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tered is decisive for their survival and that they may be quite
protected against, e.g., acidity, by the substrate they are consumed with (4, 7, 16, 30).
To effectively fulfill a beneficial or prophylactic role, probiotic strains must be capable of colonizing the intestine at least
transiently. Certain adhesion capacities of the bacteria appear
to be restricted to the host species (12, 13, 14) they were
originally isolated from. However, more often it is observed
that they are washed out from the gastrointestinal tract after
cessation of continuous uptake (12, 20, 35).
Many studies on survival of administered bacteria have been
conducted by sampling feces. As enumerations in feces do not
truly reflect survival during transit in the upper gastrointestinal
tract, our goal was to monitor survival in the small intestine
(terminal ileum) at the entrance to the large bowel. In our
study we used the model system of fistulated minipig. The
animals had been shown earlier to remain in good health over
long periods of cannulation. Thus, series of diets can be tested
allowing frequent sampling under nearly normal conditions. It
is also described that the flora appears to be unaffected by the
presence of the fistulas (22). S. thermophilus and L. delbrueckii
subsp. bulgaricus are usually not part of the indigenous flora of
mammals, although another subspecies (lactis) of the latter
one is usually found in the human and porcine gastrointestinal
tracts (6).
In the present study, yogurt containing living S. thermophilus
and L. delbrueckii subsp. bulgaricus was fed to minipigs. By
applying a PCR-based approach in combination with phenotypic identification methods, both microorganisms could be
recovered alive from ileostomy contents. S. thermophilus was
additionally identified on the strain level by phage typing. After
extraction of nucleic acids from the chyme we were able to
compare the effect of three different diets (a defined semisyn-

Most studies investigating survival during intestinal passage
of probiotic bacteria have focused on strains of the genera
Lactobacillus and Bifidobacterium (34). These strains are not
traditionally used as starter cultures for milk fermentations.
On the other hand, typical starter bacteria like Lactococcus
lactis (3, 7, 18), Streptococcus thermophilus, and Lactobacillus
delbrueckii subsp. lactis or bulgaricus (2, 4, 30) have only rarely
been used in animal or human in vivo studies, because they are
not considered to exert health benefits comparable to those of
probiotic strains.
Survival of the intestinal transit is one of the preconditions
for microorganisms to develop any beneficial effects after consumption. It is demanded that potential probiotic bacteria
should be able to survive the low pH values of the stomach and
to tolerate the bile salts in the duodenum (4, 8, 11, 17, 21, 29).
First survival tests for potential probiotic strains were mostly
performed in vitro. When exposed, e.g., in vitro to human
gastric juice, Lactobacillus gasseri and Lactobacillus acidophilus
showed better survival than L. delbrueckii subsp. bulgaricus,
whereas S. thermophilus exhibited only poor survival (4). In
another study, bifidobacteria isolated from the human gastrointestinal tract proved significantly less resistant to gastric juice
than the lactobacilli tested (8). It is also known that probiotic
bacteria vary considerably in their levels of bile tolerance (17).
Thus, in vivo testing of survival appears to be indispensable.
Pochart et al. (30) detected viable starter bacteria in human
duodenal samples after fresh yogurt ingestion. In addition, it is
more and more accepted that the way bacteria are adminis* Corresponding author. Mailing address: Institute for Microbiology, Federal Dairy Research Center, Kiel, Hermann-Weigmann-Str. 1,
D-24103 Kiel, Germany. Phone: 49-431-609-2351. Fax: 49-431-6092306. E-mail: lick@bafm.de.
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The ability of Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus administered in yogurt
to survive the passage through the upper gastrointestinal tract was investigated with Göttingen minipigs that
were fitted with ileum T-cannulas. After ingestion of yogurt containing viable microorganisms, ileostomy
samples were collected nearly every hour beginning 3 h after food uptake. Living L. delbrueckii subsp. bulgaricus
and S. thermophilus were detected in the magnitude of 106 to 107 per gram of intestinal contents (wet weight)
in all animals under investigation. A calculation of the minimum amount of surviving bacteria that had been
administered is presented. Total DNA extracted from ileostomy samples was subjected to PCR, which was
species specific for L. delbrueckii and S. thermophilus and subspecies specific for L. delbrueckii subsp. bulgaricus.
All three bacterial groups could be detected by PCR after yogurt uptake but not after uptake of a semisynthetic
diet. One pig apparently had developed an endogenous L. delbrueckii flora. When heat-treated yogurt was
administered, L. delbrueckii was detected in all animals. S. thermophilus or L. delbrueckii subsp. bulgaricus was
not detected, indicating that heat-inactivated cells and their DNAs had already been digested and their own
L. delbrueckii flora had been stimulated for growth.
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TABLE 1. Hybridization probes and PCR primers used in this study
Sequence (5⬘–3⬘)

