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ABSTRACT

The study was conducted to investigate the effects of betaine alone or combined with organic 
acids and inulin on ileal and total tract nutrient digestibilities and intestinal microbial fermentation 
characteristics in piglets. In total, 24 four-week-old barrows with an average initial body weight 
of 6.7 kg were used in two consecutive experiments with 12 piglets each. Betaine, organic acids 
and inulin at a level of 0.2, 0.4 and 0.2%, respectively, or combinations of these supplements were 
added to the basal diet. The supplementation of betaine, organic acids and inulin or any of their 
combinations did not affect ileal and total tract nutrient digestibilities. The microbial fermentation 
products both at the ileal and faecal level were not affected by any of the treatments. In conclusion, 
combining betaine with organic acids and inulin did not have any associated effects on the variables 
that were measured.
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INTRODUCTION

Dietary supplementation with betaine, the trimethyl derivative of the amino 
acid glycine, has recently been shown to increase microbial fermentation of  
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dietary fibre and protein in piglets (Eklund et al., 2006a,b; Ratriyanto et al., 2007).  
Improved digestion of dietary fibre has been associated with increased energy 
availability to the pig (e.g., Fang et al., 2007). In contrast, microbial fermentation 
of amino acids results in the production of several putrefactive compounds such 
as ammonia and cadaverine, which are toxic to the pig at high concentrations 
(Mosenthin et al., 1992).

Organic acids have been shown to support digesta acidification in the stomach, 
thereby increasing proteolytic enzyme activity, which subsequently may improve 
the digestibility of crude protein and amino acids in pigs (Gabert and Sauer, 1994). 
In consequence, associated with enhanced amino acid digestibility, microbial 
fermentation of undigested dietary protein is reduced (Mosenthin et al., 1992; 
Blank et al., 1999).

Furthermore, by providing sufficient fermentable carbohydrates as an energy 
source for the intestinal microbiota, fermentation of protein may be prevented 
(Houdijk, 1998). Certain dietary non-digestible oligosaccharides (NDO), such as 
inulin and fructo-oligosaccharides (FOS), are considered to be prebiotics because 
they are indigestible by intestinal host enzymes, and thus may serve as fermentable 
substrates for intestinal microflora (Houdijk et al., 2002). There is increasing 
evidence, however, that, at least in pigs, some prebiotic carbohydrates, e.g., FOS, 
are already completely fermented by the end of the terminal ileum, and are therefore 
unavailable for the microbiota distal to the ileum (Houdijk, 1998). Thus, it was 
suggested that the use of rather slowly fermentable NDO in the diet of pigs might 
have an advantage over rapidly fermentable substrates (Steer et al., 2000). 

Thus, it is hypothesized that the combined supplementation of betaine with 
organic acids and/or inulin in piglet diets may improve digestive functions due to 
different modes of actions. These include enhanced microbial fibre fermentation 
due to betaine supplementation. Moreover, supplemental organic acids may 
aid in optimizing proteolytic conditions proximal to the large intestine, thereby 
improving the digestibility of feed proteins. Finally, supplemental inulin may be 
used as a fermentable substrate by the microbiota harboured in the distal regions 
of the gastrointestinal tract, contributing to higher production of short-chain fatty 
acids (SCFA). Therefore, the objective of the study was to determine the effects of 
betaine alone or in combination with organic acids and/or inulin on ileal and total 
tract nutrient digestibilities and intestinal microbial fermentation characteristics in 
piglets.

MATERIAL AND METHODS

Animals and housing

A total of 2 consecutive experiments, each with 12 four-week-old barrows 
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(German Landrace × Piétrain) from the University of Hohenheim Research 
Station, was conducted. The average initial and final body weight (BW) of the 
pigs was 6.7 ± 1.2 and 11.2 ± 2.3 kg, respectively. The piglets were individually 
housed in stainless-steel metabolic crates (0.75 m × 1 m). The temperature in the 
research unit, which was equipped with an automatic temperature control system, 
was set at 20ºC. Each crate was equipped with an infrared heating lamp and a low 
pressure drinking nipple.

