.19 0.07 0.64 <0.01 0.27

Lactose 4,62 4.64 4,67 460 0.07 0.81 <0.01 0.71
Log SCC 464 452 458 4,63 0.08 0.54 <0.01 0.39
Yields, kg/d

Fat 1.44 1.37 1.39 1.39 0.10 0.91 0.15 0.17

Protein 1.10° 1.072 121° 1.19° 0.03 0.02 <0.01 0.81

Lactose 1.53% 1.45° 166  1.63° 0.06 0.01 <0.01 0.11
BW changes, kg -28.80 -30.76  -31.12  -29.73 3.38 0.90 - -
BCS change -0.43 -0.40 -0.45 -0.47 0.06 0.40 - -

(P <o [00) dised Sglae wdliBie Bgy> by yo 0 Sl ye JBlas ke (@b
B jaise aly =BC rtwlid ooy VA (gol> g aily gl onds (3Kl w8 juse e =BB ranwlis asye YA gol> YL aulis =CO )

Aol ao o VoIV (gl gz aild 9. )3 D (gl o0 u.v)fuly a8, aise alles =BCB taiwlis ao )0 Yo /F (gl )3 5w (gl 00 d.»;;b

a-b) Least squares means within same row with different superscripts differ (P < 0.05).

1. CO = high starch, containing 24.9% starch; BB = BP substituted for barley grain ground, containing 19.1% starch; BC = BP substituted for corn

silage, containing 20.6% starch; BCB = BP substituted for corn silage and barley grain ground, containing 20.3% starch.
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Figure 2. Dietary treatment effects on serum glucose
concentrations (mg/dL) over time. Diet, P < 0.01; Time,
P =0.01; Diet x Time, P =0.01.
** High-starch diet: high barley grain (CO); reduced-starch diets: BP

substituted for barley grain ground (BB); or corn silage (BC); or BP
substituted for corn silage and barley grain ground (BCB).
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Figure 3. Dietary treatment effects on serum insulin
concentrations (ng/mL) over time. Diet, P = 0.01; Time,
P =0.01; Diet x Time, P =0.10
** High-starch diet: high barley grain (CO); reduced-starch diets: BP

substituted for barley grain ground (BB); or corn silage (BC); or BP
substituted for corn silage and barley grain ground (BCB).
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Table 4. Effects of dietary treatments on serum minerals, metabolites, insulin, and insulin sensitivity check index in

fresh cows
Experimental diets” SEM P —value
Items CcO BB BC BCB Diet Time Diet xTime
Ca, mg/dL 9.87 9.81 9.99 9.64 0.22 0.46 0.01 0.49
Mg, mg/dL 2.09 2.18 2.08 2.07 0.09 0.67 <0.01 0.15
P, mg/dL 5.83 5.77 5.66 5.60 0.33 0.89 <0.01 0.20
Total protein, g/dL 6.72 6.37 6.42 6.68 0.39 0.74 <0.01 0.31
Globulin, g/dL 3.10 278 2.70 3.03 0.41 0.68 <0.01 0.70
BUN?, mg/dL 1451  13.15 14.99 13.36 0.67 0.16 <0.01 0.83
Glucose, mg/dL 52.76°  47.34°  58.12*°  57.26% 1.70 <0.01 <0.01 0.01
NEFA, mmol/L 0.93° 0.95°% 0.67° 0.72° 0.06 <0.01 0.01 0.08
BHBA®, mmol/L 1.23° 1.22° 0.88° 0.92° 0.08 0.01 <0.01 <0.01
Triglyceride, mg/dL 2475 2193 20.99 21.26 2.08 0.23 <0.01 0.26
Insulin, ng/mL 0.26° 0.16° 0.27° 0.24* 0.026 0.02 0.01 0.10
RQUICKI* 0.43° 0.50° 0.44° 0.45® 0.015 0.04 <0.01 0.24

(P <o) aid Sglae walisie By, by o0 Sl e JBlas Sl (@b
abyaise s =BC wawlis a0 VAN gyl o ails gl oals o0l w8 juiss Al =BB cawlis aoyo YA gol> YU atulis =CO N

aolis ao o VoIV (gl gz dils 5 )3 5w (gl 00l (3501 08 jase alley =BCB tazwlid s )0 Y /F (g9l> o3 Dl (sl 00l u,»).f.-b

05> &l oyl H3ax ¥
Sl S Sy (S g 0 Lo Y
dgml & Colis oS a3l ¥

a—C) Least squares means within same row with different superscripts differ (P < 0.05).
1. CO= high starch, containing 24.9% starch; BB= BP substituted for barley grain ground, containing 19.1% starch; BC= BP substituted for corn
silage, containing 20.6% starch; BCB= BP substituted for corn silage and barley grain ground, containing 20.3% starch.