Orientationa

Size (bp)

L. delbrueckii

AAT TCC GTC AAC TCC TCA TC
TGA TCC GCT GCT TCA TTT CA

Upstream
Downstream

715

25

L. delbrueckii subsp. bulgaricus

CCT CAT CAA CCG GGG CT
TGA TCC GCT GCT TCA TTT CA
CGC CCG GGT GAA GGT G

Upstream
Downstream
Downstream

678

25 and this work

S. thermophilus

CAC TAT GCT CAG AAT ACA
CGA ACA GCA TTG ATG TTA

Upstream
Downstream

968

27

Species

a

Reference

For L. delbrueckii subsp. bulgaricus, two downstream primers in a seminested format were used.

MATERIALS AND METHODS
Media and growth conditions. Lactobacilli were grown on Rogosa agar
(Merck, Darmstadt, Germany) or in MRS medium (5). Streptococci were grown
on tM17 (19) agar at about 40°C. Bacillus stearothermophilus was grown on plate
count agar (Merck) at 60 to 65°C.
Bacterial strains. For fermentation of yogurts, L. delbrueckii subsp. bulgaricus
Kt4 and S. thermophilus 71 or 55n were used. The strains were from the collection of the Institute for Microbiology at the Federal Dairy Research Center.
Fermentation of yogurt. Ultrahigh-temperature-treated milk was heated to
100°C for 10 min before starter cultures were added. After cooling, incubation
proceeded at 42°C until the yogurt was set. Yogurts were prepared 1 and 2 weeks
before uptake. Heat-treated yogurt was prepared by heating to 80°C and keeping
the temperature for 30 min, with casual stirring and immediate cooling afterwards.
Animals. Göttingen miniature pigs, bred specific pathogen free (9), were fitted
with T-cannulas at the terminal ileum and maintained during following years
without problems. All experimental procedures described followed the guidelines for the care and use of laboratory animals and were approved by the
Animal Care and Animal Ethics Committee of the Ministry of Environment of
Schleswig-Holstein, Germany.
Feeding experiments were carried out with two or four pigs (mean body
weight, 50 to 60 kg). During the experiments they were housed individually in
metabolic cages. Four weeks before starting the experiments they were exclusively fed a semisynthetic diet.
Feeding experiments with fistulated Göttingen minipigs. The feeding trials
were carried out in two parts. The first part was designed to detect viable
L. delbrueckii subsp. bulgaricus and the second part—about 4 months later—to
detect viable S. thermophilus. Experiments were carried out on four subsequent
days with four and two individuals, respectively. For a better flow of the digesta,
overnight fast was avoided and an additional day with semisynthetic diet (containing fibers) was introduced. The pigs were fed a semisynthetic diet on day 1
(Sacas 15 consisting of margarine [7.5%], lard [7.5%], cellulose [6.0%], vitamins
and minerals [8.0%], corn starch [29%], sucrose [24%], casein [15%], Lacty [3%;
Purac, Gorinchem, The Netherlands]). Six hundred grams of thermally treated
yogurt (L. delbrueckii subsp. bulgaricus, S. thermophilus below the limit of detection) was applied on day 2, semisynthetic diet on day 3, and 600 g of yogurt with
living starters on day 4. In the first experimental part, L. delbrueckii subsp.
bulgaricus Kt4 counts were 5.8 ⫻ 108/g and in total were 3.5 ⫻ 1011. In the second
experimental part, S. thermophilus 55n counts were 8 ⫻ 107/g and in total were
4.8 ⫻ 1010. CrIII2O3 (2%) was added to the heat-treated yogurt as a gastrointestinal transition marker. Spores of B. stearothermophilus (106 per gram of
yogurt, Thermospore suspension; Difco, Becton Dickinson, Heidelberg, Germany) were mixed as quantitation markers into the yogurt containing living
starter bacteria. Spores of B. stearothermophilus are resistant against digestion
and are easily detectable because of their germination and growth at 60 to 65°C.
Water was again given ad libitum. Ileal digesta were continuously collected as
they passed the site of the fistula, usually between 3 and 10 h after feeding.