Surgical procedure

The piglets were surgically fitted with simple T-cannulas at the distal ileum 
on day 5 and day 6 after arrival, according to the principles described by Li et al. 
(1993). The cannulas were prepared from a plastisol solution (Techniplast, FH and 
Sons, Toronto, Canada) according to the procedures as outlined by Li et al. (1993). 
The experimental protocol was approved by the German Ethical Commission for 
Animal Welfare. Care of the animals used in this experiment was in accordance 
with the guidelines issued by the German regulation for care and treatment of 
animals (Lorz and Metzger, 1999).

Diets and feeding

The basal diet consisted of wheat, barley, soyabean meal, maize starch, a 
mineral and vitamin premix and titanium dioxide as a digestibility marker (Table 1). 
The diet was prepared according to NRC (1998) requirement for piglets from  
5 to 10 kg BW. The basal diet was fed alone or supplemented with 0.2% betaine, 
0.4% organic acids (blend of 35% formic acid, 35% lactic acid, 20% citric acid and  

Table 1. The basal diet, % as fed
Ingredient Content
Barley 37.6
Wheat 31.1
Soyabean meal 18.0
Maize starch 6.8
Soyabean oil 2.0
Mineral and vitamin premix1 4.0
Titanium dioxide 0.5
1 the mineral and vitamin premix supplied the following per kg diet; IU: vit. A 14400, vit. D3 1600; 
mg: vit. C 120, vit. E 160, vit. K3 2.4, vit. B1 2.56, vit. B2 5.76, vit. B6 3.2,  pantothenic acid 24, biotin 
240, choline chloride 250, Cu 140, Zn 100, Mn 75, Fe 120, Se 0.45, Co 1.8, I 3; g:  Ca 6.2, P 2.4,  
Na 1.4, Mg 1.2,  L-lysine HCl 4, DL-methionine 1.2, L-threonine 1.8, L-tryptophan 0.32; µg: vit. B12 
38.4, folic acid 1.44, nicotinic acid 32
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10% sorbic acid), or 0.2% inulin, or with any combination of these supplements. 
The basal diet was defined as the control treatment. The remaining 7 assay diets 
were referred to as betaine (BET), organic acids (AC), inulin (IN), betaine+organic 
acids (BET+AC), betaine+inulin (BET+IN), organic acids+inulin (AC+IN), 
betaine+organic acids+inulin (BET+AC+IN) treatments. The diets were fed in 
a mash form, mixed with water (1/1 w/v), twice daily at 07.00 and 19.00 h at 
a total level of 4.5% of individual BW. The BW of the pigs was determined at 
the beginning of each of the 2 experimental periods. The pigs had free access to 
water. 

Experimental procedure

After a 2- to 3-day recuperation period from surgery, the pigs were fed their 
assay diets. Each of the 2 experiments consisted of 2 experimental periods, each 
comprising 7 days for adaptation to the assay diets, 3 days for faeces collection, 
and 2 days for digesta sampling. The collection of faeces started at 07.00 h on day 
8 and continued for 72 consecutive hours using adhesive collection bags attached 
to the pigs’ anus. Faeces were collected twice daily. Ileal digesta was collected 
for 2 × 12 h, from 07.00 to 19.00 h on day 11 and from 19.00 to 07.00 h on day 
12. The collection procedure for ileal digesta was adapted from Li et al. (1993) 
using plastic tubing attached to the barrel of the cannula by elastic bands. The 
plastic tubing was changed at least every 20 min. During digesta collection, 2 ml 
of 2.5 M formic acid was added to the plastic tubing to minimize further bacterial 
fermentation in digesta, with exception for the samples for the determination of 
lactic acid and SCFA  concentrations. Digesta and faeces samples were immediately 
frozen at -30ºC. Ileal and faecal samples were pooled and mixed within animal 
and period, and were freeze-dried thereafter. Samples of diets, ileal digesta and 
faeces were milled through a 0.5 mm mesh screen prior to analyses.

