
APPLIED AND ENVIRONMENTAL MICROBIOLOGY,
0099-2240/00/$04.0010

Aug. 2000, p. 3290–3296 Vol. 66, No. 8

Copyright © 2000, American Society for Microbiology. All Rights Reserved.

Changes in Bacterial Community Structure in the Colon of Pigs
Fed Different Experimental Diets and after Infection

with Brachyspira hyodysenteriae
THOMAS D. LESER,1* RIKKE HVID LINDECRONA,1 TIM K. JENSEN,1 BENT B. JENSEN,2

AND KRISTIAN MØLLER1

Danish Veterinary Laboratory, DK-1790 Copenhagen V,1 and Danish Institute of Agricultural Sciences,
Research Centre Foulum, DK-8830 Tjele,2 Denmark

Received 14 February 2000/Accepted 30 May 2000

Bacterial communities in the large intestines of pigs were compared using terminal restriction fragment
length polymorphism (T-RFLP) analysis targeting the 16S ribosomal DNA. The pigs were fed different
experimental diets based on either modified standard feed or cooked rice supplemented with dietary fibers.
After feeding of the animals with the experimental diets for 2 weeks, differences in the bacterial community
structure in the spiral colon were detected in the form of different profiles of terminal restriction fragments
(T-RFs). Some of the T-RFs were universally distributed, i.e., they were found in all samples, while others
varied in distribution and were related to specific diets. The reproducibility of the T-RFLP profiles between
individual animals within the diet groups was high. In the control group, the profiles remained unchanged
throughout the experiment and were similar between two independent but identical experiments. When the
animals were experimentally infected with Brachyspira hyodysenteriae, causing swine dysentery, many of the
T-RFs fluctuated, suggesting a destabilization of the microbial community.

The gastrointestinal tract of pigs is densely populated with
bacteria, and the intestinal microbiota has important influence
on animal health and growth performance. The lumenal con-
tents of the colon support between 1010 and 1011 culturable
bacteria per g (wet weight) (1, 6, 21). The majority of the
culturable bacteria in the pig colon are gram-positive, strict
anaerobic streptococci, lactobacilli, eubacteria, clostridia, and
peptostreptococci (21, 27, 28). The gram-negative organisms
comprise about 10% of the total culturable bacteria. Most
isolates belong to the Bacteroides and Prevotella groups (27).
The gastrointestinal tract bacterial community structure is sus-
ceptible to changes in the diet of the animal. For example, the
bacterial community will adapt to the introduction of high
levels of dietary fibers by increased growth of bacteria with
cellulolytic and xylanolytic activities (8, 21, 32). Other dietary
treatments that are known to affect the intestinal bacterial
community are the addition of organic acids to the feed (25)
and prefermentation of commercial dry feeds (26). However,
the effects of these treatments on the structure of the bacterial
community are unknown. Pathogenic bacteria and bacteria
that are part of the indigenous microbiota in the pig intestine
may interact. Resistance to colonization by pathogens is well
known (4), while synergistic relations with one or more indig-
enous intestinal bacterial species are a prerequisite for the
pathogenicity of Brachyspira hyodysenteriae (34) and Lawsonia
intracellularis (16). Both species cause severe intestinal disor-
ders. On the other hand, it has been shown previously that the
onset of swine dysentery causes a dramatic disturbance of the
intestinal bacterial community (24). All these studies are based
on culturing of the bacteria. However, comparisons with direct
microscopic counts have shown that only part of the intestinal
bacteria can be accounted for by colony counting (27, 28).
Moreover, in most studies the phenotypic characterization of

the bacterial isolates is left at the genus level or even higher
taxonomic levels, resulting in an inadequate description of the
bacterial community that can detect only profound changes.

