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Abstract

To date, there is significant controversy as to the survival of yogurt bacteria (namely, Streptococcus thermophilus and Lactoba-

cillus delbrueckii subsp. bulgaricus) after passage through the human gastrointestinal tract. Survival of both bacterial species in
human feces was investigated by culture on selective media. Out of 39 samples recovered from 13 healthy subjects over a 12-day
period of fresh yogurt intake, 32 and 37 samples contained viable S. thermophilus (median value of 6.3 · 104 CFU g�1 of feces)
and L. delbrueckii (median value of 7.2 · 104 CFU g�1 of feces), respectively. The results of the present study indicate that substan-
tial numbers of yogurt bacteria can survive human gastrointestinal transit.
� 2005 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Yogurt symbiosis is believed to exert beneficial effects
on human health. For instance, the role of yogurt bacte-
ria in the reduction of lactose intolerance has been thor-
oughly studied in humans and is now well established
[1–6]. A recent review proposed that fresh yogurt prep-
arations containing Streptococcus thermophilus and Lac-

tobacillus delbrueckii could now be considered probiotic
products because they confer health benefits to the host
[7]. Otherwise, it is generally demanded that beneficial
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bacteria be viable in the digestive tract for being recog-
nized as probiotics. Few studies have investigated sur-
vival of yogurt bacteria during gastrointestinal transit
of human and, to date, results remain rather conflicting.
In a recent work, del Campo et al. [8] failed to detect the
presence of S. thermophilus or L. delbrueckii in the feces
of 96 volunteers following a 2-week period of yogurt in-
take (using either culture or specific PCR). In contrast,
other authors have succeeded in detecting viable L. del-

brueckii (but not S. thermophilus) in the feces of 6 out of
10 subjects ingesting yogurt [9].

The goal of the present study was to assess the sur-
vival of S. thermophilus and L. delbrueckii by culture
analysis of feces from healthy subjects over a 12-day
period of yogurt intake. Thirteen 25- to 45-year-old
. Published by Elsevier B.V. All rights reserved.
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volunteers (7 males and 6 females) were included in the
study after giving their written informed consent. They
had no previous history of digestive surgery and were
not subject to chronic diarrhoea or constipation, colonic
inflammatory syndrome, allergy or intolerance to dairy
products. Also, they had not received any antibiotic
treatment during the 3 months preceding the study.
Table 1
Recovery of S. thermophilus, L. delbrueckii and spore marker from
feces of yogurt consumers

Number of volunteers whose feces
contained viable microorganisms
from yogurt

S. thermophilus L. delbrueckii B. stearother

mophilus

spores

Number of detections
per individual

Three times 9 12 13
Twice 2 0 0
Once 1 1 0
Never 1 0 0

Total of volunteers 13 13 13
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2. Materials and methods

The trial consisted of two consecutive periods. For an
initial 15-dayperiod, fermentedmilk and cheese products,
including fresh yogurt, were excluded from the normal
diet of the volunteers. One stool sample was obtained
from each individual in the last 2 days of this period. Dur-
ing the following 12-day period, volunteers observed the
same diet restrictions but were asked to eat 3 · 125 mL
of fresh yogurt daily. Three stool samples were recovered
from each subject in the last 5 days of this second period.
Bacterial starters used for yogurt preparation consisted in
two spontaneous rifampicin and streptomycin resistant
variants of S. thermophilus S85 and L. delbrueckii subsp.
bulgaricus S85. These variants lead to the same microbio-
logical, technological and organoleptic properties of yo-
gurt as the original strains. Fresh yogurt manufactured
with these strains contained 7.8 · 108 CFU mL�1 viable
S. thermophilus and 7.5 · 108 CFU mL�1 viable L. del-

brueckii. Thermoresistant Bacillus stearothermophilus

spores (Merck, Darmstadt, Germany) were also added
to yogurt at 2.3 · 105 CFU mL�1 during the fabrication
process. They were used as an inert transit marker as pre-
viously reported [10,11] and to check product consump-
tion by the volunteers. After yogurt production,
bacterial counts did not vary substantially for at least
1 month, ensuring intake of viable microorganisms at
constant concentrations throughout the study.

