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The inclusion of organic acids in
piglet diets helps prevent
intestinal problems in the

postweaning period and improves
animal growth performance.

Butyrate has a specific role in
improving the growth performance
of weaned piglets. Butyric acid is the
main energy source for epithelial
cells in the intestine and the ileum. 

In trials with growing pigs, butyrate
not only improves animal growth
but also increases the length of ileal
microvilli and the depth of caecal
crypts on intestinal mucosa and pro-
motes peptide production, which
stimulates cell proliferation and
mitosis in the colon, ileum and
jejunum epithelium. 

Butyrate increases intestine devel-
opment in piglets and improves the
digestive and absorptive capacity of
the small intestine in pigs. 

The crypt of Lieberkühn repre-
sents proliferative compartment of
intestinal epithelium (Ki67 positive
cells). The differentiated compart-
ments are specialised cells, adapted
for food processing, and are found
on the villi in the small intestine. 

Crypts harbour slowly dividing
multipotent stem cells. The descen-
dents of these stem cells in the crypt
undergo more rapid proliferation,
and are referred to as transit ampli-
fying (TA) cells. 

During migration of these TA-
derived daughter cells to the villi 
surface, they differentiate into the
four mature epithelial lineages: 
l The absorptive enterocytes who
produce enzymes to digest sugars

and proteins. The other three lin-
eages are secretory types: 
l Goblet cells produce mucus,
thereby providing protection to the
epithelium against stress and chemi-
cal damage. 
l Enteroendocrine cells secrete a
great variety of hormones such as
secretin, serotonin, substance P and
somatostatin. 
l Paneth cells differentiate while
moving to their functional location,
(bottom of crypt). They specialise in
the secretion of antimicrobial pep-
tides and enzymes such as lysozyme
and phospholipase.

Ki-67 antigen is expressed in prolif-
erating cells but not in quiescent
cells, and it is a new nuclear prolifer-
ation marker. Ki-67 cells can be
detected by using a monoclonal anti-
body, which reacts with a prolifera-
tion marker Ki-67. 

Mytosis rate is a morphological
sign of a very short process (<1h) to
be detected, which is why the
mitotic rate is less than the Ki67

rate. A correlation between the
level of Ki67 cells (%) and pH varia-
tion can also be shown. Reduction
of pH lineary of the intestinal con-
tent increases the level of Ki67 cells,
level of replication cells.

The inclusion of butyrate in animal
nutrition has a beneficial effect on
the villi enlargement of the absorp-
tive surface and in the rate of num-
ber of villi per plica.

It may be possible to develop and
use redox potential measurements
in conjunction with pH as an early
indicator of whether fermentation is
proceeding in a normal or abnormal
course. 

Bacterial cell growth is strongly
dependent on environmental condi-
tions such as pH, redox potential
and inhibitory compounds. 

Lactobacillus changes the oxida-
tion reduction potential through its
production of metabolites such as
lactic acid.

During growth of lactobacillus,
decreasing of pH and dropping of

oxidation-reduction potential
changed the membrane permeabil-
ity, and the result showed that oxi-
dation reduction potential level of
-170 mV was preferable for the for-
mation of lactic acid. 

Protection against infection of sal-
monella and shigella also appears to
be related to high level of  volatile
acids, low pH, and low oxidation
reduction potential of the intestinal
contents.

The relationship of the normal
flora to the intestinal epithelia is a
prime example of a complex micro-
bial community associated with a
higher eukaryote. The intestinal
luminal flora produces a massive and
diverse metabolic output that varies
according to anatomical location,
nutrient composition and host
health. 

It may be more illuminating to
view the normal flora as a holistic
community rather than as a collec-
tion of semi-independent organisms
mediating ‘beneficial’ or ‘detrimen-
tal’ effects. Some results suggest a
novel mechanism by which this com-
plex community can collectively
influence key epithelial signalling
pathways. 

Metabolic products/small mole-
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Effect of protected sodium
butyrate on performance
and intestinal morphology 

Ileal Ki67 positive crypt cells
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Fig. 1. A correlation can be seen between the level of Ki67 cells (%)
and pH variation.

The crypt of Lieberkühn repre-
sents proliferative compartment
of intestinal epithelium (Ki67
positive cells). 

Table 2. Performance results of experimental animals fed with differ-
ent sources of butyrate at 1.5kg/tone of feed during four weeks.

Initial body
weight

(kg)

Final body
weight

(kg)

DWG 
(g)

DFI 
(kg)

FCR

Control 39.5 61.5 786 2.339 2.983

Butirex C4 40.5 63.8 830 2.321 2.808

Difference +2.5% +3.7% +5.6% -0.7% -5.9%
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cules produced at the eukaryotic/
prokaryotic interface may account
for some of the widely known
effects of the bacterial flora on nor-
mal intestinal function and may influ-
ence a range of eukaryotic
regulatory processes.

Lactobacilli ferment sugars to lactic
acid, which provides an acid envi-
ronment in the large bowel to pro-
tect against infection. L-lactic acid
may also enter the gut from host tis-
sues and metabolise rapidly. 