2. Blood urea nitrogen
3. Beta-hydroxy butyrate acid
4. Revised quantitative insulin sensitivity check index
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Figure 4. Dietary treatment effects on serum FFA
concentrations (mmol/L) over time. Diet,
P<0.01;Time, P=0.01;Diet x Time,P = 0.08.

** High-starch diet: high barley grain (CO); reduced-starch diets: BP

substituted for barley grain ground (BB); or corn silage (BC); or BP
substituted for corn silage and barley grain ground (BCB).
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Figure 5. Dietary treatment effects on serum BHBA
concentrations (mmol/L) over time. Diet, P = 0.01;
Time, P <0.01; Diet x Time, P <0.01.

** High-starch diet: high barley grain (CO); reduced-starch diets: BP

substituted for barley grain ground (BB); or corn silage (BC); or BP
substituted for corn silage and barley grain ground (BCB).
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Figure 7. Dietary treatment effects on serum bilirubin
concentrations (umol/L) over time. Diet, P= 0.01;
Time, P <0.01; Diet x Time, P <0.01.
** High-starch diet: high barley grain (CO); reduced-starch diets: BP

substituted for barley grain ground (BB); or corn silage (BC); or BP
substituted for corn silage and barley grain ground (BCB).
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Figure 6. Dietary treatment effects on serum y-
glutamyl transpeptidase (GGT) concentrations (U/L)
over time. Diet, P = 0.02; Time, P < 0.01; Diet x
Time, P = 0.09.

** High-starch diet: high barley grain (CO); reduced-starch diets: BP

substituted for barley grain ground (BB); or corn silage (BC); or BP
substituted for corn silage and barley grain ground (BCB).

Py JoreedS 5 (rmogdl BBl o0y 5l (s 5]
Oley ,o oz bliie Jl g oloj oy aliwsar S
oo sedale (0 Jsax) <o E st cos
Jblie 31.(P<:/-0) 54 YL BCB 4 BC slayls
Y595 00 e manshe a5 3 (LA (ley )o o
o alie BC g BB £LO slagls slp (20,0
Ok cdale (€O 09,5 @ Cod Ll (P>+/+0)
Oz (P<+/+ V) 091 ol P<+[+0) 20,0
F omasdn gleckle BC o555 Lagls
dmlie )0 (@0t slage, YV 9 VY o el
Y IS P> ) azils CO slagls
chle o wliEl S (2007) Bionaz et al.
Sfkee I pals S plyied Loy (gl
oS o] 5,Skes b gl o 1, (LFI) oS
31 Jol> NEFA oYL slacdale o 0o S 5,158
ally 55 mgsskr 5 NEFA il iul3dl 55

1. Liver functionally index



V-0 V.. UL:..‘...b‘\‘ S)sz‘m’ 3)5o‘ol).;~|u;o|o|a5lc

Table 5. Effects of dietary treatments on hepatic enzymes, liver functionality index, in fresh cows

Experimental diets* SEM P — value
Items CO BB BC BCB Diet Time Diet xTime

AST, U/L? 68.50 70.01 69.56 67.70 5.96 0.97 0.01 0.91
GGT, U/L® 32.24a 33.3a 23.71a 22.80b 2.54 0.02 0.01 0.09
Albumin, g/dL4 3.65 3.62 3.71 3.60 0.09 0.42 0.86 0.68
Cholesterol, mg/dL4 135.17 139.27 129.41 14551 12.08 0.57 <0.01 0.35
Bilirubin, pmol/L4 9.70a 9.63a 7.78b 7.25b 0.55 0.01 <0.01 <0.01
LFI°® -0.96 ab -2.21b 1.33a 0.29 ab 0.90 0.048 - -

(P < o]0 0) aites Sglate «dliSie Bgy> by yo 0 Sl ye JBlas Sl @b

B juise aly =BC rwlid awpo YA/ gyl g2 als gl ond (3Kl w8 juse aly =BB rawlis as,e Y/ gol> YL auilis =CO
Al oy Yo IY (gl o ails 9 )3 5 (gl 00 (13550l 08 0 s =BCB taiwlis 0o jo Y4 /F (gl o3 5w (gl 00 13501
il 3 giel Ll Y

Sl Jeelisls LS Y

el ol (5155 20l e, YV B ol e Blas Sk F

ol oals dle (20,5 slaje, YA o ¥ jo lacdglio clale ulul 50

a-b) Least squares means within same row with different superscripts differ (P < 0.05).

1. CO= high starch, containing 24.9% starch; BB = BP substituted for barley grain ground, containing 19.1% starch; BC= BP substituted for corn
silage, containing 20.6% starch; BCB = BP substituted for corn silage and barley grain ground, containing 20.3% starch.

2. Aspartate aminotransferase

3. y-glutamyl transpeptidase

4. LSM was reported over 1 to 21 DIM.

5. Calculated based on metabolites at 3 and 28 DIM.
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