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Probiotics are live microorganisms which, when administered in adequate amounts, confer a health benefit
on the host. Therefore, probiotic strains should be able to survive passage through the human gastrointestinal
tract. Human gastrointestinal tract survival of probiotics in a low-fat spread matrix has, however, never been
tested. The objective of this randomized, double-blind, placebo-controlled human intervention study was to test
the human gastrointestinal tract survival of Lactobacillus reuteri DSM 17938 and Lactobacillus rhamnosus GG
after daily consumption of a low-fat probiotic spread by using traditional culturing, as well as molecular
methods. Forty-two healthy human volunteers were randomly assigned to one of three treatment groups
provided with 20 g of placebo spread (n = 13), 20 g of spread with a target dose of 1 X 10° CFU of L. reuteri
DSM 17938 (n = 13), or 20 g of spread with a target dose of 5 X 10° CFU of L. rhamnosus GG (n = 16) daily
for 3 weeks. Fecal samples were obtained before and after the intervention period. A significant increase,
compared to the baseline, in the recovery of viable probiotic lactobacilli in fecal samples was demonstrated
after 3 weeks of daily consumption of the spread containing either L. reuteri DSM 17938 or L. rhamnosus GG
by selective enumeration. In the placebo group, no increase was detected. The results of selective enumeration
were supported by quantitative PCR, detecting a significant increase in DNA resulting from the probiotics after
intervention. Overall, our results indicate for the first time that low-fat spread is a suitable carrier for these

probiotic strains.

The human intestinal microflora or microbiota constitutes a
metabolically active microbial environment. This community is
relatively stable in the guts of healthy individuals (20). Some of
the microbial groups harbor species that are potentially harm-
ful, whereas others, such as the bifidobacteria and lactobacilli,
are regarded as beneficial (8). Specific members of the genera
Lactobacillus and Bifidobacterium are being applied in func-
tional foods as probiotics (25). Probiotics are live microorgan-
isms which, when administered in adequate amounts, confer a
health benefit on the host (9). The current scientific consensus
is that probiotics should be alive to exert their beneficial effect
in the human gastrointestinal (GI) tract (6). Consequently,
probiotics should remain alive in the product, such that the
daily effective dose per serving is still present at the end of the
shelf life (14). Food matrices, production processes, or product
usages that involve heating can affect the viability of probiotics
(24).

Typically, those members selected for probiotic application
are chosen for their resistance to passage through the upper GI
tract and thus are able to transiently colonize the gut (25).
Human GI tract survival of probiotics should lead to shedding
of live cells in fecal samples. GI tract survival is, however,
dependent on both the strain and the food matrix involved
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(27). Fecal recovery of several probiotic strains has been dem-
onstrated in different food matrices, including fermented milk
and yoghurt (10, 26, 29), fruit drinks (21), a cereal bar (22),
supplements (13, 17, 27), and infant formula (29).

For this study, we have selected two well-established probi-
otic strains to test the suitability of a low-fat spread as a
probiotic carrier, namely, Lactobacillus reuteri DSM 17938
(BioGaia, Sweden) and Lactobacillus rhamnosus GG (ATCC
53103; Valio, Finland). L. reuteri DSM 17938 was derived from
L. reuteri ATCC 55730 by curing of two plasmids harboring
antibiotic resistance genes (23). A series of in vitro experi-
ments confirmed the retention of the functional properties of
the daughter strain, as no differences in colony morphology,
fermentation patterns, production of reuterin, generation
time, mucus-binding ability, or tolerance to bovine bile were
found between L. reuteri ATCC 55730 and DSM 17938. The
daughter strain is somewhat more resistant to low pH and
grows to a higher density in vitro (23). Several studies have
been published which provide data on the survival of L. reuteri
ATCC 55730 in the human GI tract at doses of 4 X 10% to 1 X
10'° CFU/day in freeze-dried matrices and chewable tablets
(32-34). Furthermore, L. reuteri DSM 17938 was demonstrated
to survive human GI tract passage in the same way as L. reuteri
ATCC 55730 (23).