Fecal samples obtained from each volunteer were
analyzed within 2 h of stool emission. For each sample,
an aliquot of 1 g was homogenized in 10 mL casein-
yeast extract medium [12] and 10-fold serial dilutions
were prepared. Dilutions up to 10�8 of the initial fecal
suspension were plated on M17-agar plates containing
1.000 lg mL�1 streptomycin and 100 lg mL�1 rifampi-
cin for selective recovery of S. thermophilus. MRS-agar
plates containing the same antibiotic concentrations
were used for selective recovery of L. delbrueckii. Plates
were incubated anaerobically at 42 �C for at least 48 h
before enumeration of colonies. Using this protocol,
the detection limit for S. thermophilus or L. delbrueckii
in fecal samples was 102 CFU g�1 of feces. B. stearother-
mophilus spores were enumerated from fecal dilutions
according to the previously described procedure [10].
Preliminary experiments confirmed that these selective
media and growth conditions make it possible to
unequivocally discriminate between the two bacterial
strains of yogurt and completely prevent the growth of
any other microbial species from fecal microbiota (data
not shown).
3. Results and discussion

All the fecal samples obtained during the first period
of the trial were analyzed first. No colony was recovered
from selective plates, indicating the absence of antibiotic
resistant bacteria in the fecal microbiota of all subjects
before yogurt intake. The 13 volunteers then proceeded
into the second period of the trial. As a result of yogurt
consumption, B. stearothermophilus spores were present
in the three samples obtained from each of the 13 volun-
teers (Table 1). Spore levels varied within a narrow
range and were recovered at a mean value of 6.1
[±2.4] · 106 CFU g�1 of feces (n = 39). These levels were
remarkably stable within individuals and very similar
between subjects.

During the period of intake, viable S. thermophilus

cells were recovered from 32 out of 39 fecal samples
(82%) at levels between 4.0 · 102 and 3.5 · 106 CFU g�1

of feces, with a median value of 6.3 · 104 CFU g�1 of
feces. Similarly, 37 out of 39 fecal samples (95%)
were positive for the detection of viable L. delbrueckii.
Bacterial levels varied between 5.0 · 102 and
2.1 · 107 CFU g�1 of feces with a median value of
7.2 · 104 CFU g�1 of feces. In subject 07, the first sam-
ple contained none of the two yogurt bacteria in a viable
state but each of the other two samples contained either
viable S. thermophilus or viable L. delbrueckii. None of
the three samples of subject 09 contained viable S. ther-
mophilus, but viable L. delbrueckii was present in all of
them. Finally, only a single sample out of 39 (3%) was
deficient in both viable S. thermophilus and L.

delbrueckii.
Although molecular techniques are highly sensitive

and specific for detection of bacterial DNA, classical
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culture techniques remain essential for the assessment of
cell viability.Nevertheless, the use of non-selective culture
methods for detectionof viableS. thermophilus andL. del-
brueckii from yogurt in human feces is inadequate since
bacteria from the resident microbiota may also grow on
plates. Callegari et al. [9] reported that they were unable
to recover S. thermophilus colonies because other cocci
from the human microbiota were too numerous on read-
able plates.Recently, del Campo et al. [8] attempted to use
specific-PCR to identify S. thermophilus or L. delbrueckii
colonies grown onMRS orM17 plates previously spread
with fecal samples. However, the accuracy of the method
used by these authors is likely to be poor, since a limited
number of colonies were PCR tested and the criterion
for PCR testing was morphological resemblance to usual
S. thermophilus or L. delbrueckii colony morphology. In
the present study we took advantage of spontaneous anti-
biotic resistant variants for the specific detection of viable
S. thermophilus and L. delbrueckii in the feces of human
volunteers consuming yogurt. By preventing growth of
any other microorganism on plates, this method allowed
us to exclusively enumerate yogurt bacteria. This strategy
may account, at least in part, for the significantly higher
amounts of viable yogurt bacteriawedetected inmost vol-
unteers compared to the previous findings of other
authors who enrolled numerous subjects [8]. The discrep-
ancies betweenour results and those of delCampo et al. [8]
may also result from differences in the trial protocol. Our
analysis was performed on fresh fecal samples collected
during the period of yogurt intake, while they analyzed
samples taken after the end of the consumption period.
These authors did not otherwise indicate how long after
the end of yogurt ingestion stool samples were obtained.
With respect to potential probiotic effects on subjects con-
suming yogurt, data on bacterial survival after the end of
the consumption period sound meaningless.

The significant recovery of viable S. thermophilus and
L. delbrueckii in human feces is consistent with previous
data on the survival of yogurt bacteria in the upper com-
partments of human digestive tract [4,13,14]. Together
with studies reporting metabolic activity of yogurt bac-
teria in the digestive tract of animal models and humans
[14,15], these data on the viability of S. thermophilus and
L. delbrueckii during gastrointestinal transit in humans
provides additional evidence of the ability of yogurt
symbiosis to exert probiotic effects.
References

[1] Labayen, I., Forga, L., Gonzalez, A., Lenoir-Wijnkoop, I., Nutr,
R. and Martinez, J.A. (2001) Relationship between lactose
digestion, gastrointestinal transit time and symptoms in lactose
malabsorbers after dairy consumption. Aliment Pharmacol. Ther.
15, 543–549.