Analytical procedure

Determination of dry matter (DM), crude ash (CA), crude protein (CP), ether 
extracts (EE), neutral detergent fibre (NDF), acid detergent fibre (ADF) and amino 
acids (AA) was performed according to Naumann and Bassler (1997). Amino 
acid analyses including diaminopimelic acid (DAP) and ornithine analyses were 
performed by means of ion exchange chromatography (Amino Acid Analyzer LC 
300, Eppendorf Biotronic) using post column derivatization with ninhydrin. The 
D- and L-lactic acid concentrations were determined by means of a photometric 
test kit (Boehringer, No. 1 112 821). The SCFA concentrations were measured 
by gas chromatography using 4-methyl-isovalerianic acid as internal standard. 
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Samples for SCFA analyses were prepared according to the principles described 
by Zijlstra et al. (1977). The titanium dioxide contents in feed, ileal digesta and 
faecal samples were determined according to the procedures described by Brandt 
and Allam (1987).

Statistical analyses

The study was conducted as a 2 × 2 × 2 factorial experimental design with  
2 supplemental levels of betaine (0, 0.2%), 2 levels of organic acids (0, 0.4%) and 
2 levels of inulin (0, 0.2%), and was balanced over 2 experiments, each including 2 
experimental periods. Within each of the 2 experiments, the animals were randomly 
allocated to 1 of the 8 dietary treatments in each of the 2 periods, resulting in a 
total of 6 observations per treatment. The data were subjected to mixed model 
analysis using the MIXED procedure of SAS (2003). The linear model included 
betaine, organic acids, inulin, experiment, period, and their interactions as fixed 
effects, whereas animal within experiment was considered a random effect. The 
significance level was set at P=0.05. Significant differences between treatments 
were indicated by different superscript letters using the algorithm for letter-based 
representation of all pair-wise comparisons according to Piepho (2004).

RESULTS AND DISCUSSION

All animals seemed healthy throughout the experiment and readily consumed 
their feed allowances. The analysed chemical composition of the basal diets is 
presented in Table 2.

Table 2. Nutrient composition of the basal diet, % dry matter
Nutrients Indispensable AA Dispensable AA
Dry matter 89.0 Arginine 1.01 Alanine 0.67
Crude protein 17.4 Histidine 0.40 Aspartic acid 1.52
Ether extracts   4.3 Isoleucine 0.63 Cystine 0.30
Crude ash   6.1 Leucine 1.23 Glutamic acid 3.65
NDF 10.6 Lysine 1.29 Glycine 0.69
ADF   4.3 Methionine 0.34 Proline 1.14
Ca1 0.8 Phenylalanine 0.82 Serine 0.85
P1 0.6 Threonine 0.82 Tyrosine 0.47

Valine 0.76
1 calculated values
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The supplementation of betaine alone or combined with organic acids and/or 
inulin did not affect the ileal digestibilities of DM, CP, EE, CA, NDF, ADF or AA 
(P>0.05; Tables 3 and 4). For all treatments, the ileal digestibility values averaged 
72, 78, 80, 43, 18 and -2%, for DM, CP, EE, CA, NDF and ADF, respectively. The 
average ileal AA digestibilities ranged from 68% for glycine, up to 87% for glutamic 
acid. Similar digestibility coefficients have been reported for piglets fed a diet based 
on wheat, barley and soyabean meal (Eklund et al., 2006b; Ratriyanto et al., 2007).

