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ABSTRACT

Promotion of microbial butyrate production in the 
reticulorumen is a widely used method for enhancing 
forestomach development in calves. Additional accel-
eration of gastrointestinal tract (GIT) development, 
both the forestomach and lower parts of the GIT (e.g., 
abomasum, intestine, and also pancreas), can be ob-
tained by dietary butyrate supplementation. For this 
purpose, different sources (e.g., butyrate salts or butyr-
ins), forms (e.g., protected or unprotected), methods 
(e.g., in liquid feed or solid feed), and periods (e.g., 
before or after weaning) of butyrate administration can 
be used. The aim of this paper was to summarize the 
knowledge in the field of butyrate supplementation in 
feeds for newborn calves in practical situations, and to 
suggest directions of future studies. It has been repeat-
edly shown that supplementation of unprotected salts 
of butyrate (primarily sodium salt) in milk replacer 
(MR) stimulates the rumen, small intestine, and pan-
creas development in calves, with a supplementation 
level equating to 0.3% of dry matter being sufficient to 
exert the desired effect on both GIT development and 
growth performance. On the other hand, the effect of 
unprotected butyrins and protected forms of butyrate 
supplementation in MR has not been extensively inves-
tigated, and few studies have documented the effect of 
butyrate addition into whole milk (WM), with those 
available focusing mainly on the growth performance 
of animals. Protected butyrate supplementation at a 
low level (0.3% of protected product in DM) in solid 
feed was shown to have a potential to enhance GIT 
development and performance of calves fed MR dur-
ing the preweaning period. Justification of this form 
of butyrate supplementation in solid feed when calves 
are fed WM or after weaning needs to be documented. 

After weaning, inclusion of unprotected butyrate salts 
in solid feed was shown to increase solid feed intake, 
but the effect on GIT development and function has 
not been determined in detail, and optimal levels of 
supplementation are also difficult to recommend based 
on available reports. Future studies should focus on 
comparing different sources (e.g., salts vs. esters), 
forms (e.g., protected vs. unprotected), and doses of 
supplemental butyrate in liquid feeds and solid feeds 
and their effect not only on the development of rumen, 
abomasum, and small intestine but also the omasum 
and large intestine. Furthermore, the most effective 
source, form, and dose of supplemental butyrate in solid 
feed depending on the liquid feed program (e.g., MR or 
WM), stage of rearing (e.g., pre- or postweaning), and 
solid composition (e.g., lack or presence of forage in the 
diet) need to be determined.
Key words: feed additive, rumen, small intestine, 
maturation

INTRODUCTION

The gastrointestinal tract (GIT) of calves is not fully 
developed at birth. In particular, the forestomach is 
underdeveloped and not prepared for solid feed diges-
tion (Heinrichs, 2005). Substantial development of the 
forestomach can be obtained even within the first 3 to 
4 wk of postnatal life (Klein et al., 1987; Quigley et al., 
1991; Heinrichs, 2005) that results in willing intake and 
efficient solid feed digestion at a very early age (Hill 
et al., 2010). However, the development of the fore-
stomach usually proceeds for at least several months 
(Bailey, 1986; Vazquez-Anon et al., 1993), and the pre-
weaning development may affect the performance and 
productivity of the animals later on (Khan et al., 2016). 
Besides the forestomach, in the first weeks of a calf 's 
life, substantial developmental changes are observed 
in other parts of the GIT, namely the abomasum and 
small intestine (Guilloteau et al., 2009a; Flaga et al., 
2011). These are apparent predominantly in the first 
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2 to 3 wk after birth, before the rumen development 
(Guilloteau et al., 2009a). Furthermore, the first few 
weeks of a calf 's life are a period of extensive pancreatic 
function development (Biernat et al., 1999; Zabielski 
et al., 1999; Zabielski et al., 2002). As opposed to the 
forestomach, the development and maturation of the 
abomasum, small intestine, and pancreas have an enor-
mous effect not only on solid feed digestion but also on 
liquid feed digestion [milk or milk replacer (MR)], a 
main source of nutrients for the newborn calf before the 
initiation of solid feed intake (Guilloteau et al., 2009b; 
Górka et al., 2011b).

Because GIT development affects feed intake, effi-
ciency of digestion, and resistance to gastrointestinal 
disorders, and thus animal growth and health, each 
method enhancing these processes is highly desirable. 
In newborn calves, as well as in ruminants in general, 
promotion of ruminal butyrate production is known to 
accelerate ruminal epithelium growth and maturation 
(Sakata and Tamate, 1978; Mentschel et al., 2001). 
Intraruminal butyrate infusion or intake of feeds high 
in starch and sugars, which promotes ruminal butyrate 
production, results in longer ruminal papillae and, like-
ly, a higher surface area for nutrient absorption (Sakata 
and Tamate, 1978; Mentschel et al., 2001; Lesmeister 
and Heinrichs, 2005). Therefore, nutritional strategies 
aiming to stimulate forestomach development in calves 
are widely used in practice (Heinrichs, 2005; Lesmeister 
and Heinrichs, 2005; Khan et al., 2016).

It has been shown in numerous studies that substan-
tial acceleration of GIT development in calves can be 
obtained by dietary butyrate supplementation (Guil-
loteau et al., 2009b; Górka et al., 2011a,b), as in pig 
neonates (Kotunia et al., 2004; Le Gall et al., 2009). 
This effect was not limited to the rumen as butyrate 
was proved to be an efficient stimulator of the develop-
ment of abomasum, small intestine, and pancreas in 
calves (Guilloteau et al., 2009b; Górka et al., 2011a, 
2014). Aforementioned reports have been applied in 
practical nutrition of newborn calves, by proposing 
commercial feed additives containing butyrate (Hill et 
al., 2011a,b, 2016). The aim of this paper was to sum-
marize the knowledge in the field of dietary butyrate 
use to promote GIT development in calves and to sug-
gest directions of future studies.

SOURCES OF BUTYRATE AND ITS IMPORTANCE 
FOR THE GIT

Butyrate is short-chain fatty acid (SCFA) and one 
of the major end products of bacterial carbohydrate 
fermentation in the forestomach and large intestine 
(Bergman, 1990). Of the 3 major SCFA produced in the 
GIT in the largest quantities (acetate, propionate, and 

butyrate), butyrate is the least abundant but behaves 
the most dynamically (Ploger et al., 2012). Depend-
ing on the diet composition, its molar proportion in 
total fermentation acids may range from 5 to over 20% 
(Ploger et al., 2012). In consequence, its production in 
the GIT can be modulated to a great extent. Butyrate 
is also naturally present in milk and dairy products 
(Guilloteau et al., 2010a) and can be supplemented in 
feed as butyrate salts (calcium, sodium, potassium, or 
magnesium) or butyrins (esters of butyrate and glyc-
erol, i.e., mono-, di-, or tributyrin; Moquet et al., 2016). 
In this paper, to simplify the text, the term “butyrate” 
will be used interchangeably for acid, anion, salt, and 
ester forms, and a particular one will be specified and 
discussed only when necessary. Furthermore, the term 
“protected” or “unprotected,” respectively, will be used 
for butyrate embedded or not embedded in the continu-
ous lipid matrix, as proposed by Moquet et al. (2016).

