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Tablel-Ingredientsofexperimental diets and chemical composition (g/kg DM)

0 yu> :‘P‘
Components of diet

" stalesl (sloo
Experimentaldiets!

NSO-NAH

NSO-AH

SO-NAH

SO-AH

ok Ol g il
Barley grain ground
o Sl €yd &l
Corn grain ground
bges dlls’

Soybean meal

bgw 9,

Soy oil
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Min-vit supplement?
el Sl

Calcium carbonate
b Oy S o

Sodium bicarbonate
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salt

ot o S|
Magnesium oxide
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Alfalfa hay (chopped)
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Chemical components
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Metabolizable energy (Mcal/kg)
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Crude protein (%)
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Crude fat (%)
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NFC (%)
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Calcium (%)
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Phosphorus (%)
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!Treatments including; (1) no soybean oil supplementation with no forage included in the starter NSBO- NAH); (2) no soybean oil
supplementation with alfalfa hay included in the starter NSBO- AH); (3) soybean oil supplemented with no forage included in the
starter (SBO- NAH); (4) soybean oil supplemented with alfalfa hay included in the starter (SBO-AH).
2 Every kilogram of supplementcontained:180 g of Ca, 90 g of p, 21 g of Na, 19 g of Mg, 3 g of Fe, 3 g of Zn, 2 g of Mn, 300 mg
of Cu, 100 mg of Co, 100 mg of 1,1 mg of Se, 500,000 IU of vitamin A, 100,000 IU of vitamin D and100mg of vitamin E.
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Table 2-Least square means for starter intake, ADG and feed efficiency in dairy calves fed soy oil with different dietary
starter forage level (0 vs. 15%, DM basis) (n = 10 calves per treatment).

rdile o> P-value
Experimentaldiets!
Lo sito NSO SO .
parameters NAH AH _ NAH _An oM SO AH SO™AH
39 2 P by ol 532 6360 6120 494 5696  0.58  0.90 0.05
Starter intake, g/d
ol e[S (e i
T 651 649 650 651 2242 095 098 099
39y 2 £ )bl ) (Span St osle
o i e 1183 1287 1263 1146 6027 060 091 0.6
i 2 05 liy) 0y Sl oSl 640 607 675 554 3419 080 002 008
Average daily gain, g/d
PSS oM 09
Body weight, kg
ot 400 405 398 392 080 036 090 050
Initial
S ) 784°  769% 804 727 188 048 001  0.05
weaning
Y R .
Shes o35t 057 051 058 050 003 090 003 071

Feed efficiency?

(P<0.05) 3sh (o )b ixe M| (glyls S yuitio e gy b sy o gla uS5Le®D
5 bgw 095 b 5l opx SO-NAH:aos b g bgw g, st 5oliel e NSO-AHteorigy cig 5 bgw (95 09 ool ey NSONAH ¢ Jols ol (sl los !

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

sy 5 bge of ) b )kl 0> SO-AHsemg, g
hyae S ol 5SS o s il eSS

1Treatments including; (1) no soybean oil supplementation with no forage included in the starter (NSBO- NAH); (2) no soybean oil
supplementation with alfalfa hay included in the starter (NSBO- AH); (3) soybean oil supplemented with no forage included in the starter
(SBO- NAH); (4) soybean oil supplemented with alfalfa hay included in the starter (SBO-AH).

2Kilogram of body weight gain /kg of total dry matter intake.
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Table 3-Least square means for growth parameters in dairy calves fed soy oil with different dietary starter forage level
(0 vs. 15%, DM basis) (n = 10 calves per treatment).
lesllno
Experimentaldiets!

(PYVEH NSO SO
parameters NAH AH NAH AH

ol cdiges 93
Heart girth, cm

it 80.7 819 804 806 085 041 047 0.0

Initial

x5 | 1026 1035 1022 1004 112 012 069 023

weaning

FogBle (s Jobo
Body length, cm

it 489 485 496 485 068 060 027 0.0

Initial

Sx5d 625 626 628 614 132 076 060 0.6l
weaning

Fogls (s Gos

Body barrel, cm

it 802 815 804 790 089 020 095 0.4

Initial

S5 5] 1155 1163 1159 1148 176 088  0.93 0.71

weaning

P-value

SEM SO AH SO*AH

Foslo wlEyas ¢lis)
Wither height, cm
it 812 817 809 8.6 081 071 046 0.8

Initial

$x5pd 98.0'  96.6®  98.6° 935> 086 0.2 <001 0.2
weaning

Fo (Sl cun el

Hip height, cm

o] 793 8.8 809 801 080 057 066  0.19

Initial

d)j)w ) 97.0 96.0 95.6 92.4 0.68 <0.01 <0.01 0.12
weaning

Fotle cup o2

Hip width, cm

ot 153 152 152 146 024 016 016 031

Initial

555 ] 206 208 208 199 060 056 057 036

weaning

(P<0.05) 33l o > sino O] (ghls S o gy b gy (sl SolaD
L )S)LZ...;| o> SO-NAH faxdgy L 9 L?‘“’ 59y 9N )S)t‘w\ oy NSO-AH fAxder 9k g L5.w OF9) O9N )B')L';.w\ 0> NSO-NAH ¢ Jolis u“,“‘l")i slles !
59 9 by (9 b )kl 0> SSO-AH ta5dg) (190 9 bgw 189