Specimens were allowed to flow out into balloons which were attached to the
fistulas. Balloons were changed for each sample approximately every hour.
Enumeration of bacteria. Chyme samples were immediately weighed (in general, 5 g) after collection and were spread on tM17 or Rogosa agar. For identification of S. thermophilus and L. delbrueckii subsp. bulgaricus, 2 ml of tM17 or
MRS medium was inoculated from single colonies by being toothpicked, incubated overnight, and investigated directly by PCR in a way similar to one
described recently (26). Some of the cultures that were identified positively—
approximately 50 isolates per subject—were additionally tested by the API 50
CHL identification system (Biomerieux, Nürtingen, Germany). The remaining
parts of samples were frozen immediately in liquid nitrogen and stored at ⫺74°C
until further use.
Calculation of survival of ingested bacteria. The percentage of survival (S) at
a special point of time was calculated on the basis of the absolute counts of
PCR-confirmed colonies from the plate of the highest dilution corrected by the
recovery rate of B. stearothermophilus spores: S (1 g of chyme/1 g of yogurt) ⫽
N ⫻ D ⫻ 100/(C ⫻ Y) (where N is the number of PCR-confirmed colonies, D is
the dilution factor, C is the correction factor obtained by B. stearothermophilus
counts, i.e., the recovery of B. stearothermophilus in 1 g of chyme in relation to the
original concentration in 1 g of yogurt ingested, and Y is the count of the respective lactic acid bacterium in 1 g of yogurt). Total survival rates were obtained
by summing up the survival rates of the whole amount of a series of samples
collected and put into relation to the whole amount of yogurt ingested.
DNA extraction. Chyme (0.5 g) was weighed, and total DNA was prepared
according to Leenhouts et al. (23) and dissolved in 250 l of TE buffer (10 mM
Tris, 1 mM EDTA [pH 8.0]).
PCR. When L. delbrueckii subsp. bulgaricus was investigated, the total reaction
volume of 25 l (50 l when overnight cultures were directly used) contained 2.5
l (5 l for 50 l) of 10⫻ PCR buffer [200 mM Tris-HCl (pH 8.55), 160 mM
(NH4)2SO4, 15 mM MgCl2 䡠 6H2O], 0.1% (wt/vol) gelatin, 0.1% (vol/vol) Tween
20, each of the deoxynucleoside triphosphates at 0.1 mM, 1.0 mM concentrations
of the appropriate primers (0.5 mM when two downstream primers in a seminested format were used, given in Table 1), and 0.5 U (1.0 U for 50 l) of
Ampli-Taq-Polymerase or Ampli-Taq-Gold (Perkin-Elmer, Roche, Weiterstadt,
Germany). For the species L. delbrueckii, the cycling conditions were 10 cycles of
20 s at 92°C, 75 s at 65°C, and 40 s at 72°C. A further 35 cycles were run for 20 s
at 90°C, for 50 s at 55°C, and for 30 s at 72°C. Terminal elongation was for 3 min
at 72°C. The time-temperature conditions of a seminested PCR which was
subspecies specific for L. delbrueckii subsp. bulgaricus were an initial denaturation of 5 min (10 min when Ampli-Taq Gold was used) at 94°C and then 35
cycles of 20 s at 90°C, 75 s at 55°C, and 40 s at 72°C followed by a terminal
elongation of 3 min at 72°C. Detection of L. delbrueckii subsp. bulgaricus in total
DNA extracted from chyme samples was usually carried out with a slightly
modified step-down PCR protocol: at the beginning, 10 additional cycles were
run at an annealing temperature raised by 10 to 65°C. For S. thermophilusspecific PCR, 35 cycles consisted of 20 s at 92°C, 60 s at 58°C, and 30 s at 72°C,
followed by 3 min of terminal elongation. For investigating total DNA from
chyme, usually 45 cycles in a modified step-down PCR were performed (including the first 10 cycles at 66°C for the annealing temperature). One microliter of
the DNA extracted or at least 0.5 l from overnight cultures inoculated from
single colonies was added to the reaction mixture.
Strain identification of S. thermophilus by phage typing. Plates for phage
typing were produced using 15 ml of tM17 medium solidified with 1.5% agar and
overlaid with 3 ml of soft agar (0.6%). The soft agar had been inoculated with 0.3
ml of overnight cultures of S. thermophilus 55n or isolates from the intestine
already identified by PCR. After gelling for 30 to 60 min, a few microliters of
lysates of 52 typing phages (Collection of the Institute of Microbiology, Federal
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thetic diet, a heat-treated yogurt, and a yogurt containing living
starters) with respect to the detection of the species L. delbrueckii, of the ingested subspecies bulgaricus (which was
distinguished from the indigenous lactis population), and of
S. thermophilus. We also describe the time kinetics of the
appearance of the organisms and their survival rates at the
terminal ileum.
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Dairy Research Center) was applied to the soft agar using a multipoint inoculator. Plates were incubated overnight at 37°C, and the pattern of lysis produced
by the phages was compared with those of the original S. thermophilus strain 55n.