Intake with Milk

Prior to the rumen development, butyrate present 
in milk is the main source of this molecule for the 
newborn calf. Although free butyrate concentration in 
whole milk (WM) is relatively low (0.16 g/L in cow’s 
milk), it may be sufficient to affect GIT development 
and function (Guilloteau et al., 2010a). Furthermore, 
in newborn ruminants butyrate is released from milk 
fat in the abomasum as a result of pregastric lipase 
action (Drackley, 2008). Bovine milk fat contains 2 to 
4% of butyrate (Palmquist et al., 1993; Chilliard et al., 
2009), resulting in overall butyrate content in DM of 
WM even greater than 1%. As a result, a calf consum-
ing 8 L of milk/d (≈1 kg of DM) consumes up to 10 g of 
butyrate/d. In milk fat, butyrate is located at the third 
position of triacylglycerols, which is a place of pregastric 
lipase action (Drackley, 2008). Although the amount of 
butyrate released from milk fat in the abomasum is 
difficult to assess, it may play an important physiologi-
cal role (Drackley, 2008; Guilloteau et al., 2010a). To 
support this hypothesis, butyrate supplemented in MR 
stimulated the rumen, abomasum, small intestine, and 
pancreas development in newborn calves (Guilloteau et 
al., 2009b; Górka et al., 2011b, 2014) and its delivery 
in MR, even at a very small dose (0.3% of DM), was 
sufficient to modulate GIT secretion of gut regulatory 
peptides and hormones (Guilloteau et al., 2009b).

Production in the Rumen

Microbial fermentation of carbohydrates in the ru-
men is the most important source of butyrate for ru-
minants (Bergman, 1990). In dairy cows, depending on 
the stage of lactation and diet composition, its daily 
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production may range from 4 up to over 10 mol and 
may account for over 10% of daily SCFA production in 
the rumen (Dieho et al., 2016). Up to 90% of ruminal 
butyrate is absorbed directly from the rumen (Berg-
man, 1990) and most of this pool is metabolized by 
the ruminal epithelium (Bergman, 1990; Kristensen et 
al., 2000a; Kristensen and Harmon, 2004a). Butyrate 
has also been shown to inhibit acetate and propionate 
activation and metabolism in vitro (Ash and Baird, 
1973; Harmon et al., 1991), and its supplementation 
in the diet decreased glucose oxidation by the ruminal 
epithelia preparations (Wiese et al., 2013). As a result, 
butyrate is considered as an important energy source for 
the ruminal epithelial cells (Bergman, 1990), although 
it is metabolized by the ruminal epithelium mostly to 
ketone bodies (BHB and acetoacetate; Weigand et al., 
1972; Kristensen et al., 2000b) that does not result in 
a relevant amount of ATP formation (Kristensen and 
Harmon, 2004b).

Besides serving as an energy substrate, butyrate is 
an important stimulator and regulator of the ruminal 
epithelium growth and function (Penner et al., 2011). 
In preruminant calves, infusion of butyrate directly into 
the lumen of the developing rumen stimulated ruminal 
epithelial cells proliferation and reduced their apopto-
sis (Sakata and Tamate, 1978; Mentschel et al., 2001). 
This resulted in longer rumen papillae (Mentschel et 
al., 2001) and, in consequence, most likely a larger sur-
face area for nutrient absorption, as shown in growing 
but already ruminating or mature ruminants (Shen et 
al., 2005; Malhi et al., 2013). The stimulatory effect of 
butyrate on the ruminal epithelium growth has been 
known for years and promotion of its formation in the 
rumen, by feeding diets high in starch and sugars, is 
widely used as a means of speeding up forestomach 
development in calves (Heinrichs, 2005; Lesmeister 
and Heinrichs, 2005). Butyrate is also known to affect 
metabolic activity of the ruminal epithelium (Harmon, 
1986; Wiese et al., 2013), abundance of transcript of 
proteins mediating SCFA absorption (Malhi et al., 
2013; Dengler et al., 2015), epithelial blood flow (Storm 
et al., 2011), and rumen motility (Kendall and McLeay, 
1996). When infused directly into the rumen, butyrate 
increased efficiency of SCFA absorption from the rumen 
in growing goats (Malhi et al., 2013) and total nutrient 
digestibility in dairy cows (Huhtanen et al., 1993). In 
cows, butyrate infusion into the rumen resulted in the 
expansion of one of the most abundant rumen bacteria 
phyla (Firmicutes) and stimulated the population of 
butyrate-producing bacteria (Li et al., 2012a). It is 
believed that butyrate exerts a similar effect on the 
efficiency of nutrient digestion, absorption, and GIT 
microflora in newborn ruminants, but unambiguous 
evidence is lacking.

Besides the direct effect on the rumen, ruminal bu-
tyrate may affect the omasum, abomasum, and small 
intestine. Butyrate infusion into the rumen increased 
the amount of butyrate entering the duodenum (Górka 
et al., 2017a), and when infused into the abomasum, it 
affected the expression of various genes in the duode-
nal epithelium (Foote et al., 2017). In general, little is 
known about the role of microbial butyrate released in 
the rumen and entering the omasum, abomasum, and 
then the proximal small intestine on the structure and 
functions of those parts of the GIT. Some information 
on the effect of butyrate on abomasal mucosa can be 
extrapolated from studies in simple-stomached species. 
Accordingly, Kotunia et al. (2004) and Mazzoni et al. 
(2008) demonstrated the trophic effect of butyrate 
supplementation on the stomach mucosa and muscula-
ris in neonatal piglets, and Andoh et al. (1999) showed 
the anti-inflammatory effect on gastric mucosal cells in 
adult rats; however, possible species differences have to 
be taken into account.

Fermentation in Lower Parts of the GIT

Similarly to monogastric animals, butyrate is pro-
duced in the distal small intestine and large intestine 
in ruminants (Bergman, 1990). Its concentration in the 
digesta of the large intestine can be similar to that 
found in the rumen fluid, at least in adult ruminants 
(Li et al., 2012b). Although the importance of butyrate 
for the functions of the large intestine in ruminants has 
not been extensively investigated, it is believed to be 
similar to that known for monogastric species. To sup-
port this, a substantial amount of work is needed with 
suitable animal models.