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

!Treatments including; (1) no soybean oil supplementation with no forage included in the starter (NSBO- NAH); (2) no soybean oil
supplementation with alfalfa hay included in the starter NSBO- AH); (3) soybean oil supplemented with no forage included in the
starter (SBO- NAH); (4) soybean oil supplemented with alfalfa hay included in the starter (SBO-AH).
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Table 4-Least square means for ruminal metabolism in dairy calves fed soy oil with different dietary starter forage level
(0 vs. 15%, DM basis) (n = 10 calves per treatment).

\ . J
Uﬁu)liuoﬁ?, P-value
- Experimentaldiets!
e NSO SO
parameters NAH __AH  NAH ___Am__ obM SO AH - SOTAH
4085 pH
R 5.50 5.74 5.51 5.55 0.08 028  0.11 0.29
Ruminal pH
Voo g Joeiee 0295 b8 g slaanal
Short chain fatty acids, 93.1@  89.9®  90.4 78.2° 2.63 0.01  <0.01 0.05
mmol/100
Sl
45.1 1.4 48. 4. 1.36 06 <0. .
Acetate (A) 5 5 8 54.3 3 0.0 0.01 0.79
ligngn
35.6 31.6 30.7 29.3 1.07  <0.01 0.02 0.26

Propionate (P)
Sligmgy 4 Ol Cans

1.27 1.65

Acetate: Propionate
Slys

7 136 114
Butyrate
e 58 0y sladed

’ .64 .

BCVFA? > 530

1.60 1.87 0.09 0.01  <0.01 0.60

15.9 1.1 1.01 036 <0.01 0.22

4.54 5.16 0.55 0.21 0.67 0.50

(P<0.05) x5l o > imo OS] (gl S o d Gy b iy o (sl (TP

b 5kl o> SSO-NAH s b g bgw (195 (g 35kl 0> NSO-AH sassgy 9 5 bgw 95 (a9 55liel o> NSO-NAH ¢ Jolis ctilel (sl los

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

gy g bgw gy b f)liel o> SO-AH tacisy (50 5 Lsw 89,

!Treatments including; (1) no soybean oil supplementation with no forage included in the starter (NSBO- NAH); (2) no soybean oil
supplementation with alfalfa hay included in the starter (NSBO- AH); (3) soybean oil supplemented with no forage included in the
starter (SBO- NAH); (4) soybean oil supplemented with alfalfa hay included in the starter (SBO-AH).

2 Branched Chain Volatile Fatty Acids.
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Table 5-Least square means for blood metabolites and liver enzymes in dairy calves fed soy oil with different dietary
starter forage level (0 vs. 15%, DM basis) (n = 10 calves per treatment).

L alesllao s

. . P-value
" Experimentaldiets!
e NSO SO
parameters NAH A0 NAH __an__ oeM SO AH - SO*AH
7 o0 3 e 595 101.0°  103.4* 110.7*  96.8  3.46  0.65 0.1 0.02

Glucose, mg/dl

A P e el Sy (o558l 015 010 013 008 002 029 002 097
BHB, mmol/I

A 03 3 pSeken (o yulS

Cholostorel, maldl 944 1085 11875 1122 736  0.06  0.60 0.17
F 3 2 e ety 300 321 227 288 469 027 038 067
Triglyceride, mg/dl

72 p el oan S 6.50 6.34 6.22 6.31 0.07  0.05  0.63 0.11
Total protein, mg/1

sl 3 o Sekee omeadl

Albamin, mg/ 3.9 3.84 3.68 384 023 062 085 0.63
O 03l OIars

BUN, merdl 20.8 245 21.0 25.2 1.81 081  0.03 0.87

7 Mol i 205 sl el bl
AST, 1U/1 415 360 447 534 613 0.0  0.80 0.25

55 el g 251y el Y]
ALT, U/ 5.42 5.14 7.14 5.15 0.99 0.39 0.26 0.38

(P<0.05) 125 oo 41> ine S| (g l> oS s gy b gy ym sl et
b 5 kol o> SSO-NAH ta5g b g bgw (195 (g 35kl 0> NSO-AH sassgy 9 5 bgw (95 (a9 55liel 0> NSO-NAH ¢ Jolis ctlel (sl los