The coherent phylogeny of the bacteria based on small sub-
unit (16S) rRNA sequence analysis (35) and the implementa-
tion of molecular methods have provided microbial ecologists
with a set of tools for analyzing and a framework for under-
standing complex microbial communities. This rRNA ap-
proach is based on the direct analysis of the rRNA or the genes
coding for it (rDNA) after an initial PCR amplification with
universal primers. Sequence analysis of libraries of cloned
rDNA from various environments including the pig intestine
has demonstrated a species richness undetectable by culturing
methods (23). Even in a well-studied microbial system such as
human feces, a so-far-unknown bacterial diversity was discov-
ered when molecular methods were applied (12, 30). However,
the cloning-sequencing procedure is time-consuming and may
limit the number of samples that can be processed. Alterna-
tively, gel-based typing methods such as terminal restriction
fragment length polymorphism (T-RFLP) analysis can be used
for fingerprinting or profiling microbial communities. The T-
RFLP method, originally developed for the identification of
bacteria (3), has been implemented for the characterization of
microbial diversity in various environments (7, 14, 15, 19).
Here we report on the use of T-RFLP to characterize and
compare the bacterial communities in the colons of pigs fed
different experimental diets and after infection with B. hyodys-
enteriae, the agent of swine dysentery.

MATERIALS AND METHODS

Animals. One hundred twelve healthy pigs (Danish Landrace/Yorkshire 3
Duroc) with an average weight of 23.5 kg (range, 18 to 29.3 kg) were purchased
from a high-health herd, free of B. hyodysenteriae.

The animals were negative for swine dysentery as determined by bacteriolog-
ical culture. The animals were divided into groups and were housed in separate
pens with raised mesh floors.

Diets. The composition of the diets for the different groups is shown in Table
1. All diets were supplemented with the essential vitamins and minerals. The pigs
were fed twice daily. The fermented liquid feed was prepared in an 80-liter closed
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tank with continuous stirring as previously described (17). A standard Danish pig
diet (wheat, 33%; barley, 33%; soybeans, 11%; fish meal, 11%) was mixed with
water at a ratio of 2.75/1 (wt/wt). The feed was allowed to preferment 4 to 5 days
before the onset of the experiment. At feeding, 18.75 liters of the content was
removed from the tank. The rice diets were prepared by mixing parboiled rice
with water at a 1:1 (vol/vol) ratio and boiling the mixture in an autoclave at 121°C
for 20 min. After cooling, the rice was thoroughly mixed with the remaining
ingredients. The rice diets were stored at 220°C and thawed before they were fed
to the pigs.

Sampling from pigs. Two independent but identical experiments were done.
At the beginning of each experiment, the pigs were divided into seven groups,
each group having eight pigs. The animal groups were each fed one of the
experimental diets. After 2 weeks, two pigs in each group were sacrificed. Each
animal was autopsied immediately, and a 10-cm section of the intestine from the
top of the spiral colon was tied off and stored at 280°C until further processing.
The remaining pigs were experimentally infected with B. hyodysenteriae, as pre-
viously described (10), except in the control group (K). Four weeks after infec-
tion, two pigs from each diet group were killed and sampled. The remaining pigs
were killed and sampled another 2 weeks later or earlier if severe symptoms of
dysentery developed. Monitoring of swine dysentery was done by feces scoring:
11, watery mucoid and blood-tinged feces to semiliquid mucoid feces; 1,
semisolid feces.

Extraction and purification of DNA. For DNA extraction, 200 mg of intestinal
content was suspended in 600 ml of phosphate-buffered saline. The samples were
kept on ice throughout the procedure. The samples were vortexed thoroughly
and then centrifuged for 2 min at 200 3 g in a microcentrifuge. The supernatant
was transferred to a new microcentrifuge tube and centrifuged at 12,000 3 g for
5 min. The supernatant was discarded, and the pellet was resuspended in 570 ml
of TE (10 mM Tris-HCl, 1 mM EDTA, pH 8.0). The suspension was transferred
to 2-ml screw-cap tubes to which 350 to 400 mg of 100-mm zirconia-silica beads
(Biospec Products Inc., Bartlesville, Okla.) and 30 ml of 10% sodium dodecyl
sulfate had been added, and the bacterial cells were lysed by being shaken for 4
min on a minibead beater (Biospec Products Inc.) on high speed. After a brief
spin in a microcentrifuge, the samples were transferred to a microcentrifuge tube
and the DNA was purified by the cetyltrimethylammonium bromide method (2).
DNA was finally dissolved in 50 ml of TE and stored at 221°C.