RESULTS
The first set of feeding trials was carried out on three subsequent days. On day 1 a semisynthetic diet was applied, on day
2 heat-treated yogurt was applied, and on day 3 yogurt with
living starter cultures was applied. Chyme samples were collected postprandially about every hour starting 3 h after food
intake. DNA was extracted from each ileal sample and was
immobilized on a membrane. The hybridization obtained with
a species-specific L. delbrueckii probe (data not shown) indicated high numbers of an endogenous L. delbrueckii flora in
one of the minipigs. Thus, it was necessary to use at least a
subspecies-specific identification system in order to distinguish
L. delbrueckii subsp. bulgaricus from the pigs’ own lactis flora.
Identification of S. thermophilus, L. delbrueckii, and L. delbrueckii subsp. bulgaricus DNA by PCR of total DNA extracted
from ileostomy samples. Feeding experiments were carried out
with 4 pigs. Yogurt containing living starters was fed on the
fourth and last day. When possible, five samples were taken
between 3 and 10 h postprandially. Total DNA extracted from
the digesta was investigated by PCR that was (i) species specific for L. delbrueckii (Fig. 1A; specific PCR product, 715 bp),
(ii) subspecies specific for L. delbrueckii subsp. bulgaricus (Fig.
1B; seminested PCR format; specific PCR product, 678 bp),
and (iii) species specific for S. thermophilus (Fig. 1C; specific
PCR product, 968 bp). In Fig. 1 it is shown (for one minipig)
that amplification products of the expected sizes—indicating
the presence of L. delbrueckii, L. delbrueckii subsp. bulgaricus,
and S. thermophilus—were generated from all samples only
when yogurt with living starters was applied. This was in contrast to the first and third day (application of the semisynthetic
diet as control) when amplification products specific for L. delbrueckii subsp. bulgaricus and S. thermophilus were not detected. The occurrence of smaller PCR products (about 400 bp