osig 9 bgw o) b )kl op> SO-AH faoigy (154 5 bgw (59,
abMeans within same row with different superscripts differ (P<0.05).
!Treatments including; (1) no soybean oil supplementation with no forage included in the starter (NSBO- NAH); (2) no soybean oil
supplementation with alfalfa hay included in the starter NSBO- AH); (3) soybean oil supplemented with no forage included in the
starter (SBO- NAH); (4) soybean oil supplemented with alfalfa hay included in the starter (SBO-AH).
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Introduction Rumen growth and development is a complex process that is highly influenced by nutritional status.
The characteristics of a starter diet and nutrients such as fat, protein and forage are closely linked to proper rumen
growth and successful weaning, which can ultimately affect the future of alternative heifers and milk production.
Consumption of fat sources due to reduced dietary dust, increased dietary energy and reduced ability to produce
methane in ruminal fermentation in ruminants has been favored. Research has been shown that the use of fat in the
diet of dairy calves has increased efficiency. However, the level of fat consumed, its source, and individual fatty acid
ratios appear to impact the performance of dairy calves as well. Regardless the dietary fat inclusion and energy status,
researchers have reported that the use of forage in the diets of dairy calves has improved ruminal function and growth
function, stimulated rumination and reduced non-nutritional behaviors. However, the use of high levels of forage in
dairy calves will lead to poor rumen development, gastrointestinal filling, reduced feed intake, and ultimately reduced
growth in dairy calves. Due to the fact that fats could cover on the dietary fiber and prevent the access and binding of
microorganisms in the digestive tract, the digestion of fiber is reduced and consequently the consumption of food is
also affected. Therefore, due to these contradictory assumptions and also due to limited studies on the interaction
between fat consumption and fiber source level in dairy calves, an experiment examining the effects of soybean oil
(SO) on starter diets with or without alfalfa hay inclusion (AH) on performance, body Growth, ruminal fermentation,
and blood metabolites were performed in Holstein dairy calves.

Materials and Methods The present study was conducted in Avin-Dasht Industrial Livestock located in Takestan
city of Qazvin province. For this purpose, 40 newborn Holstein calves with an average age of 3 days and an average
weight of 39 + 2.2 kg with 4 experimental diets (10 repeat/ each) were used completely randomly as a 2 x 2 factorial
design. Experimental diets include: 1) No SO supplementation with no AH (NSO-NAH); 2) No SO supplementation
with 15% AH inclusion (NSO-AH); 3) SO supplementation with no AH (SO-NAH); 4) SO supplementation with 15%
AH inclusion (SO-AH). The milking plane for calves and the volume of milk consumed by the end of the period were
similar for calves in all treatments. Study was initiated from d-3 of age, weaned on d 63 and calves had free access to
starter diet and water throughout the study. During the experiment, to determine the daily feed intake, before the fresh
starter offering, the feed residual was collected and recorded. The chemical composition of the food treatments was
measured. Growth factors were measured at the time of entry into the experiment and at weaning day as last day of
the experiment. The calves were weighed on 10-d intervals until the end of the experiment (d -60). Growth parameters
were evaluated on initial day and on the final day of the experiment. Rumen samples were taken was taken and the
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concentration of volatile fatty acids was determined using a gas chromatography. The blood metabolites and liver
enzymes concentrations were measured using commercial kits of Pars Azmoun Company and by calorimetry method
with spectrophotometer. Data were analyzed using SAS statistical software and MIXED procedure with main effect
of SO, and AH, and their interaction. The significance was considered at P < 0.05, and tendency was considered when
P value was between 0.05 and 0.10 in the current study.

Results and Discussion The results of the present study showed that starter intake was influenced with the
interaction effect between SO and AH, and the lowest starter diet intake was for SO-AH diet (P < 0.05). The average
daily gain was tended to be lower in SO-AH diet and hence the least BW was observed for this treatment at weaning
time (P < 0.05). Results show that heart girth, body length, body barrel, hip width did not differ among treatments.
However, wither height was reduced in calves fed SO when it was along with AH. Both SO and AH inclusion in
starter diet reduced hip height in the current study. The total short chain fatty acid concentration was reduced in SO-
AH treatment compared with others. Feeding forage reduced propionate and butyrate but increased acetate
concentration in ruminal fluid. The lowest blood glucose concentration was found in dairy calves fed SO-AH treatment
in the current study (P = 0.03). The blood concentrations of total protein were reduced, but cholesterol was increased
in SO supplemented calves. The concentration of blood urea nitrogen was increased when calves fed AH in starter
diet (P = 0.03). However, in contrast, the beta-hydroxybutyrate concentration in the blood of calves fed alfalfa hay
was reduced (P = 0.02).

Conclusion The experiment results indicated that supplementation of SO and AH separately in the starter diet of
dairy calves had a negative effect on ruminal fermentation and hip height. By supplementing SO, an increase in serum
cholesterol was observed, but it reduced the total protein in the serum. The results of blood urea concentration showed
that the inclusion of AH increased its concentration; however, with respect to the beta-hydroxybutyrate concentration,
it was reduced by AH inclusion in starter diet. The results showed that concurrent feeding of SO (3%) and AH (15%)
in the starter diet of pre-weaning dairy calves, decreased the concentration of volatile fatty acids in rumen, blood
glucose, weaning BW and wither height. Due to the current experimental conditions, the concurrent feeding of SO
with AH is not recommended due to the negative effects of their interaction on growth performance, ruminal
fermentation and as well as on some blood metabolites during pre-weaning period.

Keywords: Dairy calves, Forage level, Ruminal fermentation, Soy oil.