DIETARY SUPPLEMENTATION OF BUTYRATE

In the first 1 to 2 wk of a calf’s life, solid feed intake 
is very low and rumen microflora is not fully developed. 
This results in a very low butyrate concentration in 
the yet underdeveloped rumen until regular solid feed 
intake starts and rumen microflora develops (Anderson 
et al., 1987; Flaga et al., 2015). Furthermore, due to 
economic considerations, MR are often used in the di-
ets for newborn calves, instead of WM. The former is 
known to delay the development of the GIT, mostly due 
to a lack of milk-borne bioactive components and the 
presence of antinutritional factors of plant origin in the 
calf MR (Seegraber and Morrill, 1986; Zabielski, 1998; 
Górka et al., 2011b). Additionally, in contrast to WM, 
in most cases MR contain no milk fat but plant (palm 
oil, coconut oil) or animal (lard, tallow) alternatives 
that are unlikely to contain the amount of butyrate 
required for the calf. This altogether encourages dietary 
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butyrate supplementation in the diet for newborn ru-
minants as a means of promoting GIT development. 
Nowadays, therefore, many calf MR available on the 
market are enriched with butyrate.

Sources and Forms of Dietary Butyrate

Butyrate can be supplemented as salts or butyrins. 
The main advantages of using these sources of butyr-
ate over free butyric acid is that they are more stable, 
less odorous and easier to handle in feed manufactur-
ing processes (Guilloteau et al., 2010a). However, the 
diverse sources of butyrate have different physical and 
chemical properties. Sodium butyrate, the most often 
used source of dietary butyrate due to its high avail-
ability and modest price, dissolves easily in water and 
rapidly dissociates in water solutions (Mallo et al., 
2012). As a result, dietary sodium butyrate rapidly dis-
sociates in the stomach (forestomach, abomasum) and 
is most likely completely absorbed in those parts of 
the GIT (Guilloteau et al., 2009b). On the other hand, 
calcium butyrate is much less soluble in water solutions 
compared with sodium butyrate (Mallo et al., 2012). 
Therefore, it can be expected that at least part of the 
butyrate delivered as calcium butyrate can reach the 
small intestine. Other salts (potassium, magnesium) 
are currently not used as sources of butyrate in animal 
nutrition. In turn, when delivered as mono-, di-, or tri-
butyrin, butyrate must be released from glycerol before 
it elicits its effect on the GIT. Due to pregastric lipase 
activity in newborn ruminants, at least a portion of 
the butyrate (particularly when supplemented in liquid 
feed) is expected to be cleaved from glycerol in the 
abomasum; however, most of this molecule is supposed 
to be released in the proximal small intestine, and only 
trace amounts, if any, are expected to reach the dis-
tal small intestine and large intestine (Moquet et al., 
2016). It is also worth mentioning that pregastric and 
pancreatic lipase cleave ester bonds of triacylglycerols 
at the first and third position (Doreau and Chilliard, 
1997). Consequently, at least part of the butyrate pro-
vided as di- and tributyrin is absorbed from the GIT as 
sn-2 monobutyrin (Moquet et al., 2016).

The effect of dietary butyrate supplementation can 
be modulated by butyrate protection from its release 
and utilization in the stomach (both forestomach and 
abomasum). Embedding in the continuous lipid matrix, 
often referred as microencapsulation or fat coating, is 
commonly used for this purpose (Claus et al., 2007; 
Górka et al., 2011a, 2014; Moquet et al., 2016). Veg-
etable saturated fats such as palm oil fractions are the 
most often used embedding material; however, the exact 
composition of the lipid matrix is rarely reported (Mo-

quet et al., 2016). When supplemented in unprotected 
form, butyrate is rapidly taken up by the epithelial cells 
of the proximal section of the GIT (the forestomach, 
stomach, or proximal small intestine, depending on 
method and source of delivery) and cannot be detected 
in the blood and digesta of the proximal small intestine 
(Manzanilla et al., 2006; Guilloteau et al., 2009b). On 
the other hand, when protected in the lipid matrix, 
butyrate is only partially released in the stomach as 
a result of its washout from the surface of the micro-
capsules and microbial (forestomach) and pregastric 
(abomasum) lipase action. Most of active substance 
is gradually released in the small intestine, where the 
highest and the complementarities of lipolytic activities 
are present due to the gastric, pancreatic, and intesti-
nal enzyme production (Piva et al., 2007; Guilloteau et 
al., 2009a). The remaining portion, not released in the 
stomach and small intestine, can be subjected to mi-
crobial action in the large intestine and released in this 
section of the GIT. Unfortunately, an exact location of 
active substance release along the GIT for most com-
mercial protected products is not provided (Moquet et 
al., 2016), although targeting the location of release 
is defined (e.g., mostly the small intestine or mostly 
the large intestine). This, however, may be affected by 
the age of the animal, GIT development and feed com-
position, as well as embedding material composition 
(length of fatty acid chain, degree of saturation of the 
lipid matrix), extra coating, granule size/volume ratio, 
and also the interactions between all those mentioned 
above.

Methods of Supplementation

Taking into account that in preruminants solid feed 
enters the rumen whereas liquid feed (milk or MR) 
bypasses it via the esophageal groove and enters the 
abomasum and then small intestine, butyrate supple-
mentation in solid feed or liquid feed or in both can 
be considered (Figure 1; Górka et al., 2011a). When 
supplemented in solid feed, butyrate is expected to 
predominantly affect the forestomach (rumen), whereas 
the effects of its addition into the liquid feed can be 
expected mostly in the abomasum and small intestine. 
Additionally, a positive effect of butyrate addition into 
the liquid feed on abomasum and small intestine de-
velopment and associated enhanced digestibility could 
result in higher solid feed intake and thus, in turn, 
could affect forestomach development (Górka et al., 
2011b). By contrast, faster forestomach development 
and associated higher solid feed intake when butyrate 
is supplemented in the solid feed may indirectly affect 
lower GIT parts due to the known effect of not only 
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liquid feeds but also solid feeds on the structure and 
function of the lower GIT in newborn ruminants (Guil-
loteau et al., 2009b). Therefore, butyrate addition into 
both liquid and solid feed could be recommended for 
young calves (Górka et al., 2011a, 2014).

