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Table 1- Ingredients and chemical composition of starter diet

Feed ingredients % (Dry matter)

Chemical composition % (Dry matter)

Corn 42.5
Barley 12.0
Wheat bran 5.0
Soybean meal 37.6
Salt 0.4
Shelf powder 1.0
Mineral premix 0.5
Vitamin premix 0.5
Sodium bicarbonate 0.5

Dry matter 89.70
Crude protein 18.70
ADF 7.31
NDF 16.25
EE 2.26
Calcium 0.54
Phosphor 0.22

Vitamin A Supplement: Vitamin A, 500,000 1U/

kg; Vitamin E, 100 mg/ kg; Vitamin D3 100,000 1U/

kg; Mineral Supplements: Calcium 195,000 mg; Phosphorus 90,000 mg; Magnesium 90,000 mg 55
Sodium 55000 mg : Zinc 3000 mg Iron 300 mg, - Manganese 2000 mg : Copper 280 mg 100 Cobalt 100

mg : Selenium 1 mg  Antioxidant 400 mg

¥odnbeyl £0 5 Y lads, o (Sl 3 sl
clo Soabuw 5 o sac g (AsS| A Sl aay el

G JEBI S ey Osn sladisa Ll aladl 680 5a

sl (SHK) Sea slacsiul il uad s
(ol 5288 IS0 5 o sall s s (g 5 s sieulS

ol il g ol eSoomaly (S el



WA s /Y ojlasis Yo dls / ol pole (sl yigly & i

w9 LS"?D o c)Lo.l.g AV 7 d

(V204) olhlSan 5 oisle wsbige ORIl (o255
CA‘_)S‘ L‘jzu.a Q‘Jﬂ:ﬁ poden _}‘ suldingl «< ._\.sJ_)S u‘:\:s
€ 50 IR (V11 Ll 5 Lo Jalie Lo sl
K) ‘SP B (Y”Y) U‘J‘S"‘A K) ‘\933 C.\S)g.b _)‘)3 _):\3[3
< u_\:h))s L)il‘)‘:)g ‘dLa.uJi o8 (Y“'/\) Q‘J\SA.A K} J:\A
Q‘)fsz&ls&é‘:s‘)dcgubj;_)d@‘&dfé:ﬁ%‘)@
B Ajg)SASAALi QJ; l_j‘h.ufl:ﬁ.a_)é bJ.aiga;n.A.gJS
S S8 GBIK (YV004) ohlkes 5 K58 b
J‘\B.a‘):u.:b (_gLAdLa.u‘; &y Hd &Sf):\geé:\u.u‘;‘bduh‘
Gy dlbes 05 ol s GO 2 oSl el
€ wals Glas (Y- 1Y) golKea 5 s Guinan asl
= 00 ol Suse wal Gu S S
K] C&S & yan “T“fSJ: pev. N J‘)B J:\:.;l:' S ‘) LA‘L“.a.u;
oS ala) ol ge 3 sud suliil &l 558 5 JoSo o
OV GIIELBE 5 Wil e lotss JoSo 56 oS as
sala Shagsy so Seosbe aab S
@ s © saie Sl mass GIS S 5 S
RCIVIN RSV C::“):\S\y podeu L\ ‘L..uil:i.n BY) J.A.ala
S asas 4S B8 Ol (Y20 F) GlolSen 5 5550 S
g o e Sl el glageiila Ho ol
wole Ll S coedls 5wy o Slae el (Sl
el 5o olise 3,3 L (YY) OllKea 5 I,
Sl ghiol (slagg b callas «€ wa S (i, Glaas
GiL palS Sl slagsSh b 5 Gl
S8G15 Glhss Gos I sese Caliae ol
JGJLJxGE:AA;JJJMMﬁ.%H.AC&LBJJGAM
QW 005 wse o GOET spa 5 b o
Oly aBiae ool ol sud Hland sladll S
o9 b Gl ol s a8 Slae o gags S W S
5 ped e s g sia OLES @S s (oS a0l
LG58 cuaas S ue Galsedl s Slee s

L) sad 3ot,mle 488 V0 oue o o&asb)]
pors sobelan ) Gy o (B8 50 550 YO+ i s
=Yoo sles Lu euSeplal Gl B asew sladpa
—daiil i guSeslal a5l ol S Bl 4 o
oS 5) AT slacuS 5l suliiul b (Ssa sla
oius 3l soliiad Lo (Ol 0sedl Geol
R R (WL PR RI PV PR P

a5 3l saliied b s GLM wyy 51 soliind b Lasols
soliieal 45 dlalas .wiad 46T (Y- -¥) SAS 315l
B ) Soseds pala GRAs5 9