in length) in the seminested PCR format for L. delbrueckii
subsp. bulgaricus was most likely caused by other lactobacillus
species. On the second day, when thermally treated yogurt
containing inactivated starters was fed to the pigs, specific
amplification was detected for L. delbrueckii but not for subspecies bulgaricus or for S. thermophilus.
Detection of viable L. delbrueckii subsp. bulgaricus. Usually
five samples were taken and plated immediately after collection on Rogosa agar. An overview of the survival of L. delbrueckii subsp. bulgaricus at the terminal ileum after the intestinal passage is depicted in Table 2.
During the intestinal passage, the numbers of quantitation
marker B. stearothermophilus spores per gram increased up to
400, 500, or finally 1,400% compared to the numbers per gram
of yogurt, depending on the animal and on the time of transit.
This indicated a concentrating effect on the intestinal contents
mainly due to water resorption. A transition time of about 3 to
4 h was observed for the first part of the yogurt to arrive at the
site of the fistula.
Colonies of L. delbrueckii subsp. bulgaricus could be identified in two of five intestinal specimens of miniature pig 795, in
two of three specimens of miniature pig 796, in four of five
specimens of miniature pig 804, and in three of five specimens
in miniature pig 805. Highest survival rates were generally
observed in samples taken between 3.5 and 7 h after ingestion.
They started to decrease in those samples taken after 7 to 8 h
(three subjects). One exception was miniature pig 805, which
still provided detectable L. delbrueckii subsp. bulgaricus isolates in samples after 9.5 h. Survival rates were estimated by
direct PCR identification of colonies from plates of suitable
dilution. Rates were estimated for 1 g of chyme (wet weight) in
relation to 1 g of yogurt and were corrected by the recovery
rate of the B. stearothermophilus spores. Highest values ranged
from 0.2, 0.7, and 0.8 to 2.4% in the different animals at
different transition times. The proportion of surviving L. delbrueckii subsp. bulgaricus appeared to decrease with the dura-
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FIG. 1. Detection of L. delbrueckii (A), L. delbrueckii subsp. bulgaricus (B), and S. thermophilus (C) by PCR (715, 678, and 968 bp, respectively,
as indicated by the arrows) in ileostomy samples of a Göttingen minipig after application of a semisynthetic diet, thermally treated yogurt,
semisynthetic diet, and yogurt with living starter cultures on four subsequent days. Five samples were taken per day and diet, and DNA was
extracted and investigated with species- or subspecies-specific PCR systems. The time of the sampling after food uptake is indicated in hours
(gastrointestinal transit time) for each lane. L, a 100-bp ladder as a molecular size marker.
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TABLE 2. Survival of L. delbrueckii subsp. bulgaricus in the chyme of 4 cannulated Göttingen miniature pigs
% B. stearothermophilus
recovered (1 g of chyme
per 1 g of yogurt)b

% Survival of L. delbrueckii subsp.
bulgaricus (1 g of chyme
per 1 g of yogurt)c

Transition
time (h)

No. of isolates
testeda

No. identified as
L. delbrueckii subsp.
bulgaricusa

No. of lactobacilli
(log10 CFU/g of
chyme)

795

3.25
4
7.5
8
9.25

110
111
74
123
184

0
48
3
0
0

6.1
7.3
8.2
8.5
8.7

796

5
8.25
8.75

60
62
46

31
8
0

8.4
7.6
8.6

1,400
400
400

0.7
0.13
ND

804

3.5
4.5
6.5
9
9.5

83
146
151
100
58

37
16
0
41
9

8.0
7.8
7.8
7.1
6.8

360
400
500
350
400

2.4
0.6
ND
0.2
0.3

805

3.75
4.5
5.5
7
7.75

67
65
30
30
22

0
30
13
8
0

7.0
6.7
6.5
6.7
5.5

50
300
400
200
100

ND
0.2
0.05
0.07
ND

Pig no.