EFFECT OF SUPPLEMENTATION IN LIQUID FEED

So far only the effect of unprotected forms of butyr-
ate supplementation in liquid feed on GIT development 
in calves has been investigated. Only one study docu-
ments the effect of protected butyrate supplementation 
in MR (Nazari et al., 2012), but in this study mainly 
the growth performance of calves was investigated and 
a very limited number of animals was used, making the 
results of low value. Furthermore, in most of studies 
conducted so far, butyrate has been supplemented in 
MR, with only one study focusing on its addition into 
the WM. The animals in this study were supplemented 
only for 23 d and mostly growth performance and feed 
intake were controlled (Davarmanesh et al., 2015). As 
already mentioned, butyrate is present in the WM 
(Palmquist et al., 1993; Chilliard et al., 2009; Guillo-
teau et al., 2010a), but its content in MR is lacking, 
or nearly lacking. Therefore, butyrate supplementation 
in MR is especially justified (Guilloteau et al., 2009b; 
Górka et al., 2011b). However, it cannot be excluded 
that fortification of WM with butyrate could also af-
fect GIT development and enhance the performance of 
calves.

Compared with unsupplemented control, unprotected 
butyrate supplementation in calf MR has been shown 
to predominantly affect small intestine and pancreas 
development and function. It increased mitotic and 
decreased apoptotic index in the jejunal epithelium 
(Guilloteau et al., 2009b; Górka et al., 2011b), and 
longer intestinal villi and thicker tunica mucosa were 
observed in the duodenum, and proximal and distal 
jejunum, but not in the middle jejunum (Guilloteau 
et al., 2009b). It is worth mentioning that the mitosis-
to-apoptosis ratio in the intestinal epithelium of calves 
fed MR with supplemental butyrate was comparable to 
that observed in calves fed WM (Górka et al., 2011b). 
Butyrate addition into MR also increased the activ-
ity of main brush border enzymes (Guilloteau et al., 
2009b; Górka et al., 2011b, 2014) and the secretion 
of pancreatic juice as well as chymotrypsin and lipase 
(Guilloteau et al., 2010b). Circadian pancreatic juice 
secretion was also modulated. Specifically, in supple-
mented animals pancreatic juice secretion was higher 
3 h after MR feeding, meaning that this secretion was 
enhanced when the digesta arrival into the small intes-
tine is at its highest (Guilloteau et al., 2010b). Greater 
serum amylase and lower serum urea was also reported 
when unprotected butyrate was supplemented in MR, 
suggesting greater pancreatic secretion and more ef-
ficient AA use in supplemented animals (Hill et al., 
2007a). Moreover, butyrate supplementation increased 
heat shock protein (HSP27 and HSP70) expression in 
the abomasal and large intestinal mucosa (Guilloteau 

Figure 1. The effects of dietary butyrate on gastrointestinal tract (GIT) development in calves. The gray/brown dotted line indicates the 
possible indirect effect of butyrate supplementation in liquid feed on forestomach development and in solid feed on abomasum and small intestine 
development. The black/green dotted line indicates the possible direct effect of butyrate supplementation in solid feed on the abomasum and 
small intestine due to incomplete butyrate utilization in the stomach (forestomach and abomasum) and its flow with digesta to the lower parts 
of the GIT, particularly when protected forms of butyrate are used in solid feed. Color version available online.
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et al., 2009b), indicating that it exerts a cytoprotective 
effect on the mucosa of those parts of the GIT. Be-
sides the effects already mentioned, butyrate enhanced 
ruminal epithelium development (Górka et al., 2011b; 
Kato et al., 2011). In terms of growth performance, 
butyrate use in MR increased average daily weight 
gain of animals in many (Hill et al., 2007b; Guilloteau 
et al., 2009b; Górka et al., 2011a, 2014) but not all 
studies (Kato et al., 2011; Araujo et al., 2015; Frieten 
et al., 2017). Butyrate supplementation in MR also 
reduced the probability of diarrhea in calves (Hill et 
al., 2007b; Górka et al., 2011a). When combined with 
medium-chain fatty acids (e.g., caprylic, capric, lauric, 
and myristic) and PUFA (e.g., linolenic), butyrate had 
a positive effect on growth performance and efficiency 
of nutrient digestion, and altered immune response 
of calves (Hill et al., 2011a,b, 2016). Taken together, 
unprotected butyrate addition into MR is expected to 
translate into more efficient nutrient digestion as well 
as better growing and healthier animals, and those ex-
pectations have been confirmed in many studies.

Among the available unprotected forms, sodium bu-
tyrate has been the most often used source of butyrate 
in MR, at least in studies published in peer-reviewed 
journals (Hill et al., 2007b; Guilloteau et al., 2009b; 
Górka et al., 2011b; Kato et al., 2011). So far, an at-
tempt to compare different sources of unprotected 
butyrate use in MR has been made in only one study 
(e.g., sodium butyrate and tributyrin; Araujo et al., 
2015). In this study, tributyrin supplementation nega-
tively affected the feed intake and growth performance 
of calves, whereas sodium butyrate supplementation 
had no effect. The results of this study proved that 
the source of dietary butyrate may determine the final 
results of its supplementation. Because sodium butyr-
ate supplemented in MR should rapidly dissociate and 
be rapidly utilized at the stomach level (Manzanilla 
et al., 2006; Guilloteau et al., 2009b), whereas at least 
a portion of butyrate delivered as tributyrin should 
flow with digesta to the duodenum (Moquet et al., 
2016), the results of the aforementioned study may 
also suggest that forms of butyrate easily available at 
the abomasum level may be superior to those ensuring 
only limited release of butyrate in this part of the GIT 
(butyrins) or protected forms of butyrate. One cannot 
exclude possible effects of glycerol from tributyrin on 
the intestine as well. Nevertheless, no strong scientific 
evidence is currently available to support the above 
statement.

Despite a clear lack of evidence as to the advantages 
of protected forms of butyrate use in MR on GIT devel-
opment and the performance of calves, protected forms 
of butyrate are used in commercial MR. Although lim-
ited, some reports seem to suggest that such a practice 

may be justified, at least in terms of the growth perfor-
mance of animals (Chester-Jones et al., 2012; Nazari et 
al., 2012). Of potential advantage, protected butyrate 
is released slowly from the lipid coat, providing the 
possibility for its more uniform distribution in the small 
and large intestine. Therefore, protected butyrate is 
more likely to affect the structure and function of the 
large intestine due to butyrate delivery to the very last 
sections of the intestine. This seems to be especially 
beneficial taking into account the high susceptibil-
ity of newborn calves to diarrhea. Independent of the 
reason of diarrhea, the large intestinal function is at 
least indirectly affected. However, unprotected butyr-
ate supplementation in MR was shown to affect also 
the large intestine, as indicated by higher heat shock 
protein expression in the large intestine epithelium in 
the supplemented animals (Guilloteau et al., 2009b). 
It seems that some indirect effects occurring thanks to 
improved digestive function in the upper gut may play 
a role.