Table 3. Ileal dry matter and nutrient digestibilities in pigs fed on diets supplemented with betaine, 
organic acids, inulin and their combinations, %

Item
Treatments Pooled

SEMCON BET AC IN BET
+AC

BET
+IN

AC
+IN

BET+
AC+IN

Dry matter 73.0 71.2 72.5 72.1 70.8 72.0 70.6 71.1 0.95
Crude ash 43.9 41.6 44.0 43.8 41.5 41.7 42.2 41.3 1.95
Ether extracts 79.9 79.2 80.8 80.6 80.6 80.5 80.3 80.4 1.05
Crude protein 78.5 77.0 79.3 78.4 76.9 77.7 77.2 78.2 1.17
NDF 20.3 18.9 20.4 21.8 19.6 16.9 14.5 13.6 3.69
ADF   2.6   2.0   1.0   6.8  -2.2  -3.2  -5.5  -4.4 5.23
CON - control treatment; BET - betaine treatment; AC - organic acids treatment; IN - inulin treatment; 
BET+AC - betaine+organic acids treatment; BET+IN - betaine+inulin treatment; AC+IN - organic 
acids+inulin treatment; BET+AC+IN - betaine+organic acids+inulin treatment

Table 4. Ileal amino acid digestibilities in pigs fed on diets supplemented with betaine, organic acids, 
inulin and their combinations, %

Item
Treatments1

Pooled
SEMCON BET AC IN BET

+AC
BET
+IN

AC
+IN

BET+
AC+IN

Indispensable AA
arginine 85.0 83.7 85.8 84.4 83.9 84.5 83.5 84.3 0.94
histidine 80.5 79.3 82.3 80.9 79.3 80.0 79.6 80.1 1.35
isoleucine 81.5 78.9 81.9 80.5 80.0 80.6 79.0 80.7 0.98
leucine 80.1 78.3 81.2 79.7 78.7 79.0 78.4 79.3 1.38
lysine 86.3 85.2 86.9 86.4 85.5 85.7 85.4 86.1 0.85
phenylalanine 81.2 79.4 82.2 80.7 80.9 80.3 79.6 80.3 1.24
threonine 78.9 76.7 79.4 78.7 76.9 77.9 76.5 78.1 1.21
valine 78.8 76.8 80.1 78.5 77.6 78.1 77.1 78.4 1.23

Dispensable AA
alanine 73.9 71.6 75.0 73.7 72.2 72.3 71.8 73.4 1.79
aspartic acid 77.8 75.7 78.4 77.6 76.0 77.1 76.4 77.6 1.13
glutamic acid 87.3 86.1 87.7 87.4 86.3 87.1 86.4 87.0 0.84
glycine 68.4 66.6 70.5 68.6 65.3 68.6 68.4 69.8 1.86
proline 82.4 81.1 82.4 82.6 79.1 81.7 80.0 81.8 1.42
serine 78.3 76.4 78.9 78.3 76.6 77.5 76.7 77.9 1.34
tyrosine 81.1 79.0 81.5 80.4 79.3 80.0 78.9 80.1 1.19

1 explanation see Table 3
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Among individual AA, digestibility values for arginine and glutamic acid were 
relatively high, whereas those of threonine and glycine were relatively low which 
is in agreement with previous studies in piglets (Li et al., 1993). Similar to ileal 
digestibility values there were no effects of betaine, supplemented alone or provided 
in combination with organic acids and/or inulin, on total tract digestibilities of 
DM, CP, EE, CA, NDF, ADF and AA (P>0.05; Tables 5 and 6).

