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  ABSTRACT 

  The aim of this study was to determine the effect of 
different inclusion rates of microencapsulated sodium 
butyrate (M-SB) in the starter mixture (SM) on per-
formance of dairy calves. Forty female Holstein calves 
with a mean (± SD) age of 12.8 (±1.5) d were allocated 
to 1 of 4 treatments (10 calves/treatment) and fed SM 
without (M-SB-0) or with 0.3% (M-SB-0.3), 0.6% (M-
SB-0.6), or 0.9% (M-SB-0.9) of M-SB (as fed) during a 
49-d period of milk replacer feeding. The milk replacer 
was fed at 670 g/d divided into 2 equal meals. Starter 
mixture with or without M-SB was offered for ad libi-
tum consumption beginning on the first day of the trial. 
Body weight of calves was recorded weekly, whereas 
intakes of milk replacer and SM and fecal fluidity were 
recorded daily. Intake of SM decreased linearly with 
increasing M-SB inclusion rate. Average daily gain 
decreased and body weight gain tended to decrease lin-
early with increasing amounts of M-SB in SM, but feed 
efficiency was not affected. Fecal score and number of 
days with diarrhea increased cubically with increasing 
M-SB inclusion rate in SM. Under the conditions of the 
current study, supplementation of SM with M-SB had 
a negative effect on performance of calves. 
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  Short Communication 

  Butyric acid is the most potent stimulator of the ru-
men epithelium growth (Tamate et al., 1962). As its con-
centration in the rumen increases the mitosis:apoptosis 
ratio of the rumen epithelium increases, resulting in 
larger rumen papillae and a greater surface area of 
nutrient absorption (Tamate et al., 1962; Mentschel et 
al., 2001). As a result, nutritional strategies to increase 
butyric acid production in the rumen are widely used 
to speed up rumen epithelium development in newborn 
calves. This is achieved primarily by feeding calves 

starter mixtures (SM) high in starch and sugar, which 
are both fermented in the rumen, mostly to propionic 
and butyric acid (Lesmeister and Heinrichs, 2005; Khan 
et al., 2008). 

  A positive effect on rumen development can also 
be obtained by microencapsulated sodium butyrate 
(M-SB) supplementation in SM, as a means of in-
creasing the available butyric acid pool in the rumen 
(Górka et al., 2011a). Supplementation with M-SB in 
SM increased reticulorumen weight and positively af-
fected papillae length and width and, consequently, SM 
intake. Furthermore, M-SB supplementation reduced 
the number of days that calves had diarrhea in the first 
weeks of life (Górka et al., 2011a). 

  Although in previous studies, an inclusion rate of 
0.3% M-SB in SM (as fed) stimulated rumen epithe-
lium growth and had a positive effect on performance 
of calves, the optimal inclusion rate in SM is unknown. 
We hypothesize that a positive effect of M-SB supple-
mentation in SM on performance of calves, especially 
on SM intake, would increase with increasing M-SB 
inclusion rate in SM. The aim of this study was to 
determine the effect of inclusion rate of M-SB in SM on 
performance of dairy calves. 

  The trial was conducted at a commercial dairy farm 
(Top Farms Głubczyce Sp. z o.o., Nowe Gołuszowice, 
Poland) located in southern Poland between October 
and December 2012. Throughout the study period, 
calves were cared for according to the recommendation 
of the local ethical committee. 

  Forty Holstein female calves with mean (±SD) BW 
of 40.7 ± 3.5 kg and age 12.8 ± 1.5 d were used in 
the study. Before the study began, routine procedures 
for newborn calves adopted at the farm were followed. 
Briefly, after birth, calves were immediately separated 
from the dams, transported to individual hutches bed-
ded with straw and fed 3 L of colostrum within the first 
3 h of life. Colostrum feeding was continued until the 
end of 48 h, and transition milk and whole-milk feeding 
was continued until d 7 of life, followed by milk replacer 
(MR) feeding (Polmass Milk, Polmass S.A., Bydgoszcz, 
Poland). Liquid feeds were offered in amounts equal to 
5 L/d. No SM or hay was offered until calves were al-
located to the study. 
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Between d 11 and 15 of life, calves were transported 
to a ventilated barn, treated with a broad-spectrum an-
tibiotic (Zactran, Merial, Lyon, France), and allocated 
to experimental treatments. The required number of 
calves was collected over a period of 2 wk, resulting in 
3 blocks of 20, 16, and 4 calves each. Within a block, 
calves were randomly allocated to 1 of 4 treatments 
(10 calves/treatment) and fed SM without (M-SB-0) 
or with 0.3% (M-SB-0.3), 0.6% (M-SB-0.6), or 0.9% 
(M-SB-0.9) of M-SB (as fed). Only healthy calves 
were selected for the study.