Well-designed studies with an appropriate number 
of animals are necessary to document and justify 
protected forms of butyrate use in MR for newborn 
calves. Future studies should also focus on comparing 
different sources (e.g., salts vs. esters) and forms (e.g., 
protected vs. unprotected) of supplemental butyrate in 
MR on GIT development and growth performance of 
calves. Moreover, so far only one report is available 
that presents the effects of butyrate supplementation 
in WM. When calcium butyrate was used in WM, no 
effect on the performance of calves was detected during 
the preweaning stage of rearing, as opposed to supple-
mentation in solid feed after weaning (Davarmanesh et 
al., 2015). This lack of effect may be explained by the 
presence of butyrate in WM. Alternatively, due to the 
perfect composition of WM containing a waste number 
of biologically active substances and highly digestible 
proteins and lipids, no further increase in parameters 
above the optimal could be observed. However, the ef-
fects of different sources and forms of butyrate supple-
mentation in the WM on calf GIT development cannot 
be currently excluded, and may differ substantially 
from their effects of supplementation in MR.

EFFECT OF SUPPLEMENTATION IN SOLID FEED

The effects of both protected and unprotected 
butyrate supplementation in solid feed for newborn 
ruminants on GIT development and growth perfor-
mance have been extensively investigated (Ślusarczyk 
et al., 2010; Górka et al., 2011a, 2014; Cavini et al., 
2015). To date, however, a direct comparison of those 
2 forms of butyrate addition into solid feed for calves 
is lacking.
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Effect of Unprotected Butyrate Use

Due to rapid dissociation of unprotected butyrate 
in water solutions (Mallo et al., 2012), particularly 
sodium salt, the supplementation of such sources of bu-
tyrate in solid feed is expected to predominantly affect 
the rumen. In line with this hypothesis, unprotected 
butyrate use in concentrates increased the rumen pa-
pillae length, concentrate intake, and ADG of lambs. 
However, reticulorumen mass was lower in the supple-
mented animals compared with the control (Cavini et 
al., 2015). Furthermore, the aforementioned effect on 
GIT development and the performance of lambs was 
observed only during the preweaning phase of rearing. 
On the other hand, unprotected butyrate supplementa-
tion in concentrate for calves increased solid feed intake 
mainly after weaning, but only a trend to greater aver-
age daily weight gain was observed (Ślusarczyk et al., 
2010). Greater solid feed intake in supplemented calves 
suggests more advanced rumen development. Whether 
this was a result of butyrate action during the pre-
weaning phase of growth that translated into greater 
solid feed intake after weaning, or whether unprotected 
butyrate affects rumen development mainly after wean-
ing remains to be resolved. Such knowledge could allow 
for better optimization of unprotected butyrate use in 
solid feed by its inclusion in the diet in a period of 
its most apparent action, which could also limit any 
potential negative consequences of its intake in the diet, 
as discussed below.

Although the stimulatory effect of butyrate supple-
mentation in solid feed may affect lower parts of the 
GIT, as already discussed, such an effect has not been 
documented in detail in newborn calves, and newborn 
ruminants in general. It is also worth mentioning that 
currently only studies presenting the effect of unpro-
tected butyrate salt use in solid feed on GIT develop-
ment and the performance of ruminants are available 
in the literature, whereas no reports on butyrin supple-
mentation can be found.

Effect of Protected Butyrate Use

At least in the first weeks of a calf’s life, most of the 
butyrate supplemented in a protected form is expected 
to bypass the forestomach and abomasum and be deliv-
ered to the small intestine, where it exerts a local effect 
on the intestinal epithelium. The potential advantage of 
this form of butyrate use in solid feed is also slower and 
more sustained butyrate release in the rumen (Górka 
et al., 2011a; Kowalski et al., 2015). Indeed, protected 
butyrate supplementation in the starter diet for calves 
has been reported to enhance both forestomach and 
small intestine development. Higher reticulorumen 

mass, longer rumen papillae, and higher small intestine 
mass were observed in the animals fed a supplemented 
starter diet (Górka et al., 2011a, 2014). This method 
and form of butyrate delivery affected the mitotic and 
apoptotic index of the small intestinal epithelium, its 
architecture, and brush border enzyme activity (Górka 
et al., 2014).

Hydrogenated fats, commonly used as an embed-
ding matrix in protected products, can be an effective 
method of active substance delivery to the lower parts 
of the GIT in ruminants (Wu and Papas, 1997; Rossi 
et al., 2003). Additionally, symbiotic microflora in the 
rumen is not fully developed in the first weeks of life 
which may further limit butyrate release from the lipid 
matrix in this region of the GIT. Butyrate embedded 
in small fat microcapsules (size usually less than 1 mm) 
may be also readily transported via the reticulo-omasal 
orifice. Taken altogether, this may explain the effect 
of protected butyrate in solid feed not only on the ru-
men, but also on the small intestine. Nevertheless, the 
efficiency of butyrate protection from its release in the 
rumen of a newborn has not been shown so far in a well-
controlled study, and may depend on the composition 
of the embedding matrix, age of the animals, starter 
feed intake, and so on.

To date, a positive effect of protected butyrate use 
in solid feed on GIT development and growth perfor-
mance has been shown in newborn calves only dur-
ing the preweaning period (Górka et al., 2011a, 2014; 
Serbester et al., 2014). The preliminary results of our 
group suggest that protected butyrate has the potential 
to enhance GIT development and solid feed intake dur-
ing the preweaning period, and that this effect is much 
smaller or even diminishes after weaning, even though 
a potential positive effect on some parameters of GIT 
function was still observed, such as greater activity of 
brush border enzymes (Burakowska et al., 2017). Calves 
fed a starter mixture with protected butyrate also had 
a lower absorptive surface area in the ventral sac of 
the rumen 3 wk after weaning, as compared with the 
control (Burakowska et al., 2017). As a result, there is 
currently no justification for including protected forms 
of butyrate in solid feed after weaning, and no evidence 
that the benefits of its supplementation preweaning 
translate into the later stages of rearing.

The different results obtained according to either lack 
of butyrate protection or protection with lipid matrix, 
particularly after weaning, can be explained by the dif-
ferent availability of the butyrate to ruminal microor-
ganisms. It can be speculated that butyrate supplemen-
tation in a nonprotected form results in short-lasting 
prandial elevation of butyrate in ruminal fluid that can 
be harvested by the microorganisms, and little butyr-
ate will remain for the ruminal tissues, at least when 
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butyrate supplementation at low level is considered. 
In contrast, protection potentially warrants less sharp 
and longer lasting elevation of ruminal butyrate, which 
can be potentially better utilized by the ruminal tissues 
(Górka et al., 2011a; Kowalski et al., 2015). As such, 
protection of butyrate should improve the exposition 
of butyrate to the ruminal epithelium and thereby im-
prove its absorption (gradient- or receptor-driven, or 
both) to epithelial cells and utilization. Nevertheless, 
what has been shown to be of use in adult ruminants 
(Kowalski et al., 2015) is not necessarily true for weaned 
calves (Burakowska et al., 2017). More research is re-
quired to determine the advantages and disadvantages 
of protected butyrate supplementation in the starter 
mixtures for calves, with particular emphasis on the 
expected differences of its supplementation between 
pre- and postweaning periods.