The DNA concentrations were measured on a GeneQuant RNA-DNA calcu-
lator (Pharmacia LKB Biochrom Ltd., Cambridge, United Kingdom) and ad-
justed to a concentration of 5 mg of DNA ml21 before the PCR.

PCR conditions. Four replicate 50-ml PCR mixtures were made from each
sample on a PTC-200 thermal cycler (MJ Research, Watertown, Mass.). Reac-
tion conditions were as follows: 5 ml PCR buffer (HT Biotechnology Ltd., Cam-
bridge, United Kingdom); 200 mM (each) deoxynucleoside triphosphates, 0.1
mM forward primer S-D-Bact-0008-a-S-20 (59-AGAGTTTGATCMTGGCTCA
G-39), 0.1 mM reverse primer S-D-Bact-0926-a-A-20 (59-CCGTCAATTCCTTT
RAGTTT-39), and 1.25 U of DNA polymerase (SuperTaq; HT Biotechnology
Ltd.) in a 50-ml reaction. Primer S-D-Bact-0008-a-S-20 was 59 FAM (carboxy-
fluorescein-N-hydroxysuccinimide ester-dimethyl sulfoxide) labeled. Two-micro-
liter aliquots of extracted DNA (5 mg ml21) were amplified. PCR cycling con-
sisted of an initial denaturation at 94°C for 6 min; followed by 30 cycles of
denaturation at 94°C for 30 s, annealing at 57°C for 45 s, and extension at 72°C
for 2 min; and a final extension at 72°C for 3 min. Amplified DNA was verified
by electrophoresis on 1.5% agarose gels.

Restriction digests. The fluorescently labeled PCR products were purified on
QIAquick PCR purification kit columns (Qiagen GmbH, Hilden, Germany) and
eluted in a final volume of 50 ml of double-distilled water. The concentrations of
the purified PCR products were measured, and 200 ng of purified PCR products
was digested overnight at 37°C with 20 U of CfoI (Boehringer, Mannheim,
Germany) in 20-ml reaction mixtures.

T-RFLP analysis. The fluorescently labeled terminal restriction fragments
(T-RFs) were analyzed by electrophoresis on an automatic sequence analyzer

(ABI PRISM 373 DNA Sequencer; PE Biosystems, Foster City, Calif.) in Gene-
Scan mode. Aliquots (2 ml) of T-RFs were mixed with 2 ml of deionized form-
amide, 0.4 ml of loading buffer (PE Biosystems), and 0.6 ml of DNA fragment
length standard. The standard size marker was a 1:1 mixture of the size standards
GS-500 ROX and GS-1000 ROX (PE Biosystems). The T-RF mixture was
denatured at 94°C for 2 min and chilled on ice prior to electrophoresis. Five-
microliter aliquots of the mixture were loaded on a 36-cm, 6% denaturing
polyacrylamide gel. Electrophoresis settings were 2,500 V and 40 mA for 10 h,
using the B filter set.

Data analysis. After electrophoresis, the lengths of the T-RFs were deter-
mined by comparison with the internal size standard using GeneScan software
(PE Biosystems).

For pairwise comparisons of the profiles, Dice coefficients (SD) were calcu-
lated as

2nAB

nA 1 nB

where nAB is the number of bands common for samples A and B, nA is the total
number of bands in sample A, and nB is the total number of bands in sample B.

RESULTS

T-RFs were determined in the range of 30 to 674 bp, which
was the range of the size marker that could be determined
reliably under the applied electrophoresis conditions (Fig. 1).

Due to inadequate automatic peak calling by the GeneScan
software, peaks were determined manually. T-RFLP profiles
from replicate samples (in each group: two animals, same
sampling day) were aligned, and only those peaks occurring in
both profiles were included in the analysis. The Dice coeffi-
cients for pairwise comparisons of the T-RFLP profiles within
the diet groups averaged 0.974 before the infection (Table 2);
thus, the variation between replicate animals was small. The
size of the peaks was ignored during peak calling, and frag-
ments were determined to be either present or not. The frag-
ments included in the analysis are shown in Fig. 2.

A total of 77 fragments were included in the analysis. In the
control group (K), 42 fragments were detected; in the B group,
38 fragments were; in the C group, 50 fragments were; in the
D group, 47 fragments were; in the E group, 54 fragments
were; in the F group, 47 fragments were; and in the G group,
54 fragments were.

