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Introduction: Whole milk is a highly digestible food for calves. Calves receive 10 to 12 percent
of their body weight in milk daily. Therefore, the lactation period is the foundation for the health
and proper growth of calves. Adequate growth in proportion to the genetic potential of the animal
can reduce the age of puberty of calves and the slaughter age of male calves. The high price of
milk, long-term feeding of calves with milk or milk replacer is not economically viable for the
farmer, and the cost of a growing replacement heifer is still high. Advanced management allows
for earlier weaning, as it reduces the cost of raising replacement animals. Strong heifers with
proper growth after weaning can be introduced into the herd earlier (Naserian, 2005). Therefore,
the rumen should be activated as soon as possible and with appropriate feeding programs to allow
for early weaning of calves. The development of the digestive tract of suckling calves affects feed
intake, digestion efficiency and resistance to digestive disorders and consequently their growth
and health, any method that enhances these processes is highly desirable. In newborn calves in the
first weeks of life, it is expected that most of the supplemented butyrate in a protected form will
pass through the rumen and abomasum and be delivered to the small intestine, where it has a local
effect on the intestinal epithelium. In general, the recommended level of butyrate supplementation
in calf feed is low or very low. The use of protected butyrate in starter at a level of 0.3% of dry
matter is recommended because it is sufficient to have a stimulating effect on the growth of the
digestive tract and improve growth performance. Therefore, the present study was conducted to
investigate the effect of different levels of preserved sodium butyrate on feed intake, growth
performance, blood parameters, oxidative stress parameters, and skeletal traits in suckling Holstein
calves.

Materials and Methods: This experiment was conducted using 42 male calves with an average
weight of 44 kg in a completely randomized design with three treatments (including levels of 0,
0.25, and 0.5% preserved sodium butyrate) and 14 replications in each treatment. Health and
breeding management were applied according to common standards. The duration of the
experimental period was 70 days and was considered until weaning. The performance of the calves
was measured by weighing their body weight at the beginning of the period and weekly. Feed and
water were provided to the animals ad libitum, and the amount of feed and the remaining feed
were collected and weighed the next day. Finally, the dry matter intake was measured based on



the amount of feed consumed and the body weight gain obtained in different treatments. The
measured traits included dry matter intake, average body weight gain, feed conversion ratio, blood
parameters, oxidative stress parameters, and skeletal traits.

Findings: The effects of experimental treatments on dry matter intake, average body weight gain,
and average feed conversion ratio on body weight of suckling calves as performance indicators
were not significant. At 25 days of rearing, different levels of protected sodium butyrate
supplementation had no significant effect on total protein and cholesterol. However, significant
effects were observed on albumin, glucose, triglycerides, urea, and beta-hydroxybutyrate. The
effect of different levels of protected sodium butyrate supplementation on serum alanine
aminotransferase enzyme was not significant on day 25 of the rearing period. The effect of
different levels of protected sodium butyrate supplementation on liver enzymes including aspartate
aminotransferase, antioxidant capacity and malondialdehyde was significant on day 25 of the
rearing period. The effect of different levels of protected sodium butyrate supplementation on
aspartate aminotransferase, alanine aminotransferase and serum antioxidant capacity was not
significant on day 50 of the rearing period. The effect of different levels of protected sodium
butyrate supplementation on malondialdehyde, total protein, triglyceride and urea was significant
on day 50 of the rearing period. The effect of different levels of protected sodium butyrate
supplementation on body length and hip height in suckling calves was significant at the end of the
weaning period. Also, the effect of different levels of protected sodium butyrate supplementation
on chest circumference, withers height, pin width, and hip width in suckling calves at the end of
the weaning period was not significant.