L. rhamnosus GG has been isolated from a healthy human
intestinal flora by Goldin et al. (10). L. rhamnosus GG is
relatively resistant to acid and bile, adheres in vitro to epithe-
lial cells, and can produce an antimicrobial substance (10, 15).
A wide range of studies have been published which provide
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data on the survival of L. rhamnosus GG in the human GI tract
(3, 4, 10, 18, 19, 27-30), as well as transient colonization of the
intestinal microbiota in healthy adults in various formats, in-
cluding freeze-dried powder, capsules, and tablets or via fer-
mented milk drinks, yoghurt, or fruit juice. Saxelin et al. (28)
evaluated the dose-response effect of orally administered L.
rhamnosus GG in powder form on fecal colonization in healthy
adults, which indicated that consumption of approximately
10" to 10'* CFU/day was required to reach detectable levels in
fecal samples from volunteers. This was also the case when L.
rhamnosus GG was administered in gelatin capsules (29). Ad-
ditionally, Saxelin et al. (27) observed that milk, but possibly
also other protective compounds in food, can improve the
survival of L. rhamnosus GG. Fecal recovery of L. rhamnosus
GG in milk-based products was shown at dose levels of around
2 X 10° CFU/day.

It is, however, not known whether probiotics can survive
passage through the human GI tract after the consumption of
a low-fat spread. The objective of this randomized, double-
blind, placebo-controlled human intervention study was there-
fore to test the human GI tract survival of L. reuteri DSM
17938 and L. rhamnosus GG after daily consumption of a
low-fat probiotic spread by using traditional culturing, as well
as molecular methods. The primary outcome parameter of this
study was a significant change from the baseline in the number
of probiotic bacteria of the respective strains in fecal samples.

MATERIALS AND METHODS

Subjects. Subjects were recruited between September 2007 and January 2008.
Invitation letters were sent to inhabitants of Vlaardingen (The Netherlands) and
the surrounding area, and an advertisement was placed in the Erasmus Univer-
sity magazine. The main inclusion criteria were that the volunteers be healthy
men and women 18 to 55 years old at screening with no reported medical
conditions that could affect the study outcome (as judged by the study physician),
have a body mass index (BMI) between 20 and 30 kg/m? consume animal
products at least twice a week, habitually consume spreads, and pass stool at least
every 2 days. The main exclusion criteria were the use of antibiotics, reported
dietary restrictions, alcohol abuse, very intense sporting activities, smoking, preg-
nancy or lactation, unstable weight, reported participation in another biomedical
study 3 months before the start of this study, and reported participation in night
shift work 1 month prior to or during the study. All in- and exclusion criteria were
assessed by means of a screening questionnaire. Subjects who fulfilled all of the
criteria were invited to participate in this study. Before the start of the run-in
period, informed consent was obtained and self-reported BMIs were verified by
measuring weight and height with a digital weighing and measuring station
(SECA 764; SECA, The Netherlands). The study protocol was approved by the
Medical Ethical Committee of Wageningen University, Wageningen, The Neth-
erlands, in September 2007, and the study was conducted according to the WMO
(Research Involving Human Subject Act).

Study design. This study was a randomized, double-blind, placebo-controlled,
parallel, three-arm study with a 2-week run-in period and a 3-week intervention
period. Forty-seven study subjects were randomly assigned to three treatment
groups and provided a low-fat placebo spread, a probiotic spread with at least
1 X 10° CFU of L. reuteri DSM 17938, or a probiotic spread with at least 5 X 10°
CFU of L. rhamnosus GG.

Allocation to the three treatment groups was performed by means of comput-
er-generated randomization codes stratified by gender. Two persons not involved
in the conduct of the study were responsible for labeling the spread test products
with the study subject identifier codes. Research staff and subjects remained
blind to the type of treatment throughout the study and data analysis.

During the intervention period, subjects were instructed to consume daily 20 g
of one of the three low-fat spread test products, divided into two eating occasions
(breakfast and dinner). To test the human GI tract survival of probiotics, two
fecal samples were collected, one at the end of the run-in period and one at the
end of the intervention period. Subjects who could not deliver a fecal sample
within 2 days of the sampling point were excluded from the study. During both
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TABLE 1. Composition of 100 g of spread test product®

Component Amt

Total proteins.. 30g
Carbohydrates

Total 40¢g

Mono- and disaccharides.... 05g

Polysaccharides ........cceceueucueiieeieiceecceceeccccecenenes 35¢g
Fats

TOtAl oo 28¢g

Saturated fatty acids 9.0g

cis-Monounsaturated fatty acids ..........ccecevverriinicicnnne. 13g

cis-Polyunsaturated fatty acids 6g

“ Energy, 1,200 kJ or 280 kcal.