The mean of the Dice coefficients for pairwise comparisons
of all the samples from the control group (K) was 0.959 (n 5
8; sampled after 2 and 4 weeks of feeding in two identical
experiments), indicating highly similar microbial communities
in all the control animals irrespective of the sampling day and
the experiment.

Nineteen fragments had a universal distribution, i.e., they
were found in all the diet groups (Fig. 2).

Effects of the different diets on the intestinal bacterial com-
munity could be seen after 2 weeks. The Dice coefficients for
pairwise comparisons of the T-RFLP profiles prior to infection
are shown in Table 2. The control group (standard diet; K) had
moderate coefficients (0.625 to 0.636) for the animals fed the
cooked rice diet (group B) and the rice diets supplemented
with either resistant starch (RS; group C) or high concentra-
tions of total nonstarch polysaccharides (NSP) but low soluble
NSP (l-sNSP; group D). The coefficient was somewhat higher
between the control group and the group receiving a rice-based
diet with high sNSP supplement (group E; 0.729) or the group
that was fed the fermented standard feed (group F; 0.719). The
control group had the highest Dice coefficient for the animals
that got the standard diet with lactic acid supplement (group
G). All the rice groups had high Dice coefficients for each
other, but the highest coefficients were found among the rice
groups with RS or dietary fiber supplement (0.833 to 0.846).
The fermented feed group (F) differed most from the rice
groups with RS (group C; 0.557), or low sNSP (group D;

TABLE 1. Composition of the experimental diets

Diet Composition

Content (% [wt/wt])

RS Total
NSP sNSP

K Wheat (33%), barley (33%), soybeans
(11%), fish meal (11%)

20 5

B CPa 2 1.2
C CP and 10% potato starch 10 2 1.2
D CP and 20% wheat bran 10 1.2
E CP and 12% sugar beet pulp 10 6.2
F Fermented liquid diet K (pH 4) —b —b

G Diet K with 2% lactic acid (pH 4) 20 5

a CP, cooked rice and animal protein.
b —, unknown due to microbial fermentation.

VOL. 66, 2000 CHANGES IN BACTERIAL COMMUNITY STRUCTURE 3291



0.559), while the coefficient between this group and both the
group fed unsupplemented cooked rice (group B; 0.659) and
the group fed cooked rice with high sNSP (group E; 0.653) was
moderate. The coefficient between the F group and the group
fed a standard diet with lactic acid supplement was moderate
(group G; 0.733).

Among the variable fragments, five patterns of distribution
could be recognized (Fig. 2). Four fragments (38, 59, 60, and
151 bp) were found only in animals receiving a rice-based diet
(groups B, C, D, and E). Two fragments (216 and 457 bp) were
found in the animals fed the cooked rice plus potato starch or
dietary fibers (groups C, D, and E), and five fragments (282,
283, 284, 355, and 450 bp) were found in these groups plus the
group receiving the standard diet supplemented with lactic
acid (groups C, D, and E plus G). Five fragments (100, 102,
104, 181, and 538 bp) were found in the standard diet group

(K) plus groups E, F, and G. Four fragments (280, 281, 533,
and 593 bp) were present in pigs from all groups except those
fed cooked rice and fed fermented feed (groups K plus C, D,
and E plus G). Four fragments (179, 264, 410, and 430 bp)
were found exclusively in diet group F.

The fragments of 102 and 104 bp match the size of the
theoretical T-RFs of all species in the Prevotella genus derived
from the Ribosomal Database Project, alignment version 7.1
(http://www.cme.msu.edu/rdp/html/analyses.html). The only
other bacteria in the database matching these terminal frag-
ment sizes are Bacteroides fragilis, Bacteroides uniformis, and
Bacteroides ovatus. Thus, it is reasonable to conclude that the
absence of these two fragments in the B, C, and D groups
implies that no prevotellas could be detected in the animals fed
the cooked rice diet or the cooked rice diets with the potato
starch or wheat bran supplement.

The remaining fragments were distributed in a more scat-
tered fashion, with no systematic trends relating to the diet
groups.