Sole Yip o 5o S Y= p+ Ti + b (xi-X) + e
waalie 58 Sl @l | 1SS o ol T las sualie
S8 5 4l 055 3 el o bl Slas 51T
il 2l LIS S0 ali et 4 s gy GlaleT (slad

g g b
o9 ol Alite mlie Hu S JoSo 4 b yo @l
sy o Shae o oled ud gladlu S cpslel 5,5kl
o35 S uls ol b sl s S50 Y Jpua 5o
@ 008 2 L solipre Sl oS abide b
(P>/20) asSS alal cdisssy soss dsk o8 O
el e e o Soms wal Bl wlie (a3
e 5 Shsa dyas 5 golapre S ol i
9 s 9 Jol sl s Hlsaad gladlu S (132 bas
Cial3al Lol L(P>2/-0) adls iy s o590 S
Oliis saiS =dbyu slasy S Lo Glas O
OS5 Ul slasle La (sulagine Giul3l sad culailas
Sla plas aald 658 L danlie Hu ol 8549
S atle3T slass S o ol ine colis (P<-/-0)
saaldie iy gon aga sle Hu s, OO Ol 8l Lk
S wa S GBS (Y1) OblKes 5 s85b S ads
solagine S5 dlel e pna 5o Sl maaa a3
by Llasd gldle S ol 0oy
Il pmos b (YoV) OLSes 5 (Sl
S8 5 asaes JeSe 3 595 00 p S Y 5V ¥ ol
S WS GIIS Llsaond gladlu S s @

8090 S 5 oSed B U8 Lo Shss Ses



Vv onliln Jlss s clhallusS (cdie dlge win ol 5 ss slaasiul b o Shes 005 gy S packes Slisy il sy

Table 2-Effect of butyrate supplement form on growth performance of suckling calves

Experimental treatment

Control SB CSB P value SEM
Body weight (kg)
Initial 39.70 39.68 39.00 0.94 1.50
Final 77.0 79.37 78.87 0.62 1.80
Daily weight gain (g/d)
1-30 days 298.82° 394.99% 421.412 0.02 30.66
30-60 days 693.50 707.66 795.10 0.17 40.02
1-65 days 591.10° 631.38% 740.24% 0.001 25.00
Feed intake (g/d)
1-30 days 333.75 407.62 440.75 0.32 50.54
30-60 days 933.75 973.37 1073.90 0.54 91.35
1-65 days 635.69 692.36 690.71 0.41 64.06
Feed Convection ratio
1-30 days 1.11 1.06 1.03 0.89 0.12
30-60 days 1.37 1.36 1.38 0.99 0.12
1-65 days 1.07 1.02 1.06 0.84 1.07

abcMeans in a same row with different superscripts are significantly different (P<0.05).
Control = Control, SB = Sodium Butyrate, CSB = Coated Sodium Butyrate
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Table 3- Effect of butyrate supplement form on blood metabolites of suckling calves

Experimental treatment

Control SB CSB SEM P value
Glucose (mg/dl) 69.54 77.25 73.72 6.10 0.17
Cholesterol (mg/dl) 51.42 49.64 53.81 3.89 0.75
Triglyceride (mg/dl) 12.55 10.47 12.95 1.30 0.37
Total protein (g/dl) 7.28 7.62 6.55 0.61 0.49
Albumin (g/dl) 241 3.07 2.89 0.32 0.13
Globulin g/dI) 5.14 4.55 3.66 6.71 0.35
Urea (mg/dl) 34.03 34.35 33.90 2.89 0.83
Alanine amino transferase (U/mL) 10.58 15.00 19.63 3.69 0.25
BHBA (mg/dl) 0.14° 0.20% 0.242 0.026 0.03

abcMeans in a same row with different superscripts are significantly different (P<0.05).
Control = Control, SB = Sodium Butyrate, CSB = Coated Sodium Butyrate
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Table 4- Effect of butyrate supplement form on nutrient digestibility of suckling calves

Experimental treatment

Nutrients, % of DM Control SB CSB SEM P value
Dry matter 67.42 69.40 71.01 1.23 0.17
Organic matter 70.90 72.75 74.22 1.53 0.35
Crude protein 66.62° 71.32% 73.862 1.11 0.04
Ether extract 69.32 71.01 65.70 3.23 0.52
Neutral detergent fiber 48.96 51.88 47.57 3.76 0.71

abcMeans in a same row with different superscripts are significantly different (P<0.05).
Control = Control, SB = Sodium Butyrate, CSB = Coated Sodium Butyrate.
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Introduction: Suckling calves rearing is the most crucial period for a dairy farmer because calves
today will make the cows in the herd tomorrow. The success of the calf rearing period is the
production of strong and healthy calves at weaning that continue well to their steady growth after
weaning. Rumen of neonate calves is inactive and undeveloped and its stimulation to fast growth is
of most importance. Volatile fatty acids including acetic acid, propionic acid and butyric acid are
considering as main stimulators of rumen growth (Gorka et al., 2009). Acetate is primarily needed
for peripheral energy, and in the adult cow part of it is incorporated into milk fat. Propionate is used
to produce glucose in the liver. However, the role of butyrate for the ruminant is quite different.
Butyric acid is one of the energy sources for rumen epithelial cells and has more stimulating effect
(Heinrichs and Lesmeister, 2005). Butyrate inclusion in both milk replacer and solid feed has been
shown to have beneficial effects on both intestinal development and animal growth in young
livestock (Gorka et al., 2009). Enteric disorders in calves are associated with microbial dysbiosis in
the gut, and thus the health-promoting effects of exogenous butyrate may be underpinned by
modulation of the gastrointestinal microbiota. There is an evidence that encapsulated butyrate can
reduce enteric pathogen colonization in swine and poultry and direct infusion of butyrate into the
mature sheep rumen caused significant changes to the resident microbiota (Gorka et al., 2017).
Based on this information, use of butyrate supplements in suckling calves nutrition was
recommended to stimulate rumen epithelium growth. The aim of this study was to investigate the
effects of microencapsulated sodium butyrate on performance, blood metabolites and nutrient
digestibility of suckling Holstein calves.

