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Table 1. Ingredients and chemical composition of starter diets fed to calves in experiment 1

Lslogl (sloey
(Kizs o3le ) o) (STygs dlge Exprimental Diets'
Ingredient (% DM ) Siond K595 o5 bgls
Lipogenic Gulocogenic Mix
b s 25.0 35.0 30.0
Soybean meal
iy St Al 15.0 - 7.5
Sugar beet pulp
PS5 g 15.0 - 8.0
Wheat bran
15 e s 15.0 - 75
Corn germ meal? ’
by dhgy 15.0 - 8.0
Soybean hulls
é‘” - 30.0 15.0
orn
}’; . - 27.0 13.0
arley
wxig
5.0 5.0 5.0
Alfalfa hay
il 3.0 - 1.4
Fat (RumiFat)
by b Job 45 _ 20
Full fat soybean
eedS Slo)S 03 0.6 0.2
Sodium bicarbonate
A el 53 03 0.5 0.50
Dicalcium phosphate ’ ’ ’
e Sl 0.5 0.5 0.50
Sodium bicarbonate
T e Ao g cyalizy pSlieS 1.0 1.0 1.0
Vitamin and mineral plus’ ’ ’ ’
S‘ST: 0.4 0.4 0.40
a
o go LS 5
Nutrient composition
b o 223 222 222
Crude protein (%)
IL\?‘SF"(*;’;P N 336 163 25.4
0
bd,\.:..;l [RVPRN] J,bub W]
ADF (%)° 18.9 8.5 14.3
ol e .
I\?;'“é')(f/ ‘)fl““"*""*)s 324 52.1 43.0
0
;Bt il 75 35 5.4
a
A(P)f?":s 2 &8 ) VjL“ 9 CS g BB (555 3.06 2.96 2.99
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potkeo 5 oS okS )3 o) o Vo by p)SolS )3 )8 oo VoY (59 @ SokS )3 ST e Y5 LS 2 S0kS 53 )8 (ee V¥ e s S0k 53 £ )5 e WO g2l p)SolS 3 25 e
2SS e A

oyl JB (5551 5 0 apulo (- 1) NRC 18 5 o3l 1Y 508 s cslohyipngs 5"l axivgd > Jolons s 55 oy b yd”
'Lipogenic starter diet (Dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and full fat soybean); Glugogenic starter diet
(corn and barley); Mix starter diet containing mixture of diets lipogenic and glugogenic.
2A by-product of the process of lubrication of corn germ, which after lubrication, corn germ meal remains and is used as animal feed
*Vitamin mineral mix contained per kilogram of supplement 15 000 000 IU of vitamin A, 250 000 IU of vitamin D, 10 000 IU of vitamin E, 6277
mg/kg Mn, 1250 mg/kg Fe, 1040 mg/kg Cu, 46 mg/kg Co, 1030 mg/kg Zn, 200 mg/kg I and 80 mg/kg Se.
“Neutral detergent fiber, *Acid detergent fiber, *Nonfiber carbohydrates, 'Calculated from NRC (2001), *Metabolic energy.
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Preference ratio- DMI of feed A/ (DMI of feed A +

DMI of feed B)
Sl :DMI ‘Lzl e :Preference ratio alaly opl )
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Table 2- Effect of exprimental diets on performance of calves in experimental !

29
Item

T stlojl slvop

Exprimental Diets?

P- value

S olS

Gulocogenic

Siond
Lipogenic

Ll
Mix

SEM

Treat

Time

Treat x Time

Taligy Slhgd Bpae
(p555)

DMP (kg)
RARTS

Wk* 1-7

Ve b A azan

wk 8-10

Ve Y atin

wk 1-10

*alisy ois ol oSk
(p555)

ADG’ (kg)

YBY ase

wk 1-7

Ve b A azan

wk 8-10

Ve b Y azan

wk 1-10

(p55kS) Shgs 035k
(kg) Feed efficiency
VB ase

wk 1-7

Ve b A azan

wk 8-10

Ve Y atin

wk 1-10

(pS9S) o 035
Body Weight (kg)
(BY 58,) 55 e
Weaning (d 57)
(V- 59) Skt

At end (d 70)