Recent studies in piglets revealed variable responses of dietary betaine 
supplementation on DM digestibility (Eklund et al., 2006a,b; Ratriyanto et al.,  

Table 5. Total tract dry matter and nutrient digestibilities in pigs fed on diets supplemented with 
betaine, organic acids, inulin and their combinations

Item
Treatments1

Pooled
SEMCON BET AC IN BET

+AC
BET
+IN

AC
+IN

BET+
AC+IN

Dry matter 86.5 86.1 86.2 85.9 85.8 86.1 85.5 86.1 0.44
Crude ash 57.2 59.0 55.5 57.9 58.0 56.9 58.0 56.6 1.83
Ether extracts 69.3 70.2 65.1 68.9 68.1 69.7 67.2 69.9 2.36
Crude protein 85.8 84.2 83.3 83.3 83.0 83.5 82.4 85.7 1.19
NDF 52.1 50.6 55.6 51.1 50.4 53.4 51.3 49.5 1.86
ADF 24.7 22.2 30.5 21.9 22.2 26.8 22.9 21.7 2.80
1 explanation see Table 3

Table 6. Total tract amino acid digestibilities in pigs fed on diets supplemented with betaine, organic 
acids, inulin and their combinations

Item
Treatments1

Pooled
SEMCON BET AC IN BET

+AC
BET
+IN

AC
+IN

BET+
AC+IN

Indispensable AA
arginine 90.7 89.1 88.7 88.3 87.9 88.9 87.9 90.7 0.85
histidine 88.8 87.8 87.6 86.7 86.4 87.0 86.4 89.9 0.75
isoleucine 84.8 82.7 81.4 81.7 79.8 81.3 79.6 83.5 1.26
leucine 85.3 83.9 83.0 82.9 81.9 83.1 81.9 85.4 1.10
lysine 89.1 89.3 87.0 86.4 85.8 87.0 85.5 88.7 0.96
phenylalanine 86.2 85.1 83.8 84.0 83.2 84.0 82.9 86.4 1.05
threonine 85.8 84.0 83.5 83.2 82.4 83.8 82.1 85.7 1.06
valine 84.9 82.9 82.0 81.8 80.1 82.0 80.2 84.0 1.11

Dispensable AA
alanine 78.9 75.9 74.9 74.0 72.9 75.0 72.3 78.0 1.74
aspartic acid 85.6 83.2 83.1 82.3 81.6 83.1 81.3 85.1 1.14
glutamic acid 92.8 91.7 91.5 91.0 90.8 91.4 90.5 92.7 0.59
glycine 82.6 80.7 80.1 79.7 78.5 80.3 78.5 82.3 1.15
proline 91.5 90.2 90.3 90.0 89.5 90.4 89.2 91.0 0.47
serine 86.9 85.3 85.2 85.0 84.2 85.5 84.4 87.0 0.94
tyrosine 82.9 81.3 79.5 80.3 78.7 80.4 78.6 83.1 1.56

1 explanation see Table 3
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2007). This variation may be due, at least in part, to the source of betaine used in these 
studies. For example, according to Eklund et al. (2006b), dietary supplementation 
with betaine-rich condensed molasses solubles increased ileal rather than total 
tract DM digestibility, whereas addition of betaine monohydrate to the diet did not 
improve ileal but total tract DM digestibility. In the present study, however, there 
was no effect of dietary supplementation of a liquid betaine product on either ileal 
or total tract DM digestibility (P>0.05). Furthermore, in contrast to the results of 
the present study, significantly higher, or at least a tendency towards higher, ileal 
and/or total tract digestibilities of EE, CA, AA, NDF and ADF were reported in 
piglets following dietary supplementation with betaine (Eklund et al., 2006a,b; 
Ratriyanto et al., 2007). There is speculation if these effects can be attributed to 
improvements in enzymatic digestion of nutrients, a higher absorption capacity 
of the intestinal epithelium and/or to enhanced fermentation activity of intestinal 
microflora (Eklund et al., 2006b; Ratriyanto et al., 2007). In fact, intestinal cells 
as well as microbes harbouring the digestive tract of pigs, may have a requirement 
for compatible osmolytes such as betaine (Eklund et al., 2005), as they have to 
cope with varying osmotic conditions along the digestive tract (Mongin, 1976). 
In poultry, for example, dietary betaine supplementation has shown to improve 
growth performance under stress conditions such as disturbed cell osmolarity 
(Klasing et al., 2002) or heat stress (Farooqi et al., 2005). There are claims that 
dietary betaine supplementation may compensate for stress situations such as 
sub-optimal hygienic and environmental standards (e.g., ambient temperature) in 
pig production systems (Spreeuwenberg et al., 2007). For example, Eklund et al. 
(2006a,b) obtained higher nutrient digestibilities in piglets kept at 25ºC following 
betaine addition to the diet, whereas in the present study pigs of a similar age and 
BW were kept at approximately 20ºC.