the run-in and intervention periods, subjects were instructed to refrain from any
other food products specifically claiming to contain prebiotics or probiotics.
Subjects were asked to return the empty packages from the test products used,
as well as the unused test products, and to register noncompliance with the test
product intake and dietary background restrictions in a diary. Compliance with
background diet and spread test product intake was checked at the end of the
run-in period, approximately 1 week after the start of the intervention period,
and at the end of the intervention period by counting the used and unused spread
tubs and by checking the diaries. This study was performed at the Unilever Food
and Health Research Institute in Vlaardingen, The Netherlands.

Spread test products. The spread test products were produced and supplied by
Unilever and were 20-g portion packs of low (28%)-fat spreads containing L.
reuteri DSM 17938 at a target dose of 1 X 10° CFU/daily serving, L. rhamnosus
GG at a target dose of 5 X 10° CFU/daily serving, or a placebo spread without
any probiotic bacteria. The spread test products were identical in appearance and
taste. The composition of the spread test product can be found in Table 1. Both
probiotic spread test products were 10-fold overdosed during production to
compensate for any potential decline in the viability of the probiotics during
transport and storage and to guarantee the required minimal viable count of
probiotic bacteria until the end of the intervention period. The spread test
products were produced and distributed in two different batches. Subjects were
instructed to store the test products at home in the refrigerator. The viable
counts of probiotic bacteria in the spread test products were determined directly
after production and at several occasions during the intervention period. In
addition, the viable counts of probiotic bacteria in samples stored under con-
trolled conditions (4 to 6°C) at the production center were compared to those of
samples that were returned by the study subjects and had been stored at home (1
to 8°C).

Collection and analysis of fecal samples. Fresh fecal samples were collected at
home by defecation into a bag inserted into a bucket and stored in a 750-ml glass
jar under anaerobic conditions (Anaerocult mini sachet; Merck). Samples were
delivered to the investigator and processed for bacterial enumeration within 4 h
of defecation. Ten grams of sample was diluted 10-fold with peptone physiolog-
ical salt solution (PFZ; Tritium Microbiology, The Netherlands) and homoge-
nized in a stomacher for 30 s by using a stomacher bag with a filter (VWR, The
Netherlands). The fecal suspension was used for bacterial enumeration. The cell
pellet of a 2-ml aliquot was stored at —20°C for DNA isolation and quantitative
PCR (qPCR).

Bacterial enumeration of live lactobacilli in spread test products and fecal
samples. The chemicals used were purchased from Sigma-Aldrich unless indi-
cated otherwise. Determination of the number of live probiotic bacteria in the
spread test products was performed in duplicate by the viable plate count
method. First, the water phase of the spread was extracted by dilution of ca. 20 g
of spread in 90 ml of PFZ, which was heated at 39°C for 20 min and subsequently
shaken at ambient temperature for 10 min at 200 rpm. Serial decimal dilutions
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in PFZ prepared from the extracted water phase of the spreads were mixed
vigorously. Subsequently, appropriate dilutions were plated on MRS agar
(Merck) and incubated at 37°C for 2 days under anaerobic conditions. The viable
plate count of probiotic lactobacilli was expressed in CFU per 20 g of spread.

To detect the number of live probiotic bacteria in fecal samples, selective
enumeration was used. Briefly, serial dilutions of fresh fecal samples were plated
on modified LAMVAB agar (11) at a pH of 5.7 and supplemented with 0.05%
freshly prepared cysteine and 50 mg/liter vancomycin (35). Plates were incubated
for 3 days at 37°C under anaerobic conditions. The total number of lactobacilli
was determined by counting the resulting colonies. L. reuteri was subsequently
identified by detection of reuterin production by a method developed by BioGaia
(23). For identification of L. rhamnosus GG, 20 colonies were randomly picked
and tested for the inability to ferment lactose on MRS agar with 2% lactose as
the sole carbon source supplemented with 100 mg/liter bromocresol purple (35).
Lactose-negative colonies were identified as L. rhamnosus GG by colony PCR.
Bacterial counts in feces were expressed as the log;, CFU per gram (wet weight)
of feces.