0.57

2.08°

1.03

0.60

0.89

0.68

0.58

0.48

0.56

74.93

87.87

0.60

2.10°

1.05

0.56

0.89

0.66

0.53

0.47

0.53

72.70

85.43

0.63

2.28*

1.13

0.60

0.94

0.71

0.54

0.46

0.52

75.00

88.51

0.049

0.049

0.034

0.022

0.050

0.023

0.025

0.025

0.020

1.34

1.49

0.68

0.01

0.09

0.42

0.68

0.43

0.46

0.84

0.47

0.40

0.32

<0.001

<0.001

<0.001

<0.001

0.51

<0.001

<0.001

<0.001

<0.001

0.41

0.88

0.65

0.85

0.87

0.97

0.81

0.87

0.84

(P <o/+0) 3l oo I3 me BOMS] Glyls S o e g > b sy s (glayySilio’
Lol el o {53 9 ©)3) 585l (el oy (bigww 8 Jsd 5 (23 09 g dtngy )3 pya AloniS iS pogn hiByatin Suid i) Sijond cnjlel o

Siard 9 S5 0> Sl S5 Jels
u_é)m L_§\»u> oaln‘“

"Means within same row with different superscripts differ (P<0.05).

2Lipogenic starter diet (dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and full fat soybean);

Glugogenic starter diet (corn and barley); Mix starter diet containing mixture of diets lipogenic and glugogenic.
3Dry matter intake (kg / day)

4week

SAverage daily gain (kg / day)

iy i oIl el
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Table 3. Effect of exprimental diets on structural growth parameters (cm) of calves in experimental 1!

Toiglejl slooyx
Exprimental Diets’
S35l S92 byl

Gulocogenic Lipogenic Mix

(o) (534 slaojlul
Structural growth
parameters (cm)

SEM P value

g
Body height
At birth
S plin 90.9 91.0 912 0.32 0.724
at weaning
otk

at end

o% Jsb
Body length
At birth
St i 52.4 523 532 0.43 0.370
at weaning
otk

at end

e gl
Hip height
At birth
S5yl plin 924 915 92.5 0.36 0.173
at weaning
okl

at end

Gk 2y
Hip width
At birth
it plin 238 235 23.6 0.21 0.626
at weaning
otk

at end

A )90
Heart girth
At birth
S5l pliin 100.1 99.3 99.4 0.66 0.643
at weaning
okl

at end

N e
Body barrel
At birth
et plin 115.1 114.0 1147 1.29 0.820
at weaning
okl

at end

77.9 78.40 79.2 0.46 0.158

93.0 92.6 93.1 0.33 0.328

45.7 44.7 45.5 0. 46 0.321

55.6 555 55.6 0.38 0.985

80.7 80.8 81.0 0.46 0.862

94.5 942 94.4 0.38 0.875

19.2 18.7 19.2 0.23 0.378

24.7 244 24.8 0.25 0.580

80.8 80.4 81.0 0.48 0.715

103.4 103.7 104.3 0.61 0.552

81.9 81.4 81.7 0.51 0.787

123.4° 127.0° 124.0° 0.93 0.025

(P <ol 0) widly oyl ime SMST ghls S ot By b cid) o sl cSile’
ol bgle el g {2 9 ©)3) S5S6I8 il 0y ligw €8 Jsh g (0 2o digw Sogy 235 i WS S agu iByilin St i) Sfond 0l o2
S 5 S oy slaSlygs | 5 5

"Means within same row with different superscripts differ (P<0.05).

“Lipogenic starter diet (dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and full fat soybean); Glugogenic starter
diet (corn and barley); Mix starter diet containing mixture of diets lipogenic and glugogenic.
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Table 4- Effect of exprimental diets on some blood metabolites of calves in experimental 1!