Throughout the study period, calves were fed 670 g 
of MR/d (as fed). The MR was reconstituted at a rate 
of 134 g/L of water and offered in buckets at 0700 and 
1400 h at 2.5 L/feeding. Commercial calf SM (Kälber 
Starter, Blattin Sp. z o. o., Siedlec, Poland) with or 
without M-SB was offered once daily for ad libitum 
consumption, beginning on the first day of the trial. So-
dium butyrate microencapsulated within a triglyceride 
matrix (30:70 sodium butyrate: triglyceride; VetAgro, 
Reggio Emilia, Italy) was added to SM by the SM 
manufacturer and used to slow release of butyric acid 
in the rumen. During the study period, calves were kept 
in 1.5 × 1.2 m individual pens bedded with straw. Free 
access to fresh water was provided every day. Calves 
were in the study for 49 d.

Feed intake was monitored daily. Calves were weighed 
at the beginning and end of the trial and at weekly 
intervals before the morning MR feeding. Fecal fluidity 
(4-point scale, where 1 = normal; 4 = diarrhea) was 
determined daily according to Larson et al. (1977). All 
abnormal health conditions and veterinary treatments 
were documented.

Representative samples of feeds were sampled every 
other week, composited at the end of the study, and 
analyzed for DM, ash, CP, and ether extract contents 
using standard analytical procedures (methods 934.01, 
942.05, 976.05, and 2003.05 for DM, ash, CP, and 
ether extract, respectively; AOAC International, 2000). 
Neutral detergent fiber (Van Soest et al., 1991), ADL 
(Robertson and Van Soest, 1981), starch (Faisant et 
al., 1995), and sugar (Dubois et al., 1956) were also 
analyzed.

Data were analyzed as a completely randomized block 
design using the MIXED procedure of SAS (version 9.2; 
SAS Institute, 2002). The statistical model included 
fixed effects of treatment and random effect of block. 
The statistical model for repeated variables included 
effect of time (day or week) and interaction between 
effect of time and treatment as fixed effects (Littell 
et al., 1998). Optimal covariance structure (autoregres-
sive order 1, unstructured or compound symmetry) was 
chosen based on Akaike’s information criterion. For all 

analyzed parameters, initial age was used as a covari-
ate; for ADG and SM intake analyses, initial BW was 
used as a covariate. Significance was declared at P ≤ 
0.05 and tendencies at P ≤ 0.10. Data are presented as 
least squares means and corresponding standard errors 
of the means.

Chemical composition of experimental feeds is pre-
sented in Table 1. No treatment × time interaction was 
detected for any of the analyzed parameters. Calves 
from all groups had similar BW at the beginning of 
the trial (Table 2). Milk replacer intake did not differ 
between treatments. Average daily gain decreased (P 
= 0.02) and BW gain tended to decrease (P = 0.08) 
with increasing dose of M-SB in SM. During the study, 
calves from groups M-SB-0.3, M-SB-0.6, and M-SB-0.9 
gained 1.3, 3.2, and 4.7 kg less BW compared with 
calves from group M-SB-0, respectively (Figure 1A). 
The increasing inclusion rate of M-SB in SM linearly 
decreased SM intake (P < 0.01; Figure 1B). A nega-
tive effect of M-SB supplementation on SM intake was 
observed between d 1 and 24 and between 25 and 49 
of the study (linear effect, P ≤ 0.04). We detected no 
effect of M-SB supplementation on feed efficiency. Fe-
cal score tended to increase (P = 0.09) and number of 
days with diarrhea increased (P < 0.01) cubically with 
increasing M-SB inclusion rate in SM.

Positive effects on performance of calves of M-SB sup-
plementation in SM and of crystalline sodium butyrate 
in MR have been reported in earlier studies (Guilloteau 
et al., 2009; Górka et al., 2011a,b). These were mainly 
the result of the positive effect of sodium butyrate on 
gastrointestinal tract development and function, and 
consequently on efficiency of nutrient digestion and 
feed intake. In the current study, we investigated a 
dose effect of M-SB in SM on performance of calves. 
Although we hypothesized that performance of calves 
would be improved by M-SB supplementation, linear 
decreases in ADG and BW of calves with increasing 
M-SB inclusion rate in SM were observed, mainly be-
cause of the negative effect of M-SB on SM intake. This 
observation is difficult to explain. However, at least 2 
negative aspects of M-SB use in SM on performance of 
calves can be considered. First, although butyric acid 
stimulates proliferation of rumen epithelial cells, it may 
also promote keratinization of the rumen papillae (Mc-
Gavin and Morrill, 1976). This, in turn, may negatively 
affect absorption of short-chain FA from the rumen 
(Bull et al., 1965) and thus feed intake. Second, it has 
been shown that calves may be sensitive to the flavor 
of SM (Fathi et al., 2009). Inclusion of M-SB at 0.6 and 
0.9% of SM noticeably changed its smell and probably 
also its taste. Furthermore, we cannot exclude the pos-
sibility that the effect of M-SB use in SM depends on 
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