L-lactate elevation is an indicator
of lactic bacteria activity. D-lactate is
produced by bacteria in the gastro-
intestinal tract, but the mammals do
not have the enzyme to metabolise
D-lactate rapidly. 

Thus, D-lactate accumulating in
the blood generally results from sys-
temic infections or gastrointestinal
disorder being an indicator of sepsis. 

Objective

In the present study, the effects of
protected butyrate on performance
and intestinal content and morphol-
ogy of growing pigs were measured. 

The aim of the experiment was to
evaluate the effect of protected
butyrate (Butirex C4) in the intesti-

nal tract parameters and the
response on growing and feed con-
version rate. 

Special consideration for the
intestinal health and parameters to
indicate the effect of Butirex C4,
were the intestinal value of pH,
redox potential, lactobacillus popu-
lation, lactate and VFA amount and
Ki67 cells.

Material and methods

The trial was carried out in
Budapest. A total of eight pigs of
40kg body weight were used during
four weeks. There were two treat-
ments, Control group without
butyrate, and Butirex C4 (Na
butyrate protected 54%) 1.5kg/mt.

For the experimental period, the
initial and final body weight and feed
intake was measured, to evaluate
daily weight gain (DWG), daily feed
intake (DFI) and feed conversion
rate (FCR). 

At the end of the trial, all the ani-
mals were euthanised and different
samples of the intestinal tract con-
tent were taken, to measure the
intestinal pH, redox potential, VFAs,
Lactobacillus count and Ki67 cells. 

Results

No significant differences were
observed for performance parame-
ters, by the low number or repli-
cates (Table 2). Variation of final
body weight showed that the best
results were obtained with Butirex
C4, 63.8kg (Fig. 2). 

Similar results were observed for
daily weight gain (DWG) and feed
conversion rate (FCR). 

Intestinal parameters of pigs
showed differences with the inclu-
sion of butyrate. Intestinal pH at
jejune level was reduced from 5.9 in
the control group to 5.5 with
Butirex C4, and could decrease
redox potential of the gastrointesti-
nal tract (Table 3). The reason for
this change in the intestinal pH
values could be due to a variation in
the intestinal microflora.

Lactobacillus count (UFC/g) in the
ileum was significantly increased
(P<0.05) with the inclusion from 2.5

108 in the control to 2.65 109 in the
Butirex C4 protected group. This
increase in lactic acid microflora
could be the reason for the increase
of L-lactate (mM/kg) in the ileum
(P<0.05) of Butirex C4 (Table 3). 

The metabolic flux, influenced by
the productivity of lactic acid was
obviously affected by redox poten-
tial reduction in Butirex C4 samples.
Electrochemical measurement of
redox potential is a good control
parameter of fermentation
processes by the sensitivity of its
measurement.

The selective changes of micro-
flora in the small intestine and pH
reduction promote the VFA signifi-
cant increase (P<0.05) and changes
of microflora in the caecum.

The VFA concentration in the cae-
cum increases from 108mM/kg in
the control group to 142mM/kg for
Na-butyrate buffer. 

The increase of VFA is mainly due
to an increase of acetic and propi-
onic acid, significantly (P<0.05)
higher for Butirex C4 in the caecum
(Table 3). 

According to the experience of
Wang et al. (2004), changes in the
intestinal parameters of pigs fed with
Butirex C4 could induce VFA pro-
duction increasing the flow of ileal
substrate into the hindgut. 

These VFA are physiologically
active in the large intestine and

absorbed through the gut wall, pro-
viding an additional source of energy
for the host. Short-chain fatty acids
are rapidly absorbed from the large
intestine. 

The main effect of butyrate is
developed in the villi area of the
ileum by the length and the number
of villi. An increase (P<0.1) in Ki67
positive cells/crypt (cellular market
for proliferation) was observed in
the ileum, with the inclusion of
Butirex C4.

Conclusions

The results of performance parame-
ters showed more efficiency with
Butirex C4. Butirex C4 protection
allows the release of butyrate in the
small intestine to promote intestinal
development and villi growth. The
different parameters evaluated at
intestinal level showed better intesti-
nal health with the inclusion of
Butirex C4 in the diet compared
with the control diet.  

It could be concluded that, on the
basis of the performance and intesti-
nal results of the study, the action
buffer Na-butyrate had a good effect
on the global results of the pigs. n

References are available from 
the author on request
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Fig. 2. Initial and final weight (kg). Fig. 3. Feed conversion.
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Table 3. Intestinal parameters of experimental animals fed with
butyrate.

Control Butirex C4

Stomach pH 3.4 3.25

Jejune pH 5.95 5.7

Ileum pH 6.3 6.3

Redox potential (mV) - 345 - 285

L-lactate in ileum (mM/kg)** 22 b 38 a

Acetic acid in caecum (mM/kg)** 65 b 84 a

Propionic acid in caecum (mM/kg)** 31 b 41 a

Butyric acid in caecum (mM/kg) 10 14

VFA cecum (mM/kg)** 108 a 142 b

Lactobacillus ileum (UFC/g)* 2.5 108 y 2.65 109 x

Ki67 positive cells/crypt in ileum* 17 y 26 x
* P < 0.1; ** P < 0.05
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