EFFECT OF BUTYRATE SUPPLEMENTATION  
IN LIQUID AND SOLID FEED

Although butyrate supplementation in both MR and 
solid feed affects GIT development in young ruminants, 
no synergistic effects of butyrate addition into both 
MR and solid feed on GIT development and the perfor-
mance of newborn calves have been shown (Górka et al., 
2011a, 2014). Nevertheless, unprotected butyrate addi-
tion into MR reduced BW loss in calves transitioned to 
MR, whereas protected butyrate addition in the starter 
diet increased starter diet intake. Consequently, butyr-
ate supplementation in both MR (unprotected form) 
and starter (protected form) for newborn calves can be 
recommended, at least in the first month of postnatal 
life (Górka et al., 2011a, 2014).

MECHANISMS OF BUTYRATE ACTION

Supplementation in Liquid Feed

Butyrate present in milk or MR or released in the GIT 
during milk fat digestion may affect GIT development 
and function directly by serving as an energy source 
for the GIT tissues (Drackley, 2008; Guilloteau et al., 
2010a), or indirectly via the effect on the secretion of 
GIT peptides and hormones or vagal nerve stimulation 
(Guilloteau et al., 2010a). Of those 2 potential mecha-
nisms of butyrate action, the latter one (indirect effect) 
seems to be more relevant (Guilloteau et al., 2009b, 
2010a). This hypothesis is based on the generally low 
butyrate presence in milk and proven butyrate effect 
on GIT development when supplemented in MR at a 
very low level (Guilloteau et al., 2009b; Górka et al., 
2011b), which is unlikely to provide a relevant amount 

of energy for the GIT tissues. Furthermore, delivery 
in an unprotected form results is complete butyrate 
release, absorption, and metabolism at the stomach 
level, as it cannot be found in the blood and digesta of 
the proximal small intestine (Manzanilla et al., 2006; 
Guilloteau et al., 2009b).

An indirect effect is most likely induced by butyr-
ate effect on gut regulatory peptides secretion by the 
stomach and proximal intestine, or stimulation of the 
vagal nerve, or both (Guilloteau et al., 2009b, 2010b). 
However, the results of studies conducted to date have 
so far failed to determine the exact indirect mechanism 
behind the butyrate action. For example, sodium bu-
tyrate supplementation in MR had no effect or reduced 
blood concentrations of the investigated gastrointesti-
nal peptides, having a trophic effect on the GIT tissue 
growth (e.g., gastrin or cholecystokinin; Guilloteau et 
al., 2009b, 2010b). Furthermore, postprandial plasma 
insulin and growth hormone levels were lower in calves 
fed MR with supplemental butyrate (Kato et al., 2011). 
Nevertheless, it is well known that a neurohormonal 
stimulation on gut tissue level may not be reflected in 
elevated concentrations of gut regulatory peptides in 
the peripheral blood (e.g., the external jugular vein; 
Zabielski et al., 1994; Konturek et al., 2003). To support 
the indirect mode of butyrate action, and particularly 
stomach-derived mechanism, sodium butyrate infusion 
into the duodenum had a minor effect on the pancreas 
function compared with its delivery in MR (Guilloteau 
et al., 2010b) that most likely resulted in butyrate 
absorption and metabolism before entering the duode-
num. Vagally driven mechanisms that control the upper 
gastrointestinal tract, including the pancreas and duo-
denum, function from birth in neonatal calves (Biernat 
et al., 1999; Zabielski et al., 2002). On the other hand, 
enhanced small intestine and pancreas development 
that result in more efficient digestibility of nutrients at 
least partially explains faster ruminal epithelium devel-
opment in calves fed MR with supplemental butyrate 
(Górka et al., 2011b; Kato et al., 2011), simply due to 
the higher availability of nutrients for the developing 
rumen arriving from the circulation. An explanation of 
the effects of the exact mechanism of butyrate on GIT 
development in calves when this molecule is delivered 
in liquid feed remains to be clarified.

Supplementation in Solid Feed

Because butyrate is considered as an important 
energy source for the ruminal epithelial cells (Berg-
man, 1990; Wiese et al., 2013), unprotected butyrate 
supplementation in solid feed results in the provision of 
easily available energy substrate for the growing tissue. 
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Besides that, it is believed that butyrate stimulates ru-
minal epithelial cells proliferation also indirectly, via its 
effect on hormones and growth factors secretion such 
as IGF-1 or insulin (Baldwin et al., 2004; Penner et al., 
2011). This effect can be both endocrine and paracrine 
(Shen et al., 2012; Steele et al., 2012; Herrick et al., 
2017). Taking into account that even a very low level 
of butyrate supplementation affects rumen epithelium 
development and feed intake in newborn ruminants 
(e.g., 0.3% of DM; Ślusarczyk et al., 2010; Cavini et 
al., 2015), its effect on ruminal epithelium growth and 
maturation may be even more dependent on the afore-
mentioned indirect modes of action than the provision 
of energy for proliferating cells. It has also been shown 
that ruminal butyrate (and SCFA in general) increase 
induces epithelium inflammation, and that this may 
lead to increased ruminal epithelial cells repair as well 
as their proliferation (Connor et al., 2013). It is also 
worth mentioning that a rapid but short-in-duration 
increase in ruminal butyrate, expected when its unpro-
tected forms are supplemented in solid feed, was shown 
to be a more potent stimulator of ruminal epithelial 
cells proliferation than increased but sustained ruminal 
butyrate availability (Sakata and Tamate, 1978). This 
may explain the possibly more efficient use of unpro-
tected compared with protected butyrate after weaning 
and the necessity of higher dosage use to affect ruminal 
butyrate availability when its production in the rumen 
may be already quite large (see discussion below). The 
effect on rumen microbes has been discussed previously 
(see “Sources of Butyrate and Its Importance for the 
GIT”).

When supplemented in protected form, butyrate sup-
plementation in the starter diet was shown to increase 
plasma glucagon-like peptide-2 (GLP-2) in the first 2 
wk of a calf’s life. The GLP-2 is secreted by L-endocrine 
cells in the small and large intestine, notably in the 
ileum and colon (Drucker, 2002) and is a well-known 
stimulator and regulator of GIT development and 
function in mammals, particularly the small intestine 
(Burrin et al., 2003). This effect of protected butyr-
ate use, besides proving that at last partially protected 
butyrate bypasses the rumen and enters and is released 
in the intestine, translated into faster small intestine 
development and maturation. This, in turn, could be to 
some extent responsible for more willing solid feed in-
take observed in calves fed a starter diet supplemented 
with microencapsulated butyrate (Górka et al., 2011a; 
Burakowska et al., 2017). The combined, faster rumen 
development in calves fed a starter diet with protected 
butyrate, besides the direct effect of butyrate on rumen 
development, may be a result of its indirect effect via 
the stimulation of small intestine development.