Following the infection with B. hyodysenteriae, severe clinical
signs of swine dysentery with mucoid to mucohemorrhagic
feces were found in all diet groups, except in the uninfected
control group and the group receiving the fermented diet
(group F).

With the onset of swine dysentery, the microbial communi-
ties in the colon destabilized. Thirty-nine fragments disap-
peared from one or more diet groups where they had previ-
ously been detected, while 18 fragments appeared in groups
where they had not been detected before the infection (Table
2). Nine fragments both disappeared in some groups and ap-
peared for the first time in others. The mean of the Dice
coefficients for pairwise comparisons of the T-RFLP profiles

FIG. 1. T-RFLP profiles from the colon lumenal contents of two pigs in the control group from experiment 1. K-31 was sampled after the animals had been fed
the standard diet for 2 weeks; K-19 was sampled 4 weeks later. Thirty-nine peaks were detected in the K-31 sample (solid fill); 41 peaks were detected in the K-19
sample. The Dice coefficient of the two samples was 0.975.

TABLE 2. Dice coefficients for pairwise comparisons of T-RFs
from colons of pigs fed experimental diets before

experimental infection

Diet
Coefficient

within
group

Coefficient between diet groupsa

K B C D E F

B 0.988 0.625
C 0.967 0.630 0.750
D —b 0.636 0.714 0.833
E 0.990 0.729 0.761 0.846 0.840
F 0.964 0.719 0.659 0.557 0.559 0.653
G 0.974 0.813 0.609 0.731 0.700 0.815 0.733

a Refer to Table 1 for definitions of the diets.
b —, not determined; only one sample available.
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decreased from 0.977 (standard error of the mean 5 0.005)
before the infection to 0.822 (standard error of the mean 5
0.043) after the infection in the groups showing clinical signs.
No changes occurred in the F group, and the similarity re-
mained high after the infection (SD 5 1.000).

Small peaks of 666 bp, corresponding to the size of the
fragment characteristic of B. hyodysenteriae, were seen in all
groups including the control group and were found randomly
on all sampling days.

DISCUSSION

The susceptibility of the bacterial community in the colon of
pigs to animal dietary changes and infection with an intestinal
pathogen was investigated. The experimental diets were cho-

sen in an attempt to minimize the frequency of clinical infec-
tions with B. hyodysenteriae. Diets based on cooked white rice
have been shown to protect pigs against swine dysentery,
whereas increasing amounts of dietary fibers compound the
incidents of swine dysentery (22, 29). A proposed mechanism is
that the amount of fermentable substrate in the large intestine
affects components of the intestinal microbiota that are syner-
gistic with B. hyodysenteriae (8). Fermented feed and feed
supplemented with organic acid were also included, as these
treatments may also reduce the incidence of swine dysentery.

We used the T-RFLP analysis to characterize the bacterial
community in the colon of the pigs. T-RFLP is a sensitive
method for demonstrating differences between microbial com-
munities in location and time (7, 14, 15, 19). The enzymatic

FIG. 2. T-RFs included in the analysis. The sizes of the fragments are in base pairs. Refer to Table 1 for an explanation of the diets (K to G). Solid squares show
fragments that were present in samples from the diet groups after 2 weeks of feeding the experimental diets to the animals and before the infection with B.
hyodysenteriae. Arrows pointing downward in the “2” column indicate that the fragment disappeared in one or more diet groups after infection. Arrows pointing upward
in the “1” column indicate fragments that were first detected in a new diet group after the infection.
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digestion of amplified, 59-fluorescently labeled community 16S
rDNA produces T-RFs that vary in length due to restriction
site polymorphism and insertions or deletions (5). Microbial
communities with different species compositions produce dif-
ferent and characteristic T-RFLP profiles. Each peak of the
profile may originate from a single species or from a group of
species sharing a common location of the restriction site. Thus,
interpretation of the profiles, in terms of which bacterial spe-
cies may be present in the community, is often ambiguous.
T-RFLP has proven more powerful than denaturing gradient
gel electrophoresis due to its greater sensitivity, which facili-
tates the detection of more and smaller populations (15, 19).