NDd
0.8
0.06
ND
ND

0.03
480
870
910
210

Isolates tested were taken from plates of different dilutions.
Arithmetic mean of two countings.
The survival rate of L. bulgaricus was calculated on the basis of the absolute counts of PCR-confirmed colonies identified from the plate of the highest dilution.
It was corrected by the recovery rate of B. stearothermophilus. The calculation is presented in Materials and Methods.
d
ND, not detected.
b
c

tion of the time the starters remained in the stomach and small
intestine.
The absolute numbers of B. stearothermophilus spores recovered were calculated from the total amount of intestinal contents actually collected. These counts corresponded to 57%
(minipig 795), 70% (minipig 796), 84% (minipig 804), and 36%
(minipig 805) of the total amounts of spores originally ingested.
The quantities of L. delbrueckii subsp. bulgaricus were in the
order of 106 to 107 per g of chyme for all four pigs. These
enumerations were corrected by the percentages of the quantitation marker recovered from each subject and put into relation to the total numbers of starters consumed. Thus, the

total recovery rates obtained for the different pigs were 0.27,
0.36, 0.50, and 0.04%, respectively.
Detection of viable S. thermophilus. Feeding experiments
were repeated with two animals in order to investigate survival
of S. thermophilus. Isolated colonies obtained from platings of
different dilutions of intestinal contents were tested by PCR.
Colonies yielding positive reactions for S. thermophilus were
confirmed by phenotypic characters as described in Materials
and Methods. About 10 isolates per minipig were confirmed on
the strain level by phage typing. S. thermophilus colonies were
identified in both individuals tested, in three of five specimens
of individual 804 and in four of five specimens of individual 805
(depicted in Table 3). The magnitude was 106 to 107 per g of

TABLE 3. Survival of S. thermophilus in the chyme of 2 cannulated Göttingen miniature pigs
Pig no.

804

805

a

Transition
time (h)

No. of isolates
testeda

No. identified as
S. thermophilusa

Amt on tM17 agar
(log10 CFU/g
of chyme)b

% B. stearothermophilus
recovered (1 g of
chyme per 1 g
of yogurt)