Molecular identification and quantification of probiotic bacteria in fecal sam-
ples. DNA isolation from cell pellets from fecal suspensions was done with the
stool isolation kit from Qiagen according to the manufacturer’s instructions, with
the following modifications. One thin-walled PCR tube containing 600 to 650 mg
of glass beads (Zirconia/Silica Beads, 0.1 mm; BioSpec Products) was added to
the cells resuspended in the lysis buffer. The tubes were subsequently shaken for
45 s at a speed setting of 6 in a Fastprep FP120 (MP Biomedicals). The suspen-
sions obtained were incubated for 5 min at 95°C. Isolated DNA was stored at
—20°C until further use. The quantity and purity of the DNA used as a reference
were determined by performing gel electrophoresis with a FlashGel system and
1.2% agarose FlashGel cassettes (Lonza) and measuring the DNA concentration
with a spectrophotometer (UV mini-1240, UV-Vis spectrophotometer; Shi-
madzu Corporation) and the required program (Program Pack, UV mini-1240
DNA/PROTEIN; Shimadzu Corporation).

All PCRs were performed on an Applied Biosystems 7500 real-time PCR
machine with the 7500 Real-Time PCR System Sequence Detection Software,
version 1.3.1 (Applied Biosystems). Assays were performed in 25-ul volumes
containing 12.5 ul of POWER SYBR green I PCR Master Mix, forward and
reverse primers, and 2.5 pl of a 10-fold dilution of the extracted DNA. L.
rhamnosus GG detection and quantification were performed with strain-specific
primers Lrhamn1 (5'-CAATCTGAATGAACAGTTGTC-3') and Lrhamn?2 (5'-
TATCTTGACCAAACTTGACG-3") (7) at a final concentration of 0.4 WM. L.
reuteri was quantified with species-specific primers L-reu-1 (5'-CAGACAATCT
TTGATTGTTTAG-3') and L-reu-4 (5'-GCTTGTTGGTTTGGGCTCTTC-3")
(31) at a final concentration of 0.9 pM. The amplification program consisted of
1 cycle of 95°C for 10 min and 40 cycles of amplification (95°C for 15 s, 60°C for
1 min), followed by determination of the dissociation curve. The detection limit
of each assay was determined by using serial dilutions of the chromosomal DNA
of each reference strain.

For quantitative analysis of the threshold cycle, each sample was compared to
a standard curve made from serial DNA dilutions of the chromosomal DNA of
a reference strain, either L. reuteri ATCC 55730 or L. rhamnosus GG. The
number of cells equivalent to 1 pl of reference DNA was calculated by dividing
the DNA concentration by the genome weight. The genome weight, in turn, was
calculated by multiplying the base pair weight (607.4 g/mol) with the relevant
genome size in base pairs and divided by Avogadro’s number (6.02 X 10%%). The
genome sizes used were 2.0 Mb for L. reuteri (5) and 2.4 Mb for L. rhamnosus
GG, which is based on the genome size of L. rhamnosus HNO01 (16). Results
were expressed as log,, cells per gram of fecal sample, taking into account the
dilution steps in the DNA isolation method and assuming one genome per cell.

For colony PCR, selected colonies were resuspended in 50 pl of lysis buffer
(1% Triton X-100, 20 mM Tris HCI [pH 8.0], 2 mM EDTA [pH 8.0]) and
incubated for 10 min at 98°C. Debris was precipitated by centrifugation at
maximum speed for 5 min. The supernatant containing DNA (20 pl) was diluted
10-fold in water and stored at —20°C. Colony PCR samples were scored as L.
rhamnosus GG when the subsequent PCR displayed a threshold cycle higher
than that of the negative control (L. reuteri ATCC 55730) and a dissociation peak
between 80 and 84°C.

Statistics. All statistical analyses were performed with JMP 8.0 for Windows.
The Wilcoxon signed-rank test was used to test whether the changes from the
baseline of both L. reuteri DSM 17938 and L. rhamnosus GG were significantly
different from zero. The Mann-Whitney U test was used to compare the total
number of lactobacilli in the L. reuteri DSM 17938 or L. rhamnosus GG group
with that in the placebo group. Both the Wilcoxon signed-rank test and the
Mann-Whitney U test were performed one sided with an alpha of 0.05 on the
log-transformed values of the per-protocol population (n = 42). The statistical
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TABLE 2. Baseline characteristics of the study population

Total No. of

Intervention group no. of females/ Mean age Mean BMI
. (yr) =SD  (kg/m?) = SD
persons  males
L. reuteri DSM 17938 13 10/3 455 8.9 248 22
L. rhamnosus GG 16 12/4 453 £103 256 25
Placebo 13 10/3 423 105 261 £2.7

analysis of the intention-to-treat population was similar to the per-protocol
analysis (data not shown). Differences in age and BMI between the treatment
groups were evaluated with the unpaired two-sided Student ¢ test with an alpha
of 0.05.