Conclusion: In general, these findings indicate that protected sodium butyrate not only affects
energy metabolism (through increased beta-hydroxybutyrate), but also plays a protective role in
liver health by improving blood parameters such as total protein and reducing oxidative stress
(decreased MDA and increased TAC). The use of protected sodium butyrate supplementation,
particularly at the 0.5% level, can be recommended as an effective strategy to enhance metabolic
health and reduce oxidative damage in suckling calves.
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Table 1- Feed ingredients and chemical composition of the basal experimental diet fed to Holstein

suckling calves
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b Sulb @) 23.65
Corn grain, steam-flaked

o b 2.12
Barley grain, dry, ground

Uy dllous’ 20.42
Soybean meal, expellers

1518 dlows 2.78
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Corn gluten meal

pAS Loge 4.22
Wheat bran
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Beet pulp, dry
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Sodium bicarbonate
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Calcium carbonate
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Sodium chloride (salt)
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Magnesium oxide
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Mineral Supplement
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Metabolisable energy (Mcal/kg DM)

S odingd ) Joloeali 5 16.10
Neutral Detergent Fiber (%)
(Sl oipgd y> Jolonals 8.70
Acid Detergent Fiber (%)
(22,9) pB (6590 20.30
Crude Protein (%)
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Starch (%)
(109) & yuuS 9.00
Ash (%)
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Calcium (%)
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Phosphorus (%)
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1- Complementary composition of vitamins: Premix composition per kg: vitamin A, 500000 IU; vitamin D3, 100000 1U
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2- Complementary composition of minerals: Ca, 196000 mg; P, 96000; Mg, 19000 mg; Na, 71000; Cu, 300 mg; Fe, 3000
mg; Mn, 200 mg; Zn, 300 mg; I, 100 mg; Co, 100 mg; Se, 100 mg
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Table 4-5- Effect of different levels of protected sodium butyrate supplementation on growth performance of suckling calves
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feed protected sodium butyrate, * Standard error of the mean, ** Significance level
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Table 3: Effect of different levels of protected sodium butyrate supplementation on blood metabolites of dairy calves at 25 and 50 d

inlel cla 09,5 “aals Y e n.';l,g'y Seoyd <[V pPRw Q'H‘y Juoyd o0+ SEM*  P-Value*
Treatment Control  0.25 % sodium butyrate  0.50 % sodium butyrate

(dedlp ) P69

Total protein (g/dL)

ESTTALY 25days  7.01 6.76 6.94 0.133 0.101
sy be 50 days  7.14° 7.40° 7.34% 0.112 0.050
(g3l p 5) crvosd]

Albumin (g/dL)

' Blood Urea Nitrogen
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Sin Ve 25 days  3.44% 3.34° 3.44* 0.043 0.054

e 0 50 days  3.44 3.35 343 0.061 0.290
(e iswa [p)5 (o) 55515

Glucose (mg/dL)

SRl 25 days 122.4* 151.1° 106.2° 6.271 0.021
s O 50 days  85.07 86.71 86.79 3.200 0.911
(o 1.5 ko) Jgiuls

Cholesterol (mg/dL)

SRl 25 days 101.93 99.711 97.14 4.472 0.753
ST 50 days 103.57 102.29 99.57 5.830 0.880
(Fiwn [p55 o) S plS 5

Triglycerides (mg/dL)

i Yo 25 days  18.21° 17.930 23.292 1.745 0.045
ESITLE 50 days  25.86° 35.00° 30.93® 3.146 0.020
(MMOI/L) &gy guS 9,000k

BHBA(Mmol/L)

STl 25 days  0.111° 0.097° 0.114* 0.006 0.042
ESITTE 50 days  0.11 0.12 0.13 0.011 0.082
(#ion [p55 o) 08 Slosg) 39535

BUN (mg/dL)

<o) V0 25 days  13.55 12.42 11.32 0.811 0.163
< ie) O 50 days 15.55 11.18 9.71 2.472 0.232
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Eob Gxe o ™ (ke

L Control treatment (basal diet): Starter diet without additives, > Basal diets containing 0.25% of protected sodium butyrate, * Basal diets containing 0.5% of feed
protected sodium butyrate, * Standard error of the mean, ** Significance level
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Table 4: Effect of different levels of protected sodium butyrate supplementation on oxidative stress parameters of newborn calves
at25and 50 d

] . ¥ s V0.
oalojl s 2g )5 Yol T s Sl yei g 0 y3 /Y0 PERWOIL) VR WL Y

Treatment Control  0.25 % sodium butyrate O'S%Sfyigtd; um SEM P-value
Syl gigal Sl

AST(UIL)