There were no effects (P>0.05) of betaine supplementation alone or combined 
with organic acids and/or inulin on the level of microbial metabolites, including 
SCFA, D- and L-lactic acid, DAP and ornithine, both at the ileal and faecal 
levels (Tables 7 and 8). D-lactic acid was not analysed in faeces due to relatively 
small concentrations compared to those in ileal digesta. These findings are in 
agreement with the observation that there were also no treatment effects on ileal 
and total tract digestibilities of NDF and ADF, indicating that supplementary 
betaine, organic acids and inulin, supplied alone or in combination, did not 
stimulate the fermentation of these dietary fibre fractions. In contrast, recent 
studies in piglets revealed higher ileal and/or total tract fibre digestibilities due to 
microbial fermentation of dietary fibre following the supplementation of betaine 
(Eklund et al., 2006a,b; Ratriyanto et al., 2007) or inulin (Böhmer et al., 2005).

The supplementation of betaine alone or combined with organic acids and/
or inulin did not affect ileal or total tract digestibilities of CP and AA, which 
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is in contrast with studies in which betaine had a positive impact both on ileal 
and total tract digestibilities (Eklund et al., 2006a,b; Ratriyanto et al., 2007). 
Higher ileal CP and AA digestibilities following betaine supplementation have 
been attributed to improvements in enzymatic digestion conditions and higher 

Table 7. Concentrations of microbial metabolites in ileal digesta of pigs fed on diets supplemented 
with betaine, organic acids, inulin and their combinations

Item2
Treatments1

Pooled
SEMCON BET AC IN BET

+AC
BET
+IN

AC
+IN

BET+
AC+IN

g/kg DM
D-lactic acid  2.5  6.0  5.0  2.8  5.8   2.7      6.6      2.1     2.45
L-lactic acid  8.8  14.7  14.1  9.8  14.7  10.3    15.8    10.5     2.79
total lactic acid  11.3  20.6  19.1  12.6  20.5  13.0    22.4    12.5     5.16

mg/kg DM
DAP  50.5  45.3  42.6  50.5  47.1  61.1    46.9    48.1     8.56
ornithine 186.8 209.1 188.2 170.3 172.9 189.9  204.4  154.2   29.59

mmol/kg DM
acetic acid 144.2 144.4 171.2 162.7 121.2 182.0  156.3  186.5   21.49
propionic acid  23.5  28.6  24.9  24.0  21.7   31.8    27.5    25.2     5.14
butyric acid  6.4  6.8  10.5  7.6  6.4    8.7    11.3      8.3     2.88
isovaleric acid  0.4  0.3  1.0  0.6  0.5     0.8      0.8      1.0     0.32
valeric acid  0.5  0.3  1.1  0.6  0.3     0.9      1.6      0.0     0.47
total SCFA 178.1 179.3 208.3 196.7 149.0 226.8  200.1  216.6   27.66

1 explanation see Table 3; 2 isobutyric acid concentrations were not detectable

Table 8. Concentrations of microbial metabolites in faeces of pigs fed on diets supplemented with 
betaine, organic acids, inulin and their combinations

Item
Treatments1

Pooled
SEMCON BET AC IN BET

+AC
BET
+IN

AC
+IN

BET+
AC+IN

L-lactic acid, g/kg DM  0.2  0.4  0.2  0.4    0.4   0.3    0.4    0.4  0.09
mg/kg DM