Only one set of PCR primers and one restriction enzyme
were used for the analysis. The primer-enzyme combination
that produced the largest number of unique T-RFs based on
computer simulations of the sequences in the Ribosomal Da-
tabase Project small-subunit database was selected (14). Clem-
ent and colleagues (7) recommend the use of several restric-
tion enzyme digests to increase the information derived from
the community. However, as the CfoI digestion resulted in a
large number of T-RFs, which provided sufficient resolution to
demonstrate differences in the microbial communities between
the diet groups, only this enzyme was used in the analysis.

Four replicate amplification reactions were combined to
provide enough rDNA for the analysis. Another advantage of
combining multiple PCRs is to reduce the significance of pos-
sible tube-to-tube variation of individual amplification reac-
tions. The PCR was run for 30 cycles to produce sufficient
T-RFs for detection. Thirty cycles of amplification may intro-
duce a bias toward certain 16S rDNA types; however, Suzuki
and Giovannoni (31) state that this bias is likely to be small
from samples of highly diverse templates. Moreover, Zoeten-
dal and coworkers (36) did not find any differences in band
patterns after 20 or 35 cycles of amplification when applying
temperature gradient gel electrophoresis to environmental
samples. The size of the peaks was ignored in the analysis
because a proportionality between bacterial abundance in the
sample community and the size of the peak in the complex
profile remains to be documented.

The total number of T-RFs included in the analysis was 77,
and the highest number of T-RFs in a single diet group was 54.
The culturable bacterial community in the human colon has
been estimated to be composed of 400 to 500 phenotypes (20),
although this diversity has never been confirmed by actually
culturing all those species. Thus, assuming that the pig intes-
tinal microbiota is made up of an equally large number of
species, the T-RFLP grossly underestimated the species rich-
ness in our samples. Underestimation of the diversity may
result from preferential amplification of certain 16S rDNA
species or from multiple rDNA species competing during am-
plification, causing insufficient amplification of the minority
rDNAs for detection (13). However, the most significant factor
is probably the identity of T-RFs from different bacterial spe-
cies. Computer simulations have shown that dispersed phylo-
genetic groups of bacteria may produce T-RFs of identical size
and that this reduces the resolution of the T-RFLP analysis
from the level of species to that of higher-order groups (14).
Consequently, the number of T-RFs in a profile is not a mea-
sure of the species richness in the community.

A small 666-bp peak was seen in many of the samples. This
peak matches the size of the B. hyodysenteriae T-RF. However,
since this fragment was detected prior to the infection and was
also found in the uninfected control group, which was culture
negative for B. hyodysenteriae throughout the experiment, the
666-bp peak most likely comprises T-RFs from species other

than B. hyodysenteriae. Thus, this peak is not specific and can-
not be used for identification of B. hyodysenteriae.

The bacterial community in the colon of pigs in the unin-
fected control group was stable throughout the entire first
experiment, and the T-RFLP profiles were identical between
the two experiments. No systematic variation in the T-RFs was
detected, although peaks present in only one of the replicate
samples were sometimes found. These T-RFs may represent
animal-to-animal variation in the distribution and abundance
of certain populations or groups of populations. This variation
was small as reflected by a Dice coefficient of 0.959 for all the
control samples. However, for clarity, peaks that were not
present in all replicate samples were omitted in the subsequent
analysis, and a consensus profile was constructed by comparing
the control group samples from all the sampling days and from
both experiments. The Dice coefficients for pairwise compar-
isons of the replicate samples from each of the diet groups
before the infection were high (Table 2; mean 5 0.974), and
consensus profiles of the fragments occurring in both replicate
samples could be constructed. Large variation in the abun-
dance of the bacterial groups between individual pigs on the
same diet has been found by culturing methods (1, 28). Our
finding of a core of consistent T-RFs in each diet group sup-
ports the results of Durmic and colleagues (8) that the major
culturable components of the large intestinal microbiota were
identical in groups of pigs fed the same diet.