A total of 45 subjects (15 per intervention group) were necessary in order to
detect a significant increase of 1.38 X 10% in the number of probiotic bacteria in
feces compared to the placebo, assuming a within-subject variance of 0.69 X 10'°
CFU/g of feces, a power of 90%, and an alpha of 0.05, according to a one-sided
Dunnett test correcting for multiple comparisons.

RESULTS

Study subjects. A total of 62 subjects were screened, and 57
were invited to participate in the study. Ten subjects dropped
out of the study before the start of the run-in period because of
illness (n = 3), voluntary withdrawal (n = 4), pregnancy (n =
1), a BMI of >30 kg/m* (n = 1), or participation in another
intervention study (n = 1). Forty-seven subjects started the
study. During the study, two more subjects dropped out, one
because of medicine use and one because of inability to pro-
duce a fecal sample in time. A total of 45 subjects (10 men and
35 women) completed the study. During a blind review of the
results, three subjects were excluded from the per-protocol
analysis because of noncompliance with the study protocol.
The baseline characteristics of the per-protocol population
were similar across the three intervention groups (placebo
spread, n = 13; spread with L. reuteri DSM 17938, n = 13;
spread with L. rhamnosus GG, n = 16) (Table 2). Compliance
with spread test product intake was in the range of 95% to
100%. A total of 20 adverse events were reported: 8 during the
run-in period and 12 during the intervention period. Of the
adverse events in the intervention period, three occurred in
the group receiving L. rhamnosus GG, five in the group receiv-
ing L. reuteri DSM 17938, and four in the placebo group. The
adverse events were headache, common cold, gastroenteritis,
dental caries, ankle contusion, and accident. According to the
judgment of the study physician, none of the adverse events
was related to spread test product intake.

Probiotic bacteria in the spread test products. All three
spread test products were produced and distributed to the
study subjects in two different batches. The spread test prod-
ucts in batch 1 were consumed 2 to 3.5 weeks after production,
during the first half of the intervention period. The spread test
products in batch 2 were consumed 1.5 to 3.5 weeks after
production, during the last 2 weeks of the intervention period.
No obvious decline in the viable count of probiotic bacteria
was observed during the respective consumption periods of the
different batches of both probiotic spreads (Fig. 1). In both
spreads, the viable count of probiotic bacteria remained above
the target level, which was at least 1 X 10° CFU for the spread
with L. reuteri DSM 17938 and at least 5 X 10° CFU for the
spread with L. rhamnosus GG. The actual viable counts at the
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FIG. 1. Average viable plate counts of probiotic bacteria in spread
test products after production. Symbols: @, L. rhamnosus GG; A, L.
reuteri.

time of consumption varied from 5.7 X 10° to 1.0 X 10'° CFU
of L. reuteri DSM 17938/20 g of spread and from 3.3 X 10'° to
5.6 X 10'° CFU of L. rhamnosus GG/20 g of spread. The viable
counts of probiotic lactobacilli at the end of the intervention in
spreads stored under refrigerated conditions (1 to 8°C) at
home by the volunteers were in the same range as those stored
under controlled conditions (4 to 6°C) at the production center
(Table 3).

Probiotic bacteria in fecal samples. In Tables 4 and 5, the
average fecal microbial count data analyzed by selective enu-
meration (Table 4) and gPCR (Table 5) are shown. All of the
study subjects had detectable viable plate counts of total lac-
tobacilli at the baseline which were on the order of about 4 to
5log,, CFU/g of feces. Compared to that of the placebo group,
the total number of lactobacilli significantly increased from the
baseline after 3 weeks of intervention with the L. reuteri DSM
17938-containing spread (P = 0.0406), as well as the L. rham-
nosus GG-containing spread (P = 0.0003), to a level of about
6 to 7 log,, CFU/g of feces.