¥ sialofl glmo yx
Exprimental Diets?
b colorlie _
Metabolites S5 l5 Seijond Lylse SEM P value
Gulocogeni Li S .
c 1pogenic Mix
(5 o 2 p S k) 55
Glucose, mg/dL
Za;s” 113.5¢ 103.0° 99,20 3.55 0.05
e 108.72 99,00 965" 2.61 0.02
(3 2 Jge o) "y (oS g mle
BHBA?, mmol/L
263}5” 0.21 0.21 0.027 0.904
2.7}0” 0.27° 0.42¢ 0.32° 0.030 0.022
(32 (s 5 25 lee) Tog!
BUN¢*, mg/dL
:1&3}5” 26.0 24.0 23 0.828
2'7}0” 29.7 34.00 36.7 3.77 0.450

(P <o) sl o s sne G| el S yitapé Gyps b o) o (sl pSile)
x> s 5 ©53) SIS el o g 28 Jsb 5 o Pt g gy <9 o S (35 g 8050 K25 ) Seid (8] 0y

Seisd 5 S55T5lS o SaS)s ) S5 Jold bglsce o]
Ol S 5)kn 1

. A w ¥
O8> oyl ()3

"Means within same row with different superscripts differ (P<0.05).
2Lipogenic starter diet (dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and full fat soybean);
Glugogenic starter diet (corn and barley); Mix starter diet containing mixture of diets lipogenic and glugogenic.

3Beta hydroxybutyrate
“Blood urea nitrogen

g $laeSE s pina o b cou By e 28 pl &S
oy disal sl ganlinald b g caneSis )3 Sigal I eslazal
Shgs Y By Aol > Sy p yude 8Ly x5 )3
4y oie AleS o NN g[j S g pdy 430 4 Og.)'l.éi
d9-5 LadllwgS )3 095 syl 03550 9 4eS Slogel (2al3dl

M)

sloysl 395 s 32 otalejl slaloss Byan 3 )5 Sglis

sdalte (—iolofl (slalass o 3 Gialofl Vo 5 YD gy 10 06>
e e GRIBIL Jgone sk 4 (F Jgaz) (P >+/:0) aii
ol ptleil ol 5 Lol alyoe Gl (58 ol gyt clale
O cble (S e b 4l (Il e GRIBIL clale

)3 g 3l exgl 29> 9 2959 O Hilge 4 (S 95 logl
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Table 5- Effect of exprimental diets on ruminal pH and VFA concentration in calves receiving different starter diets'

29
Item

T lel (sloe e
Exprimental Diets’

S

Gulocogenic

Siond
Lipogenic

Lglso
Mix

SEM

P value

A4S Al b
Rumen pH
ALBIY

d 35

ALBIY)

d70

(5 2 Jgo Jecdee) T8 o slossl JS

Total VFA?, mmol/L
ALBIY

d3s

ALBIY)

d70

(e ) i
Acetate, mM

YO 59,

d3s

ALBIY)

d70

(oo o) lgmon
Propionate, mM

YO 59,

d3s

ALBIY)

d70

(Jgo o) ©lysge
Butyrate, mM

O 59,

d3s

ALBIY)

d70

ligmgy 4 Olil Cannnd
Acetate: propionate
ALBIY

d3s

ALBIY)

d70

5.5°

5.7°

97.0

103.6

43.7°

50.0°

41.0°

40.0°

13.1

13.8°

1.0¢

1.2¢

6.0°

6.1*

92.7

107.0

48.17

56.7*

30.1¢

33.6¢

14.0

18.22

1.6*

1.7

5.68°

5.9%®

94.6

104.1

45.1%

52.2°

36.0°

37.1°

15.2%

1.2b

1.4b

0.064

0.076

1.56

1.62

1.10

1.21

1.30

0.872

0.583

1.00

0.036

0.041

0.0005

0.014

0.206

0.331

0.050

0.010

0.0008

0.002

0.594

0.034

<0.001

<0.001

"Means within same row with different superscripts differ (P<0.05).
2Lipogenic starter diet (dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and full fat soybean);

Glugogenic starter diet (corn and barley); Mix starter diet containing mixture of diets lipogenic and glugogenic.