% Survival of S. thermophilus
(1 g of chyme per 1 g
of yogurt)c

3.25
5.5
5.75
8
9
6
6.5
7
8.5
9

304
350
219
134
115
310
145
104
66
119

102
2
4
0
0
32
8
11
0
1

8.0
8.2
8.0
9.8
9.5
8.2
8.4
6.3
8.0
7.9

40
70
30
190
300
140
60
140
230
210

59
1.8
0.8
NDd
ND
18
23
6
ND
0.6

Isolates tested were taken from plates of different dilutions.
Arithmetic mean of two countings.
Survival rate of S. thermophilus was estimated on the basis of the absolute counts of PCR-confirmed colonies identified from the plate of the highest dilution. It
was corrected by the recovery rate of B. stearothermophilus. The calculation is presented in Materials and Methods.
d
ND, not detected.
b
c
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DISCUSSION
In the present study we used minipigs as a model system for
studying survival of yogurt starter bacteria during gastrointestinal passage. The suitability of an animal model and how far
the results obtained with such a model can be transferred to
the situation in humans depend on how close the physiology of
the animal model comes to the human situation. Porcine bile
employed in some in vitro assays, for example, exerts significantly more inhibitory effects against tested lactobacilli and
bifidobacteria than bovine bile does. But regardless of their
resistance patterns observed either in bovine or in porcine bile,
all assayed bacteria were capable of growing in physiologically
relevant concentrations of human bile (8). A comparison of the
anatomy of the gastrointestinal tracts of humans and minipigs
is depicted by Barth et al. (1). The stomach volumes of humans
and minipigs (33 kg) are both approximately 1.2 to 1.5 liters,
and the length of the small intestine of humans is about 4.5 m
and that of minipigs ranges between 8.3 and 11.0 m. Due to
their omnivorous nutritional behavior, which is similar to that
of humans, minipigs appear to be suitable model systems for
the in vivo screening of the survival of microorganisms. However, it has to be considered that colonization of the different
compartments of the gastrointestinal tract is different. The
proximal regions of the gastrointestinal tracts of pigs are lined
with a stratified, squamous epithelium, and the surfaces of both
secretory and nonsecretory regions of the stomach (10) are
colonized by lactobacilli. In contrast, the microflora of humans
is essentially confined to the large bowel (33).
Our aim was to investigate whether and in what numbers
yogurt starter cultures reach the end of the small bowel and
thus survive not only the acidic barrier of the stomach but also
the duodenum, where bile salts and pancreatic juices are secreted. The latter are known to exhibit antimicrobial activities,
too. In order to get an impression of the fate of both starters,
we administered the yogurt meal with viable starters only once
and did not perform a balance study with a daily delivery of
living microorganisms, which results in a continuous inoculation of the gastrointestinal tract. The identification of the
starter cultures after administration of yogurt with living cultures was compared with that after administration of other
diets. A heat-treated yogurt contained lactose and inactivated
starters, and a defined diet contained a sweetener (Lacty, a
hydrated lactose) which has been described to be fermented by

