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Abstract. The study was conducted to investigate the efidoggaded dietary inclusion levels
of betaine on ileal and total tract nutrient digdbties and intestinal bacterial fermentation
characteristics in piglets. A total of 8 barrowdNB.9 kg) was fitted with simple T-cannulas at the
distal ileum. The animals were randomly allocated of the 4 assay diets with 2 pigs per treatrivent
4 repeated measurement periods. The assay didéisledca basal diet based on wheat, barley and
soybean meal alone, or supplemented with a liqatdibe product at dietary levels of 1.5, 3.0, 6 6.
g betaine ki diet (as—fed). lleal digestibilities of dry mat@M) and neutral detergent fiber (NDF)
increased both quadratically and linearly (P<0.@8y ileal digestibility of glycine increased limga
as dietary betaine level increased (P<0.05). Margdhere were linear increases in the concentratio
of ileal b—lactic acid (P<0.05), indicating intensified irtieal bacterial activities as dietary betaine
level increased. At the fecal level, total traaide protein (CP) digestibility increased quadrdifica
(P<0.05), and digestibility of amino acids (AA) tlad to increase quadratically (P=0.06 to P=0.11),
except for proline (P>0.05), as dietary betaineléncreased. The increased bacterial degradafion o
CP and AA in the large intestine coincides with linear increase (P<0.05) in fecal diaminopimelic
acid concentrations, indicating enhanced intestibaadterial growth with increasing dietary betaine
levels. In most cases, there was a response iwatiebles that were measured up to 3.0 g betaine pe
kg diet, whereas increasing the betaine level fBofnto 6.0 g betaine per kg diet had no additional
effect. It can be concluded that dietary betaimawdates microbial fermentation of fiber in the dima
intestine, leaving less fermentable fiber to retEhlarge intestine and therefore, increased mialob
degradation of protein in the large intestine meguo.
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INTRODUCTION

Over the last years, considerable research hasdsend out to study the effect of
supplemental betaine on growth performance, carcasgosition and intestinal health of
pigs. Supplementation of betaine to the diet imptoweight gain and feed conversion in pigs
(Dunsheaet al., 2007; Wray-Cahert al., 2004). Improvements in growth performance of
pigs due to dietary betaine supplementation majeast in part, be attributed to improved
nutrient digestibilities (Eklunet al., 2006a, b; Xu and Y,.2000).
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Due to its osmoprotective properties, betaine srmpphtation to piglet diets has been
shown to improve digestibility of fiber (Eklunet al., 2006a, b; Ratriyantet al., 2007),
whereas the effects on CP digestibility were equavdEklundet al., 2006b). Higher fiber
digestibility following betaine supplementation hbsen attributed to increased bacterial
fermentation of dietary fiber. It has not yet bedarified, if higher ileal CP and AA
digestibilities following betaine supplementatiomnc be attributed either to improved
enzymatic digestion and a higher absorption capagitthe intestinal epithelium or to
intensified microbial degradation of protein (Ekiuet al., 2006b). Furthermore, decreased
digestibility of CP indicated intensified bacterialssimilation of CP due to betaine
supplementation (Eklunet al., 2006b). Moreover, between studies, there exissidenable
variations in the level of betaine supplementatiorpig diets, ranging between 0.02 and
0.50% (e.g. Fernandez-Figaresal., 2002; Huret al., 2007), and betaine effects between
studies were of different magnitude. Thus, the gmestudy aimed to determine the effects of
graded levels of dietary betaine supplementatioileah and total tract nutrient digestibilities
and intestinal microbial fermentation characterstn piglets.

MATERIALS AND METHODS

The experiment was carried out with 8 five-week-bltrows (German Landrace x
Piétrain). The piglets were surgically fitted walsimple T-cannula at the distal ileum on d 7
and 9 after arrival according to the principlesadiéed by Liet al. (1993), and adhesive
collection bags were attached to the pigs’ anus ciatection of feces. The pigs were
individually housed in stainless-steel metaboliates. The basal diet consisted of wheat,
barley, soybean meal, a mineral and vitamin preamnx titanium dioxide (Tig) as an
indigestible marker (Table 1). The diet was fornedato meet the nutrient requirements of
NRC (1998) for piglets from 10 to 20 kg of BW. Theuid betaine product (25% betaine
content) was added to the basal diet at the expEr=®nstarch. Four experimental diets with
graded dietary inclusion levels of betaine wereniaated:

CON : basal diet (‘Control’)

BET 0.15 : basal diet plus 0.15% betaine (0.60%ididpetaine product)
BET 0.30 : basal diet plus 0.30% betaine (1.20%ididpetaine product)
BET 0.60 : basal diet plus 0.60% betaine (2.40%ididpetaine product)