Effects Independent of Method of Supplementation

Independent of method of supplementation, butyr-
ate affects histone acetylation and, in consequence, 
may affect GIT development and function by affect-
ing gene expression (Guilloteau et al., 2010a; Canani 
et al., 2011). Moreover, in monogastric species dietary 
butyrate prevented colonization of GIT by harmful 
or potentially harmful pathogens (Galfi and Bokori, 
1990; Fernández-Rubio et al., 2009). Whether its effect 
on GIT microbiota is direct or indirect (by affecting 
the overall health of the animal) is still under discus-
sion (Moquet et al., 2016); however, dietary butyrate 
supplementation in MR was shown to also decrease 
the probability of digestive upsets in calves (Hill et al., 
2007b; Górka et al., 2011a), and its possible antimicro-
bial action has been widely discussed (Drackley, 2008; 
Guilloteau et al., 2010a) also for humans (Krokowicz et 
al., 2014). The latter reference gives an elegant example 
of reducing symptoms of travelers’ diarrhea caused by 
an undefined pathogenic and conditionally pathogenic 
microbials, and supports the argument that dietary 
butyrate use prevents diarrhea.

RECOMMENDED BUTYRATE SUPPLEMENTATION

Factors Influencing the Optimal Form and Dose

At least several factors should be taken into account 
when discussing the optimal source (e.g., salts or bu-
tyrins), form (e.g., protected or unprotected) and dose 
of butyrate supplementation, such as the age of ani-
mals, lack or presence of liquid feed in the diet, amount 
and type of solid feed intake, and the proportion of 
concentrate in the diet. All of these factors may af-
fect the results of dietary butyrate use. In the majority 
of cases, more detailed studies are required for precise 
recommendations. Nevertheless, studies on prerumi-
nant calves and newborn piglets suggest that butyrate 
supplementation should be initiated as early as pos-
sible after birth for the most apparent effects (Kotunia 
et al., 2004; Guilloteau et al., 2009b; Le Gall et al., 
2009; Górka et al., 2011b), and that supplementation in 
early postnatal life may translate into the later stages 
of life (Le Gall et al., 2009). No evidence is currently 
available that this recommendation should be differ-
ent for protected or unprotected forms of butyrate or 
their different sources. On the other hand, unprotected 
butyrate supplementation in solid feeds for calves has 
been shown to increase feed intake mainly after wean-
ing (Ślusarczyk et al., 2010), as opposed to the effect of 
protected forms, most apparent before weaning (Górka 
et al., 2011a; Serbester et al., 2014; Burakowska et 
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al., 2017). However, to date the investigated levels of 
unprotected forms of butyrate used in solid feed for 
newborn calves have been higher than the levels used 
for protected forms (Ślusarczyk et al., 2010; Górka et 
al., 2011a; see discussion below), suggesting that the 
optimal level of supplementation in solid feed may dif-
fer before and after weaning. Furthermore, a high level 
of supplementation (≈3% in the dietary DM) in solid 
feed may not be recommended when a high concentrate 
diet is fed (Ślusarczyk et al., 2010) that already ensures 
high butyrate production in the rumen. In consequence, 
the feed composition and forage-to-concentrate ratio, 
or a combination of these 2, may be a very important 
factor determining the efficiency of dietary butyrate 
supplementation, particularly around weaning time 
when solid feed intake rapidly increases (Hill et al., 
2010; Khan et al., 2016).

Recommended Doses

In general, the recommended levels of supplemen-
tal butyrate in feeds for calves are low or very low. 
Unprotected butyrate use in MR at the level of 0.3% 
of DM is the most often recommended because it was 
sufficient to exert a stimulatory effect on the GIT de-
velopment and function and to improve growth perfor-
mance (Guilloteau et al., 2009b; Górka et al., 2011a; 
Table 1). However, even up to 3 times greater levels 
of supplementation were also well tolerated by calves 
(Hill et al., 2007b; Kato et al., 2011). Such a dose of 
butyrate also corresponds with its content and poten-
tial intake with WM (Palmquist et al., 1993; Chilliard 
et al., 2009). When used in solid feed, positive effects 
of unprotected butyrate on GIT development (that 
translated into better performance of animals) were 
shown, with supplemental doses ranging from 0.3 to 
over 1% of DM (Ślusarczyk et al., 2010; Ferreira and 
Bittar, 2011; Cavini et al., 2015; Table 2). A lower level 
of supplementation (0.3% of DM) was shown to have 
a positive effect on GIT development, feed intake, and 
growth performance in lambs during the preweaning 
period, but was insufficient to sustain such an effect 
after weaning (Cavini et al., 2015). On the other hand, 
unprotected butyrate supplementation in concentrate 
at the level of 0.3 and 1% (as fed) increased solid feed 
intake in calves mostly after weaning (Ślusarczyk et 
al., 2010). An inclusion rate equating to 3% of concen-
trate had no positive effect on feed intake and ADG 
(Ślusarczyk et al., 2010).

As compared with the unprotected form, recom-
mended doses of protected butyrate supplementation 
in solid feed are very low. Microencapsulated product 
use in starter diet at a level of 0.3%, which equates in 
most cases to less than 0.1% of supplemental butyrate, T
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enhanced GIT development and increased solid feed 
intake during the preweaning period in calves (Górka 
et al., 2011a, 2014; Burakowska et al., 2017). A higher 
level of supplementation (>0.3% of protected product in 
starter mixture), at least during preweaning, was shown 
to decrease starter intake and ADG of calves (Wanat 
et al., 2015). Similarly, very low levels of microencapsu-
lated butyrate are sufficient to elicit a positive effect on 
GIT structure and function and growth performance in 
poultry (Moquet et al., 2016). Furthermore, a very nar-
row boundary between the dose of microencapsulated 
butyrate that results in a positive or negative effect 
was shown (Kaczmarek et al., 2016). Nevertheless, the 
currently recommended levels of protected butyrate use 
in solid feed for growing ruminants may be too low to 
exert a positive effect after weaning (Burakowska et 
al., 2017). A wide range of unprotected butyrate use in 
the literature makes it difficult to indicate the optimal 
level of supplementation. However, based on the avail-
able literature it seems that lower before weaning, and 
higher after weaning levels of supplementation in solid 
feed could be recommended, with protected butyrate 
being more effective preweaning and unprotected bu-
tyrate postweaning. Additional research is required in 
the future to determine the optimal dose of supplemen-
tal butyrate (in combination with its source and form) 
in solid feed for optimal outcomes for producers. Higher 
doses should also be justified economically.