The type of diet greatly influenced the intestinal microbiota
as expressed by the T-RFLP profiles after 2 weeks. We did not
sample the animals earlier in the experiment and cannot draw
any conclusions on how fast the bacterial community re-
sponded to the shift to the experimental diets. Varel and co-
workers (32) found a growth response of xylanolytic and cel-
lulytic bacteria, which increased almost an order of magnitude
in numbers, 12 days after pigs were shifted to a high-fiber diet.
Nineteen of the 77 T-RFs were found in all diet groups, i.e.,
these fragments originated from bacterial populations or
groups of populations that were members of the community
independent of the diet. Unique communities for each indi-
viduals but also some dominant bacteria present in all individ-
uals have been found using temperature gradient gel electro-
phoresis to characterize the bacterial communities in human
fecal samples (36).

The rice-based diets resulted in five characteristic peaks,
suggesting the presence of at least five bacterial populations in
the pig gut being favored by the cooked rice compared to the
other diets. Other patterns recognized were related to the
amount and type of fiber in the feed. These T-RFs may rep-
resent bacteria that utilize the dietary fibers as a substrate for
fermentation. A substantial microbial fermentation of NSP
and dietary fibers takes place in the cecum and colon of mono-
gastric animals, and the fatty acids produced may contribute up
to 30% of the maintenance energy needs of growing pigs (33).
An interesting finding was the lack of the T-RFs corresponding
to the Prevotella group in the pigs fed the cooked rice or the
cooked rice supplemented with either 10% potato starch or
20% wheat bran. These diets had low concentrations of sNSP.

The Dice coefficient between the control group and the
group fed the lactic acid-amended standard diet (group G) was
the highest observed (0.813), suggesting that the addition of
lactic acid had little effect on the bacterial community in the
colon. The fermented standard diet had a moderate Dice co-
efficient for the control group, while the lowest observed co-
efficients were those between the group given fermented feed
and the groups given cooked rice diets with high RS and
insoluble NSP. Thus, these diets supported different microbial
populations in the pig colon.
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The 102- and 104-bp T-RFs match the sizes of fragments
from B. uniformis, B. fragilis, and Prevotella melaninogenica,
which are known to be synergistic with B. hyodysenteriae in
producing dysentery in mice (9, 11). However, although no
peaks matching the T-RFs from these species were detected in
the low-sNSP diet groups, the pigs developed dysentery. Other
bacteria have synergistic effects in pigs, including Fusobacte-
rium nucleatum and Fusobacterium necrophorum (34), but T-
RFs of sizes corresponding to these species were not detected
in any of the groups. It is likely that there are many more
bacterial species that are synergistic with B. hyodysenteriae.

Infection of the pigs with B. hyodysenteriae tended to desta-
bilize the colon bacterial community. In contrast to the stable
T-RFLP profile found throughout the experiment in the con-
trol group, many T-RFs fluctuated with the onset of swine
dysentery. The fluctuations were not systematic, although the
overall tendency was to reduce the number of T-RFs. Eighteen
T-RFs appeared in diet groups where they had not been de-
tected before the infection. These T-RFs probably originated
from small bacterial populations that were already present in
the animals before the infection. The mean of the Dice coef-
ficients within the diet groups decreased to 0.822, and consen-
sus profiles could not reasonably be constructed. A shift in the
colonic epithelial microbiota from predominating nonmotile
gram-positive bacteria to motile gram-negative bacteria after
infection with B. hyodysenteriae has previously been reported
(24). Assuming that Bacteroides and Prevotella organisms con-
stitute the main portion of the gram-negative intestinal bacte-
ria (27), we did not detect such a shift after the infection.
Severe clinical signs of dysentery were not observed in the
group fed the fermented standard feed, and the T-RFLP pro-
files remained unchanged in this group, suggesting that the
destabilization in the groups having dysentery was due to the
changed conditions imposed by the diarrhea.

In conclusion, the T-RFLP analysis was useful for demon-
strating changes in the bacterial community structure in pigs
fed different experimental diets. However, the inability to link
the T-RFs to bacterial species is a serious drawback of the
method. To address this problem, extensive sequencing of 16S
rRNA from the environment under investigation is needed. By
comparison of the theoretical T-RFs derived from clone 16S
rRNA libraries, it should be possible to generate tentative
bacterial names for the T-RFs or at least to determine their
phylogenetic affiliation. Our study has shown that the pig in-
testinal microbial ecosystem responds fast and dynamically to
perturbations such as dietary changes or infection with intes-
tinal pathogens and that it is a useful model ecosystem for
basic microbial ecological studies.
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