STl 25 days 51.14° 59.502 57.07%® 3.53 0.021
s O 50 days 68.79 69.86 61.29 5.85 0.535
il pgical (Y]

ALT (U/L)

STl 25 days 13.29 13.79 12.93 1.19 0.884
SSis) 0 50 days 18.14 19.00 15.57 1.75 0.163
RLEWI (|

Antioxidant (mmol/L)

s YO 25 days 0.50% 0.49° 0.542 0.23 0.032
S is) 0 50 days 0.50 0.51 0.53 0.39 0.716

" Malondialdehyde
2 C10H17N306S
3 Total Antioxidant Capacity
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sslsagglle

MDA(Nmol/L)
S Vo 25 days 2.492 2.21% 1.97° 0.20 0.040
o9 0 50 days 2.07% 2.262 1.91° 0.16 0.043

shme (gllas * ol cdable Sy made o> /B0 (gols b ops T sl clable lpSe made oy /YD (gl b oy T (33938 ey 5kl 0y (0l 0pn) sals e
Eob Gxe o (ke

L Control treatment (basal diet): Starter diet without additives, ? Basal diets containing 0.25% of protected sodium butyrate, ° Basal diets containing 0.5% of feed
protected sodium butyrate, * Standard error of the mean, ** Significance level
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(Agakhani et al., 2020) 15" S gy Sl Ay & Wlgs

Pz 9 i8S (B e 929 & Wl (6yed Slagn jRl g b (B Bpan dlg o 50> Jlesl LY 5 (S
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sile (Sdglio g goyom 3)Slas LS 06 1) gl 4 A5 o (igto 5 (i Wile (6905 alsel (slad
g logS Codw @iss 13l cov bl Hlaie a5 W yls Slginl 13y j> ere i TIGF-1 5 ((GH) iy (90598

Iy clodgy (slajp L)y wils o Sligmap 9 ©lysg d5le (VFA) 13 Gya sladul 136 .l (655 cdl s oo
Dgd o o (Job by il 4 e ST s ]38l ) (gdse dlge ods g 0dly Dgupo

dons ) g Slomiwl Wby ioli8l el Jlod 1 sladlwsS 6 4 odbcdadlbre wadw Slypde 3458 Y] colps po
iy Oiell g lodgy ol (ials g3k dlgo pan ol dguy > 4 Slgi oo I cul D9 (4 Jobo Lial38)
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Table 5: The effect of different levels of protected sodium butyrate supplementation on the skeletal characteristics of dairy
calves at the end of the period (50 d)

L;.f.ﬁb)] s 0_5; ' aals \'r.g‘.lw Ol 4 91 oo ;3 /Y0 rﬁ.&m Ol 45 90 ooy 0/00 SEM* P-Value**
Treatment Control 0.25 % sodium butyrate  0.50 % sodium butyrate

(o 5le) O b
Body length (cm)

70.64° 76.572 70.00° 0.95 0.0001

! Growth Hormone
2 Insulin-like Growth Factor 1

3 Short-chain fatty acids
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(e Sla) A 592

_ 102.14 104.21 102.86 0.97 0.323
chest girth (cm)

oo Sl s,

(e ) o= g5 99.79b 102.14° 100,712 0.76 0.050
Hip height (cm)

W 5l o8 &,

(’“_“ < )_ S 96.86 97.86 96.50 0.74 0.415
Wither height (cm)

- A.L.'d .

(e ) o2 20 24,54 25.39 24.39 0.38 0.157
Hip width (cm)

il

(e S o 2 29.25 30.07 29.61 0.29 0.158

Pin width (cm)

as * o cdadlome Clyigr maduw Jopd +/00 gols b opn T ol Clabloee Ol g madw doyd /YD (cobs b oy 33958] el kw0 (Al 0 ) dals Hles
S Sl ) g9 2 Oy PR ) &9 2Oy (2298 (g pyUel o il 0> )

b (e g ™ (ks Jlise
L Control treatment (basal diet): Starter diet without additives, * Basal diets containing 0.25% of protected sodium butyrate, * Basal diets containing 0.5%
of feed protected sodium butyrate, * Standard error of the mean, ** Significance level
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