lactic acid bacteria (Information brochure, Purac Biochem).
Therefore, it was necessary to unequivocally identify S. thermophilus and L. delbrueckii subsp. bulgaricus and to distinguish
the latter one from the endogenous L. delbrueckii subsp. lactis
population.
Permanent fistulas allowed us to follow the time course of
the appearance of microorganisms in the ileostomy contents of
the minipigs. The contents were investigated by extraction of
total DNA that was tested by specific PCR systems and by
recovery of live and culturable starters that were also mainly
identified by PCR. Overnight cultures obtained from single
colonies were inoculated and subsequently identified by PCR.
The enumerations were directly used as the basis for the assessment of survival rates. We did not calculate survival on the
basis of percentages of total toothpicked colonies, as we could
not ensure that toothpicking had, in fact, been carried out at
random. Toothpicking of single colonies from plates with colony numbers larger than 400 was not always possible. Still, the
respective microorganisms in the mixed cultures could be identified by PCR. In most cases, however, the PCR results were
confirmed by the classical biochemical methods. The calculated values for survival should thus be considered as rough,
but also as minimum, rates at the site of the fistula.
Overall survival rates of L. delbrueckii subsp. bulgaricus were
calculated for all four animals to be between 0.5 and 0.04%.
These percentages were obtained from the entire amount of
samples collected and did not represent the total ileal content,
as the intestine was not closed by a balloon catheter. Depending on the animal and the experiment, they were related to
different recovery proportions of the yogurt ingested. These
proportions ranged between 84 and 36%. The main portion of
living and culturable L. delbrueckii subsp. bulgaricus was found
in the specimen obtained after 3 to 4 h in three animals and
after 8 h in only one subject. The latter case might be due to
different water resorption in the ileum and/or different emptying of the stomach.
PCR investigations carried out on total DNA extracted from
the digesta throughout the whole experiment were generally in
good agreement. The respective starter DNA could be detected in the total DNA after feeding of yogurt. In one minipig
(796), however, S. thermophilus was detected but no L. delbrueckii subsp. bulgaricus was detected, although colonies of
the latter were identified after plating. This may be explained
by technical reasons. While no specific PCR product was generated, products of ca. 400 bp were observed. These products
most likely indicated a high background of other lactobacilli.
The high background might have obscured the L. delbrueckii
subsp. bulgaricus identification by decreasing its detection sensitivity, e.g., through depletion of primers. Similar effects were
also observed in one sample of another animal (795). In two
animals (795 and 805) the very first samples did not yield any
PCR amplifications of the three microorganisms, and, consistently, no colonies of L. delbrueckii subsp. bulgaricus were
detected on the plates. In contrast, in the very last specimens,
where no colonies of L. delbrueckii subsp. bulgaricus were
found, DNA extracted from the digesta still resulted in PCR
amplifications indicating the presence of L. delbrueckii subsp.
bulgaricus and S. thermophilus DNA. One can speculate that
either the numbers of L. delbrueckii subsp. bulgaricus colonies
were below the detection level for toothpicking or the DNA
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digesta (wet weight) in nearly all samples, with just one exception. Highest survival rates were again obtained postprandially
after 3 to 6 h. They decreased rapidly after 8 h compared to
those of B. stearothermophilus enumerations. The highest calculated survival rates (1 g of chyme in relation to 1 g of yogurt,
corrected by the percentage of B. stearothermophilus counts
detected) in the two individuals were 59 and 23%, respectively.
The counts of B. stearothermophilus per gram of chyme were
lower than those in yogurt, indicating that the digesta had not
been concentrated, as was observed in the last trials. The total
recoveries of B. stearothermophilus spores collected from all
ileostomy samples were 12 and 28%, respectively. Estimations of
recovery rates of total S. thermophilus related to these amounts
of yogurt were calculated to be 1.2 and 2.2% for the two
individuals.
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reverse water transport into the lumen. One can imagine that
dilution of digesta and gastric juices may have resulted in
increased survival of the microorganisms.
In conclusion, PCR-based investigations of total DNA of
ileostomy contents of Göttingen minipigs showed a consistent
relationship between uptake of living yogurt starters and the
appearance of the DNA at the terminal ileum near the entrance to the large intestine. Moreover, isolates of the subspecies L. delbrueckii subsp. bulgaricus and the species S. thermophilus were identified in the chyme after plating by PCR
and by phenotypic methods. For the latter, species confirmation was done in part on the strain level. Estimated survival
rates were higher than expected. The main proportion of surviving starters was observed in the early samples obtained
between 3 and 7 h. The numbers detected (106 to 107 per g of
chyme [wet weight]) are considered to be high enough for
potential probiotic strains to exhibit biological effects (28).
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extracted was still derived from dead but structurally intact
microorganisms. Feeding of heat-treated yogurts resulted in
detection in the digesta (of three out of four animals) of L. delbrueckii only. In the DNA extracted from thermally treated
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coworkers (7), who found that most dead Lactococcus lactis
cells appear to be subject to rapid lysis.
The species L. delbrueckii detected in the digesta may belong
to the endogenous flora. In contrast to the lack of growth on
semisynthetic diet, they have evidently been stimulated for
growth by the dairy diets. On days 1 and 3, when semisynthetic
diet was applied, none of the 40 samples tested exhibited
L. delbrueckii subsp. bulgaricus-specific PCR products. One
animal seemed to inhibit its own L. delbrueckii flora that was
detected on day 1 but not on day 3. Pigs possess a special blind
sac in the first or cardial part of the stomach (pars oesophagea)
with a pH near 8.0 (15). It is known that numerous lactobacilli
residing at that place originated from remains of earlier meals
or were shed from the squamous epithelium where they adhere. They may occasionally be set free, thus inoculating the
digesta (13, 15, 10, 33). However, in our experiment they did
not grow up to detectable numbers in the following days’ samples. In the chyme of two animals (795, two samples on day 1;
796, three samples on days 1 and 3), S. thermophilus DNA was
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a few weeks before. This might also be the case for the L. delbrueckii subsp. bulgaricus identifications in samples from another animal (805) fed heat-treated yogurt, because at the
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total amount of chyme samples obtained and the amount of
spores present in the samples). Percentages of survival were 1.2
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