3Volatile fatty acid

(P <e]-0) w23l go Jbisine SHSI (gl S jntioys By b oy po louSile!

2l o (2 5 ©3) S5SHS el g g <8 Jsb 5 o 2o g Aoy (D)3 py2 ALK S g iy SUiS dlis) Suifsed el op”
K33 5 S5 0 a5 Jol bgle

S o ol
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Total 6- DMI (mean + SE) and preference ratio for pairwise preference test betwean Lipogenic and Glucogenic diets in experiment

sl 0] y90i] el B )3 b pas Suts o3lo p 5 IS
Preferen‘::test 7 TDMLIf);;—h test ~ Prert;et;e)glce SE P-value®*
TGl oy T oy Gl oy o Tl
Feed A Feed B Feed A Feed B
SS9 SjsS oS 68.7+750.0 264.8461.6 0.7387 0.06 0.001

{29 ©3) S35l 02 = © o> Hlg <8 Jgb 5 (02 P bigw Ay ()3 oy oS A5 ugew i jatie Suis )

wilige gl ool dlugs 1A G5 (ke ool
‘—i'”}?"‘J O > = <l e)%r

A5 Al (0 Sss s 23 ole + Gill S (b pmo K3 03ke) 1 il il STy b o S ole &g &

"Data averaged across n = 19 female Holstein calves/test.

sl rglaze +/0 33e 5| Gl e LT a5 ol 905"

Diet A = Lipogenic starter diet (dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and full fat

soybean); Diet B= Glugogenic starter diet (corn and barley).

3Calculated as DMI of mixture A/(DMI of mixture A + DMI of mixture B).

4Tests whether preference ratio differs from 0.5.
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Table 7- Pairwise comparison chart for ranking of preference betwean Lipogenic and Glucogenic diets in experiment !

Yoy &9 S S35 S
Diet type? Lipogenic Glucogenic
S B ]
Lipogenic

SiSsls - 1
Glucogenic

ALl sloo pos o 1 1

>Pi

10 3 Gl Cans & obgd dwlio ja (gl b s (b sme Jole plaie 4 oBg gesl (sl t ygeil I oolatul b Ll ge T
dly olaid] K b das oS 03b s 5 STy (9 S due ol 03y e 5 Sgd (gl g gliie
S35 oI5 il opr g < Jsh g (2 )0 g Ay <03 p 2 oS A5 agres B jatin Sits AB) S 023l 02"

{2 52)

"Preference was determined as significant using t-tests for each pairwise preference. For each pairwise
comparison where the preference ratio differed from 0.5, the preferred feed was assigned 1 and the

nonpreferred feed was assigned —1.

2Lipogenic starter diet (dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and
full fat soybean); Glugogenic starter diet (corn and barley).
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Introduction Ingestion of solid feed is necessary to stimulate rumen development in the young calf and
facilitate the transition from a pre-ruminant to a functioning ruminant. Lipogenic nutrients in ruminants originate
from fermentation of fiber to acetate and butyrate, dietary fat or are derived from body reserves. Glucogenic
nutrients originate from starch that has escaped rumen degradation or gluconeogenesis. The use of low-starch
starters is prevalent in dairy calf industry worldwide. These starters differ greatly in their composition of both
fiber and fat. The NRC (2001) suggested that adequate digestible fiber should be included in starter diets but
limited data exist to substantiate this statement. Digestible fiber sources such as sugar beet pulp, soybean hulls,
and wheat bran have a lower ME value than corn and barley grains which are starch rich. A meta-analysis of 6
studies showed positive linear relationships between starch concentration of starter feed with ADG. However
meta-regression analysis indicated that growth responses to starch concentration were influenced by ME
concentration in dry feed fed to the calves. One possible way to enhance energy intake is to increase the energy
density of the diet with fat. Convenient starter diets are typically low in fat. Most previous studies have either
compared high-starch to high-fiber starter diets or investigated effects of fat supplementation on rumen
environment and growth performance whereas our interest is in growth responses to diets differing in starch,
NDF, and fat in calves. We hypothesize that a low-starch starter feed in which starch is substituted by fiber and
fat will support growth performance similar to a traditional high-starch starter concentrate and high-fiber, high-
fat diet might also improve ruminal environment in calves. We also hypothesized that preference for certain type
of starter would become apparent, providing an indication of which type of energy sources may be considered
more palatable for calves and therefore recommended to formulate starter feed mixture. The objectives of our
study was to investigate the effects of lipogenic starter (low-starch with high-fiber and high-fat content) in
comparison with a glucogenic (high-starch) or mixture of glucogenic and lipogenic starters on growth
performance, ruminal fermentation, as well as blood metabolites of dairy calves during the first 70 d of life.