[2] Marteau, P., Flourie, B., Pochart, P., Chastang, C., Desjeux, J.F.
and Rambaud, J.C. (1990) Effect of the microbial lactase (EC
3.2.1.23) activity in yoghurt on the intestinal absorption of
lactose: an in vivo study in lactase-deficient humans. Brit. J. Nutr.
64, 71–79.

[3] Pelletier, X., Laure-Boussuge, S. and Donazzolo, Y. (2001)
Hydrogen excretion upon ingestion of dairy products in lactose-
intolerant male subjects: importance of the live flora. Eur. J. Clin.
Nutr. 55, 509–512.

[4] Pochart, P., Dewit, O., Desjeux, J.F. and Bourlioux, P. (1989)
Viable starter culture, beta-galactosidase activity, and lactose in
duodenum after yogurt ingestion in lactase-deficient humans. Am.
J. Clin. Nutr. 49, 828–831.

[5] Rizkalla, S.J., Luo, W., Kabir, M., Chevalier, A., Pacher, N. and
Slama, G. (2000) Chronic consumption of fresh but not heated
yogurt improves breath-hydrogen status and short-chain fatty
acid profiles: a controlled study in healthy men with or without
lactose maldigestion. Am. J. Clin. Nutr. 72, 1474–1479.

[6] Varela-Moreiras, G., Antoine, J.M., Ruiz-Roso, B. and Varela,
G. (1992) Effects of yogurt and fermented-then-pasteurized milk
on lactose absorption in an institutionalized elderly group. J. Am.
Coll. Nutr. 11, 168–171.

[7] Guarner, F., Perdigon, G., Corthier, G., Salminen, S., Koletzko,
B. and Morelli, L. (2005) Should yogurt cultures be considered
probiotic? Brit. J. Nutr. 93, 783–786.

[8] del Campo, R., Bravo, D., Canton, R., Ruiz-Garbajosa, P.,
Garcia-Albiach, R., Montesi-Libois, A., Yuste, F.J., Abraira, V.
and Baquero, F. (2005) Scarce evidence of yogurt lactic acid
bacteria in human feces after daily yogurt consumption by healthy
volunteers. Appl. Environ. Microbiol. 71, 547–549.

[9] Callegari, M.L., Morelli, L., Ferrari, S.L., Cobo Sanz, J.M. and
Antoine, J.M. (2004) Yogurt symbiosis survived in human gut
after ingestion. FASEB J. 18 (Abstract #115.8).

[10] Contrepois, M. and Gouet, P. (1969) Utilisation d�une technique
microbiologique pour la mesure de la vitesse des microparticules
dans le tractus digestif des ruminants. CR Acad. Sci. (Paris) 268,
1757–1759.

[11] Oozeer, R., Mater, D.D.G., Goupil-Feuillerat, N. and Cortahier,
G. (2004) Initiation of protein synthesis by a labeled derivative of
the Lactobacillus casei DN-114 001 strain during transit from the
stomach to the cecum in mice harboring human microbiota. Appl.
Environ. Microbiol. 70, 6992–6997.

[12] Raibaud, P., Dickinson, A.B., Sacquet, E., Charlier, H. and
Mocquot, G. (1966) Microflora of the digestive system of the rat.
I. Technics of study and proposed culture media. Ann. Inst.
Pasteur (Paris) 110, 568–590.

[13] Lindwall, S. and Fonden, R. (1984) Passage and survival of L.
acidophilus in the human gastrointestinal tract. Int. Diary Fed.
Bull. 21, 179.

[14] Petterson, L., Graf, W. and Sevelin, V. (1985) Survival of
Lactobacillus acidophilus NCDO 1748 in the human gastro-
intestinal tract. 2. Ability to pass the stomach and intestine in vivo
In: Nutrition and Intestinal flora. Proceedings of the XV
Symposium of Swedish Nutrition Foundation (Hallgren, B.,
Ed.), pp. 127–130. Almqvist and Wiksell, Uppsala.

[15] Drouault, S., Anba, J. and Corthier, G. (2002) Streptococcus

thermophilus is able to produce a beta-galactosidase active during
its transit in the digestive tract of germ-free mice. Appl. Environ.
Microbiol. 68, 938–941.


	Streptococcus thermophilus and Lactobacillus delbrueckii subsp.  bulgaricus survive gastrointestinal transit of healthy  volunteers consuming yogurt
	Introduction
	Materials and methods
	Results and discussion
	References