The animals were fed 2 equal meals daily at 07r@D19.00 h at a level of 4.5% of
their individual BW. The meals were offered in mdshm, and were mixed with water (1/1
w/v). The pigs had free access to water. Follovang-d adaptation to the experimental diets
after surgery, the collection of feces was initatg 07.00 h on d 8 and continued for 72
consecutive hours. lleal digesta were collecte@®frrl2 h, from 07.00 to 19.00 hon d 11 and
from 19.00 to 07.00 h on d 12 of each period. Betweach feces and digesta collection there
were 5 days adaptations to the new feed allowaftescollection procedure for ileal digesta
was adapted from lLat al. (1993) using plastic tubing attached to the basf¢he cannula by
elastic bands. The plastic tubing was changedaat kvery 20 min. During digesta collection,
2 ml 25 M formic acid was added to the samplinging in order to minimise further
bacterial fermentation in digesta, except for thegles for the determination of volatile fatty
acid (VFA) and lactate concentrations. lleal anthfesamples were pooled and mixed within
animal and period, and were freeze-dried theread®amples of diets, ileal digesta and feces
were milled through a 1.0 mm mesh screen prionayses.

Determination of DM, crude ash (CA), CP, ether &atis (EE), NDF, acid detergent
fiber (ADF) and AA was performed as outlined by Nenn and Bassler (1997). The and
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L— lactate concentrations were determined by mebagpbotometric test kit (Boehringer, No.
1 112 821). The VFA concentrations were measuregiasychromatography using 4—methyl—
iso—valerianic acid as internal standard. Sampled/FA analyses were prepared according
to the principles described by Zijlstea al. (1977). The TiQ contents in feed, ileal digesta
and fecal samples were determined according toptbeedures described by Brandt and
Allam (1987).

Initially, the following linear model for selecting repeated correlation structure was
considered: ) = + B + & + B x & + ax where y, = | measurement onkanimal in 1"
betain levelu = general term (fixed)3; = effect of |" period (fixed),5 = effect of I betaine
level (fixed), g = error associated withy (random). The errors e of repeated
measurements on the same subject (animal withiaineetievel group) are assumed to be
serially correlated. Different serial correlatianustures were fitted by the REML method as
implemented in the MIXED procedure of SAS (20030l éime best structure according to the
Akaike Information Criterion was selected. The daling models were considered foj:e
independent, independent + animal effect (compaynametry), AR(1) and AR(1) + animal
effect. Using the selected correlation structureatment effects were modeled by linear and
guadratic regression on betaine levels. The smamfie level for all Wald—type F—tests was
set ato = 0.05.

RESULTS AND DISCUSSION

lleal digestibilities of DM and NDF increased, botjuadratically (P<0.05) and
linearly (P<0.05) as dietary betaine level increlafeab. 1). The highest increase in ileal DM
and NDF digestibilities was obtained when 3.0 aqainet per kg assay diet was supplemented,
amounting to 1.9 and 11.2 percentage units for DM MDF, respectively, compared with the
control treatment. However, a further increase igtady betaine level from 3.0 to 6.0 g
betaine per kg assay diet had no additional effedteal digestibilities of DM or NDF.

Tab. 1
Effect of graded dietary levels of betaine (g'idjet, as—fed) on ileal nutrient digestibilities){%

P—value$

Dietary betaine levels Linear Quadratic
Item 0 15 3.0 6.0 effect effect
n (pigs) 2 2 2 2
Observations 8 8 7 8
Dry matter 68.9 + 0.44 70.3+0.44 70.8+0.48 69®44 0.039 0.027
Crude ash 32.3+2.59 36.2+2.59 36.9+2.74 3PH9 0.630 0.246
Ether extracts 80.8 + 0.60 81.2+0.60 82.3+0.64 82.0+0.60 0.287 0.354
Crude protein 75.5+1.07 77.4+1.07 775+1.13 6.6&1.07 0.567 0.228
NDF 11.3+2.02 18.9+2.02 22.5+2.18 15.2 +2.02 0.006 0.002
ADF 0.4 £5.36 7.3+£5.36 11.2+5.42 2.5.36 0.551 0.152

" LS mean values + SEM.
" P—values for Wald-type F—tests for treatment tiffiees.