Materials and Methods In first experiment, thirty Holstein female calves (4 d of age; 41.0 + 4.0 kg of BW),
randomly assigned by BW to one of the three dietary treatments. Treatments consisted of (1) a high starch starter
feed containing corn and barley grain (glucogenic); (2) a high fiber and fat starter feed containing soybean hulls,
corn germ meal, sugar beet pulp, wheat bran, full fat soybean, and vegetable oil (lipogenic); and (3) a starter feed
containing mixture of diets 1 and 2 (MIX). Starter intakes were measured daily and all the calves were weighed
at birth and subsequently every 7 d until the end of the experiment. Feed efficiency was calculated as the weight
gain to feed intake ratio (kg/kg). In addition, the structural growth indices were measured on d 4, at weaning and
at the end of the study. Blood samples from each calf were collected at 35 and 70 d to determine glucose, BUN,
and B-hydroxybutyrate. Ruminal fluid was obtained 2 h after offering the morning feed at 35 and 70 d to
determine the rumen pH and concentration of volatile fatty acids. Data were analyzed as a completely
randomized design using a repeated-measures mixed model (PROC MIXED) of SAS software. In second
experiment, 20 Holstein female calves fed a standard ration until 70 days of age. Three days after weaning, each
calf was involved in a pairwise preference test between glucogenic and lipogenic diets. For each calf in each
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pairwise preference test, preference ratio was calculated as the consumption of one feed as a percentage of the
consumption of both feeds in the test. Preference ratios were compared for a difference from 0.5 (lack of
preference) using t-tests. The feed type was assigned +1 if it was preferred, —1 if it was not preferred, and 0 if the
preference ratio in a pairwise preference test did not differ from 0.5. Total preference scores were used as an
indicator of overall preference rank of individual feed type.

Results and Discussion Results of the first experiment showed that dry matter intake was higher in the MIX
diet group in the post weaning period than the other groups and a tendency to increase dry matter intake was
observed throughout the study period. Average daily gain, feed efficiency, body weight, and skeletal growth
were not different between treatments. Blood glucose (day 35 and 70) and plasma PB-hydroxybutyric acid
concentration (day 70) were higher in calves fed the glucogenic and lipogenic diet, respectively, compared to the
other treatments. Rumen fluid pH and acetate concentration in calves fed the lipogenic diet were higher than
those fed the glucogenic and MIX diets. The second experiment showed that calves preferred the lipogenic diet
over the glucogenic diet.

Conclusion The results from this study showed that providing MIX diet rather than glucogenic and lipogenic
diets increased post weaning intakes of starter without improving ADG and final BW. The results of the
preference test clearly indicate that lipogenic diet is a highly palatable feed for recently weaned dairy calves,
whereas glucogenic diet is less preferred. Given the positive trend observed in MIX feed diet, this diet seems to
be recommendable for farm application. Whether the effects of energy source in early life could have long-term
consequences on growth and milk yield are not known and warrant further research.

Key words: Energy sources, Growth performance, Starch concentration, Starter feed.