Potential Disadvantages of Supplementation

Besides the advantages, the potential disadvantages 
of butyrate supplementation in solid feed for calves also 
need to be mentioned. Namely, the intensive ruminal 
epithelial cells proliferation and, particularly, differ-
entiation and maturation may result in thickening of 
the stratum corneum, leading to rumen hyperkeratosis 
(Bull et al., 1965; McGavin and Morrill, 1976) and less 
efficient SCFA absorption (Bull et al., 1965). To support 
this, high molasses content in the starter mixture for 
calves (resulting in high butyrate concentration in the 
rumen) reduced starter mixture intake and negatively 
affected the performance of the animals, although lon-
ger rumen papillae in the calves fed the starter mixture 
with elevated molasses level were observed (Lesmeister 
and Heinrichs, 2005). Furthermore, when supplemented 
in a high-concentrate diet for growing lambs, butyr-
ate reduced ex vivo butyrate absorption (Wilson et 
al., 2012). Those potential negative effects of dietary 
butyrate supplementation in solid feed for calves can be 
omitted by its short-term supplementation. Specifically, 
its supplementation in solid feed for calves for 4 d was 
sufficient to stimulate ruminal epithelium growth and 
reticulorumen tissue mass, without apparent thicken-T
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ing of the stratum corneum (Figure 2). Furthermore, it 
has been shown that dietary butyrate supplementation 
results in lower cellulolytic and xylanolytic activity in 
the reticuloruminal digesta of growing sheep (Górka 
et al., 2017b), and butyrate infusion into the rumen 
reduced fiber digestion (Górka et al., 2017a). However, 
amylolytic activity in the reticulorumen was higher for 
sheep fed a diet with supplemental butyrate (Górka 
et al., 2017b) and (besides the negative effect on fiber 
digestion) ADG was increased. Taking into account 
current trends for feeding calves more liquid feeds for 
a longer period of time (e.g., 1,000 g of DM/d or more 
for a period of 8–10 wk as opposed to 400–500 g for 
4–6 wk) and feeding forage preweaning (Khan et al., 
2016), the most effective form and source of butyrate 
supplementation in solid feed, depending on the liquid 
feed program (e.g., amount and type of liquid feed of-
fered) and solid feed program (e.g., lack or presence of 
forage in the diet), may be an interesting subject for 
future studies.

It is possible to speculate that the specific taste 
or smell of butyrate may simply translate into lower 

feed intake and lower ADG of calves observed in some 
studies, both when butyrate was supplemented in MR 
and in solid feed (Araujo et al., 2015; Wanat et al., 
2015). However, in a palatability test sheep preferred 
hay treated with butyric acid (Gherardi and Black, 
1991). It can be speculated that in the aforementioned 
studies a negative effect of butyrate on feed intake by 
calves could be rather the result of its systemic effect 
on the animal. For example, in a study of Araujo et 
al. (2015), butyrins were used as a source of butyrate. 
These were at least partially absorbed from the GIT 
as sn-2 monobutyrin (Moquet et al., 2016), and this 
molecule may have a systemic effect on the organism 
(Vinolo et al., 2012). The effect of different forms of 
butyrate on satiety signals seems to be an interesting 
direction for further studies. As a result, the unpleasant 
smell of butyrate seems to be more of a problem for hu-
mans than for animals. This potential disadvantage of 
butyrate supplementation can be reduced by the use of 
its protected forms. However, when used in a protected 
form, microcapsules of the protected product may sepa-
rate from the liquid and float on the surface of the MR, 
affecting the active substance intake and efficiency of 
the feed additive. Protected forms of butyrate are also 
more expensive than nonprotected ones.

CONCLUSIONS

Dietary butyrate supplementation in both liquid feed 
and solid feed for calves can be considered as a means 
of promoting GIT development. Unprotected sodium 
butyrate supplementation in MR at a low level (0.3% 
of DM) has been repeatedly shown to stimulate GIT 
development and the function and growth performance 
of preweaned calves, and can be recommended for 
practical use. On the other hand, whether inclusion 
of other sources or forms of butyrate in MR exerts a 
desired effect on GIT development of calves is currently 
unknown, although these (particularly protected forms 
of butyrate) are used in commercial MR. A comparison 
of the effects of different sources and forms of supple-
mental butyrate use in MR on the GIT development 
and performance of calves should be a subject of future 
works to confirm their effectiveness. Protected butyrate 
addition at a low level (0.3% of protected product in 
DM) into solid feed has the potential to enhance GIT 
development of calves during the milk feeding period, 
but this effect may be not so apparent or even not in 
line with expectations postweaning. As a result, includ-
ing protected forms of butyrate in solid feed for calves 
postweaning is not currently justified. As opposed to 
protected forms of butyrate, unprotected butyrate, 
particularly sodium butyrate supplementation in solid 

Figure 2. The effect of short-term sodium butyrate supplemen-
tation in pelleted starter mixture on ruminal epithelium thickness 
in the ventral sac of the rumen [P. Górka, P. Szarek (University 
of Agriculture in Krakow), J. Flaga (University of Agriculture in 
Krakow), M. Malkiewicz (University of Agriculture in Krakow), D. 
Wojtysiak (University of Agriculture in Krakow), M. M. Goldewski 
(Warsaw University of Life Sciences), and Z. M. Kowalski, unpub-
lished]. The calves were fed pelleted starter mixture without sodium 
butyrate for 14 d (CON), pelleted starter mixture with sodium butyr-
ate (1.6% as fed) for 4 d and then CON for 10 d (BUT-4), or pel-
leted starter mixture with sodium butyrate for 14 d (BUT-14). The 
white (green) color refers to stratum basale, the gray (yellow) color to 
stratum granulosum and stratum spinosum, and the black (red) color 
to stratum corneum. Ruminal epithelium thickness was less for CON 
compared with BUT-4 and BUT-14 (P = 0.04), and stratum corneum 
was greater for BUT-14 compared with BUT-4 (P < 0.01). Color ver-
sion available online.
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feed for calves, increased solid feed intake after wean-
ing. As a result, the optimal form and source of supple-
mental butyrate may differ depending on the rearing 
stage (e.g., pre- and postweaning) and require further 
studies. It is also difficult to recommend optimal levels 
of unprotected butyrate supplementation in solid feed 
for calves due to the wide range of levels used in the 
published studies; however, a lower level of supplemen-
tation before weaning and a higher one after weaning 
seems to be a good starting point for further research. 
Knowledge on the effect of dietary butyrate supplemen-
tation on development of the omasum, abomasum, and 
large intestine still remains scarce, and the effect of its 
addition into WM on GIT development is lacking.
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