L. reuteri was not detectable in fecal samples from any of the
study subjects at the baseline by means of selective enumera-
tion. L. reuteri counts remained undetectable by selective enu-
meration in the fecal samples from the study subjects in both
the placebo and L. rhamnosus GG groups immediately after
the 3-week intervention period. On the other hand, 12 out
of the 13 study subjects who consumed the probiotic spread
with L. reuteri DSM 17938 had detectable viable count num-
bers of L. reuteri after the 3-week intervention period and,
moreover, the log,, CFU counts of L. reuteri in fecal samples
increased significantly from the baseline after the 3-week in-
tervention (P = 0.0012).

L. rhamnosus GG was detectable at the baseline by selective
enumeration in fecal samples from one study subject in the
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placebo group, one in the L. reuteri DSM 17938 group, and two
in the L. rhamnosus GG intervention group. In both the pla-
cebo and L. reuteri DSM 17938 intervention groups, the L.
rhamnosus GG counts remained either low or not detectable.
On the other hand, selective enumeration of isolates showed
that L. rhamnosus GG was present after intervention in all of
the study subjects who consumed the spread with L. rhamnosus
GG and moreover the log,, CFU counts of L. rhamnosus GG
in fecal samples significantly increased from the baseline after
the 3-week intervention period (P = 0.0001).

Results of the qPCR analysis were almost comparable to the
viable plate count data, indicating detectable levels of L. reuteri
in 11 out of 13 volunteers after a 3-week intervention with the
L. reuteri DSM 17938-containing spread with a smaller, but
also significant, increase from the baseline (P = 0.0005). The
qPCR results of the L. rhamnosus GG counts were also com-
parable to the viable plate count data, indicating detectable
levels of L. rhamnosus GG in 15 out of the 16 volunteers after
a 3-week intervention with the L. rhamnosus GG-containing
spread, with also a somewhat smaller but significant increase
from the baseline (P < 0.0001).

In general, values obtained by qPCR were about 1 log,, unit
higher than the corresponding viable plate count data, indicat-
ing that also dead or viable but not colony-forming lactobacilli
were detected by qPCR. The change from the baseline based
on the qPCR results was, in general, lower than the plate count
data, which was due to the higher detection limit of the qPCR
analysis.

The number of subjects who showed a minimum twofold
increase in fecal probiotic counts after intervention was around
80% for both interventions and by both detection methods (for
L. reuteri DSM 17938, 10/13 [76.9%] by the viable plate count
method and 11/13 [84.6%] by qPCR; for L. rhamnosus GG,
14/16 [87.5%] by the viable plate count method and 13/16
[81.3%] by qPCR).

DISCUSSION

Probiotic bacteria are live microorganisms which, when ad-
ministered in adequate amounts, confer a health benefit on the
host (9). Therefore, probiotic strains should remain alive in the
product and should survive passage through the human GI
tract. In the present double-blind, placebo-controlled human
intervention study, we have demonstrated for the first time that
both L. reuteri DSM 17938 and L. rhamnosus GG can survive
passage through the human GI tract after the consumption of
a low-fat probiotic spread. A significant increase in the recov-
ery of viable probiotic bacteria in fecal samples was observed

TABLE 3. End-of-intervention viable plate counts of probiotics in spread test products stored at home by the volunteers or at the
production center

Viable plate count” of:

Storage site L. reuteri DSM 17938

L. rhamnosus GG

Batch 1

Batch 2

Batch 1 Batch 2

4.6 (= 2.8) X 10°
6.7 (+ 2.3) X 10°

Home
Production center

3.6 (= 0.5) X 10°
3.1 (= 1.5) X 10°

46 (* 1.3) X 10
6.1 (= 2.5) X 10'°

2.7 (= 0.5) X 10'°
2.4 (= 0.3) x 10

“ The data are average viable counts of lactobacilli in CFU per 20 g of spread * the standard error of the mean.
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TABLE 4. Average microbial counts in fecal samples as determined by selective enumeration

Lactobacillus count®

L. reuteri count®

L. rhamnosus GG count®

Intervention
group () Before After Change Before After Change Before After Change
Placebo (13) 47+ 05 (13) 4.8 £0.5(13) 0.03 = 0.3 (13) ND* ND ND 44 (1) 3.8(1) =0.6 (1)
L. reuteri DSM 5.0 = 0.7 (13) 6.4 0.4 (13) 14 *£0.6°(13) ND 5.6 £0.3(12) 2.6 = 0.7 (12) 39(1) ND ND

17938 (13)
L. rhamnosus
GG (16)

46+05(16) 68 =02(16) 22 =05 (16) ND

ND ND 40+ 1.8(2) 6.6 =03 (16) 2.9 = 0.5¢ (16)

“ Data are expressed as the average log;, CFU per gram of feces = the standard error of the mean, including the number of subjects in parentheses, for whom values

were obtained and on which values the averages (log,, CFU) are based.