Materials and methods: For this experiment, 24 newly-born Holstein calves (average age 1-10
days, average weight 39+4 kg) were used in a completely randomized design with three treatments
and eight replications. The experimental treatments were: 1) Starter diet with no additive (control),
2) Starter diet with 5 g of sodium butyrate per day, 3) Starter diet with 15 g of microencapsulated
sodium butyrate per day. Starter diet and water were available ad-libitum throughout the
experiment. Calves were divided randomly among the experimental groups based on their birth
weight to have similar average birth weight. Colostrum feeding was done by a nipple pail until three
days of age and thereafter, milk feeding program was followed by feeding 4 kg whole milk from
birth to d 14 in two meals, 6 kg milk from d 14 to 60 in two meals and 3 kg milk from d 60 til 65 in
one meal and weaned at d 65. Milk was fed at 8:00 and 18:00 by bucket, and no refusal of the
offered milk remained. Calves had free access to starter diet and water from d 7 of life and chopped
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alfalfa was included in the diet from d 20 of life at the rate 10 percent of starter diet. Individual
pens, with 1x2.5 m dimensions, that cleaned and bedded daily by fresh and dry straw were used for
keeping the calves. For determination of growth performance throughout the experiment, calves
were weighed biweekly on d 14, 28 and 42 of the experiment individually prior morning milk meal
and the difference between two weighting was considered as weight change. Starter intake was
determined from the difference between the offered feed and the refusal remainder the next day.
Blood sampling were taken monthly (two times, on d 30 and 60) from jugular vein in two stage of
all calves 4 hours after morning feeding. The collected blood samples were centrifuged at 3500%g
for 15 min at 4°C and the obtained plasma and serum samples were freezed at -20°C till the analysis
day. After thawing on room tempreture, the samples were analyzed to determine the concentration
of glucose, total protein, albumin, glubolin, cholestrol, triglyceride, urea, aspartate
aminotransferase, and betahydroxy butyrate. Apparent digestibility of nutrients including dry
matter, organic matter, crude protein, ether extract and neutral detergent fiber was measured by
using acid insoluble ash as external marker.

Results and discussion: The results showed that the addition of microencapsulated sodium butyrate
in starter diet of suckling calves had no effect on final body weight, starter intake and feed
conversion ratio of calves. Calves fed 15 gr of microencapsulated sodium butyrate had significantly
higher daily gain in the first month and total experiment period compared with control one
(P<0.05). There were no significant differences among the experimental treatments on average daily
gain in the second month. The results showed that supplementing calves with butyrate supplements,
encapsulated or common sodium butyrate did not influence blood concentrations of glucose,
cholesterol, triglyceride, albumin, total protein, and blood urea at d 30 or 65 experiment; whereas,
blood beta-hydroxy butyrate concentration was higher in calves fed microencapsulated form
compared with control calves (P <0.05). Feeding butyrate supplements had no effects on
digestibility of dry matter, organic matter, crude fat and neutral detergent fiber. Protein digestibility
increased significantly by feeding the microencapsulated form of sodium butyrate compared with
the control (P <0.05). Gorka et al. (2009) reported that use of butyrate in starter feed of calves had
not significant effect on body weight gain. Ferreira and Bittar (2011) reported that blood beta-
hydroxy butyrate concentration was not affected by addition butyrate supplementation. Deymeh et
al. (2014) reported that supplementing starter diet of calves with butyrate causing improve protein
digestibility. Guilloteau et al. (2010) reported that feeding butyrate supplement in milk replacer
improves pankreas function and nutrient dugestibility. Zabielski et al. (2008) stated that feeding
butyrate to suckling calves increased the length of intestinal papillae. Rearing suckling calves is one
of the most important management programs in dairy cow farms and use of good and precise
nutritional strategies is of importance for growth and health of calves. Application of feed additives
is one of these nutritional tools. The results of this study proposed that the addition of
microencapsulated sodium butyrate, compared with common sodium butyrate, based on its positive
effects on performance and nutrient digestibility and blood beta-hydroxy butyrate concentration,
can be recommended in rearing suckling calves.
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