DAP 584.4 652.4 719.8 648.4 645.3 750.2 802.1 599.4 69.70
ornithine 128.1 183.8 187.1 173.5 207.3 195.7 248.6 163.5 33.75

mmol/kg DM
acetic acid 227.5 271.0 329.2 286.5 271.1 272.8 308.5 242.9 29.46
propionic acid  74.6 109.9 111.0  96.3  97.2  79.2  95.9   68.0 11.84
isobutyric acid  11.7  10.6  14.2  13.8  13.0  12.4  13.2    9.7   1.35
butyric acid  32.2  45.7  45.7  37.5  43.8  40.0  43.4   27.1   8.17
isovaleric acid  18.3  16.7  22.6  21.5  20.9  19.5  20.7   15.5   2.43
valeric acid  12.9  15.7  15.2  14.1  14.7  14.0  14.7   10.8   2.87
total SCFA 375.0 462.6 541.6 467.4 463.3 436.9 490.4 376.2 52.56

1 explanation see Table 3
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absorption capacity of the intestinal epithelium (Eklund et al., 2006b). On the 
other hand, disappearance of AA in the large intestine, resulting in higher total 
tract CP and AA digestibilities, has been associated with enhanced microbial 
fermentation of AA (Mosenthin and Rademacher, 2003) that are used as an energy 
source by the intestinal microbiota (Mosenthin et al., 1992). The lack of possible 
betaine effects on protein fermentation and disappearance of AA in the large 
intestine may be attributed to the fact that the CP content in the present study 
was relatively low (155 g/kg, as fed), whereas the corresponding value in the 
aforementioned study by Eklund et al. (2006b) was 210 g/kg diet (as fed).

A blend of organic acids supplemented alone or in combination with betaine 
to piglet’s diet did not affect (P>0.05) nutrient digestibilities or the concentration 
of various microbial metabolites both at the ileal and faecal level. Similarly, 
other authors failed to show any effects of dietary supplementation with organic 
acids on nutrient digestibility or microbial metabolite concentrations in the small 
intestine and colon of pigs (e.g., Øverland et al., 2008). Variable responses to 
dietary supplementation with organic acids depend on several factors, such as 
the level of inclusion or dietary buffering capacity (Gabert and Sauer, 1994). 
The buffering capacity of the basal diet used in the present study has not been 
determined, however, the CP in the basal diet amounted to 155 g/kg (as fed). In 
comparison, when pigs received a basal diet with higher levels of CP (211 g/kg, 
as fed) supplementation with formic acid resulted in higher nutrient digestibilities 
(Blank et al., 1999). Thus, the potential of organic acids may have been limited in 
the present study, as the effects of organic acids were more pronounced in diets 
with a higher CP content, resulting in higher buffering capacity (Blank et al., 
1999).

Dietary supplementation with inulin alone or in combination with betaine to a 
piglet’s diet did not affect (P>0.05) nutrient digestibilities or the concentration of 
various microbial metabolites both at the ileal and faecal level. In agreement with 
the results of the present study, other authors failed to show any beneficial effects 
of dietary inulin supplementation on nutrient digestibilities and the formation of 
microbial metabolites as well (e.g., Eberhard et al., 2007). Legume seeds and 
cereals, such as soyabean meal, lupine, wheat and barley, commonly used in feed 
formulation, already contain substantial amounts of NDO. Therefore, the potential 
effects of inulin on the variables that were measured may have been masked due 
to the presence of native NDO in the basal diet originating from soyabean meal, 
wheat and barley (Houdijk et al., 2002).
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CONCLUSIONS

The supplementation of betaine, organic acids and inulin did not affect the 
microbial fermentation of nutrients in the small and large intestine, and subsequently 
did not affect the microbial metabolite concentrations in ileal digesta and faeces. 
Combining betaine with organic acids and/or inulin did not show any associated 
effects on the variables measured.
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