The improvement in fiber digestibility in this studs confirmed by the results of
previous studies in piglets, according to whichabet originating from different sources
increased considerably ileal and (or) total trabFNand ADF digestibilities from 8.7 to 17.9
percentage units (Eklunet al., 2006a, b). Another study revealed a tendencyrforeased
ileal or total tract crude fiber digestibilities piglets following betaine supplementation
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ranging between 4.7 and 6.5 percentage units (Mloisest al., 2007). As pigs in general lack
fiber degrading enzymes, these results indicate libtaine has the potential to stimulate
bacterial fermentation of dietary fiber in the gasttestinal tract. It has been suggested that
intestinal bacteria may have a requirement for ctibfe osmolytes such as betaine (Eklund
et al., 2005, 2006a, b). Betaine supplementation mayhradritestinal bacteria to cope with
the various osmotic conditions in the gastrointedtiract, allowing for enhanced intestinal
bacterial fermentation of dietary fiber as dietanpplementation of graded levels of betaine
did not affect (P>0.05) ileal and total tract digasties of CA and EE. Moreover, there was
no effect of betaine supplementation on ileal CB AA digestibilities except for a linear
increase (P<0.05) in ileal digestibility of glycimes dietary betaine level increased (data not
shown).

Tab. 2
Effect of graded dietary levels of betaine (g'gjet, as—fed) on total tract amino acid digestib# (%)
P—value's
Dietary betaine levels Linear  Quadratic

Item 0 15 3.0 6.0 SEM  effect effect

n (pigs) 2 2 2 2

Observations 8 8 8 8

Indispensable AA
Arginine 91.3 92.1 93.4 92.2 0.59 0.115 0.067
Histidine 90.2 911 92.3 91.1 0.61 0.120 0.063
Isoleucine 85.1 86.2 87.7 86.2 0.86 0.240 0.108
Leucine 86.8 87.8 89.1 88.0 0.71 0.188 0.097
Lysine 89.2 90.1 914 90.1 0.67 0.181 0.076
Phenylalanine 87.8 88.6 89.7 88.7 0.63 0.200 0.104
Threonine 86.6 87.7 88.6 87.6 0.66 0.224 0.092
Valine 84.9 86.1 87.7 86.2 0.89 0.197 0.092

Dispensable AA
Alanine 80.5 82.1 83.7 82.0 0.99 0.203 0.085
Aspartic acid 86.0 87.0 88.4 87.0 0.75 0.177 0.082
Glutamic acid 93.6 94.0 94.8 93.9 0.37 0.184 0.075
Glycine 83.8 85.0 86.0 84.8 0.76 0.260 0.106
Proline 92.6 93.1 93.8 93.3 0.48 0.458 0.281
Serine 88.2 89.2 90.1 89.0 0.56 0.144 0.058
Tyrosine 85.0 86.1 87.5 86.0 0.84 0.215 0.086

" LS mean values.
" P—values for Wald—type F—tests for treatment tifiees.

In contrast to ileal digestibilities of CP and Atdtal tract CP digestibility increased
guadratically (P<0.05), and digestibility of AA td to increase quadratically (P=0.06 to
P=0.11), except for proline (P=0.28), as dietartaine level increased (Tab. 2). The highest
increase in total tract CP and AA digestibilitieasaobtained when 3.0 g betaine per kg assay
diet were supplemented, amounting to 2.3 and 3.2Zeptage units for CP and AA,
respectively, compared with the control treatmemtese results confirm previous
observations in piglets according to which betamproved total tract digestibilities of CP
and AA (Eklundet al., 2006a, b; Mosenthigt al., 2007). In pigs, AA are absorbed proximal
to the distal ileum only, whereas digestion andaplearance of AA in the large intestine
results from bacterial degradation (Mosenthin aratlétnacher, 2003; Sauer and Ozimek,
1986). Therefore, the present data indicate, tetgie stimulates the bacterial degradation of
CP and AA in the large intestine. Accordingly, thewere linear increases in the
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concentrations of ileab—lactic acid and of fecal diaminopimelic acid (F3%), indicating
intensified intestinal bacterial activities as digt betaine level increased. Moreover, the
results of this study revealed that betaine supgleation improved ileal but not total tract
NDF digestibility. It remains still speculative, \wever, if due to the lower amount of NDF
reaching the large intestine bacteria might havised AA as source of energy, thereby
stimulating breakdown and disappearance of AA ggeasted by Eklundt al. (2006b).

CONCLUSIONS

In conclusion, bacterial fermentation of dietadyedi in the small intestine rather than
in the large intestine increased as dietary betawve increased. On the other hand, bacterial
degradation of CP and AA in the large intestinereased as the dietary betaine level
increased. Changes in bacterial metabolite coraigortis and bacterial marker levels, both in
ileal digesta and in feces, indicate a shift in¢cbmposition of the bacterial community due to
dietary betaine supplementation.
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