? ND, not detected. The detection limits of the different bacterial counts determined by selective enumeration were as follows: L. reuteri, variable; L. rhamnosus GG,

variable; Lactobacillus, <10.

¢ Significantly different from the placebo based on a Mann-Whitney U test (one-sided alpha = 0.05).
4 Significantly different from the baseline based on a Wilcoxon signed-rank test (one-sided alpha = 0.05).

after 3 weeks of daily consumption of a low-fat probiotic
spread containing either L. reuteri DSM 17938 or L. rhamnosus
GG. Fecal viable plate counts of L. reuteri were on the order of
5.6 log,, CFU/g of feces after 3 weeks of consumption of the L.
reuteri DSM 17938 spread, which contained, on average, 5.7 X
10 to 1.0 X 10" CFU of L. reuteri DSM 17938/20 g of spread.
These levels are in line with the results of Rosander et al. (23),
who found between 4.2 and 5.2 log,, CFU of L. reuteri/g of wet
feces after 14 to 28 days of consumption of ~8 X 10% CFU of
freeze-dried L. reuteri DSM 17938 powder dissolved in cold
water. Fecal levels were between 6.2 and 7.3 log,, CFU of L.
reuteri when around 6.5 X 10'° CFU of L. reuteri DSM 17938
was consumed for 14 to 28 days (23).

Fecal viable plate counts of L. rhamnosus GG were on the
order of 6.6 log,, CFU/g of feces after 3 weeks of consumption
of the L. rhamnosus GG spread containing, on average, 3.3 X
10" to 5.6 X 10'° CFU of L. rhamnosus GG/20 g of spread.
These levels are also comparable to the fecal recovery results
of L. rhamnosus GG in different food matrices which were
previously reported in the literature. Saxelin et al. (28), for
example, reported that the mean level of L. rhamnosus GG
found in feces after 7 days of consumption of 10'? to 10'* CFU
of L. rhamnosus GG as freeze-dried powder varied between 5
and 7 log,, CFU/g of feces. Fecal recovery values of L. rham-
nosus GG when administered as fermented milk (1.2 X 10"
CFU) were also on the order of 7 log,, CFU/g of feces after a
7-day supplementation period (27).

In contrast to the studies of Saxelin et al. (27, 28) our results
reveal that L. rhamnosus GG colonies were present in fecal
samples from 4 out of 42 individuals at the baseline. Lactoba-
cilli and L. rhamnosus species are present in the human diet

and belong to the normal microbiota of the human GI tract.
According to Ahrné et al. (2) L. rhamnosus can be isolated in
26% of individuals. It is likely that the baseline colonies result
from naturally present L. rhamnosus strains that have a geno-
type similar to that of L. rhamnosus GG. Although it was not
reported by the study subjects, we cannot exclude the possibil-
ity that the observed colonies are the result of L. rhamnosus
GG consumption prior to or during the 2-week run-in period.
Fecal L. reuteri levels were less abundant in the study popula-
tion at the baseline, as only one individual showed a high level
of 9.2 log,, cells/g of feces, which was detected by qPCR.

The total number of fecal lactobacilli at the baseline was
about 4 to 5 log,, CFU/g of feces in our study. These values are
within the expected range of vancomycin-resistant lactobacilli
in human feces of 2.5 to 9 log,, CFU/g of feces as described by
Hartemink et al. (11, 12) and <2 to 8 log,, CFU/g of wet feces
as reported by Ahlroos and Tynkkynen (1). However, our
values are lower than the previously reported total fecal lac-
tobacillus counts of about 7 to 8 log,, CFU/g of feces in the
studies of Saxelin et al. (28, 29). The difference between the
latter studies and our study lies in the selectiveness of the me-
dium used. Saxelin et al. used MRS, while we used MRS with
a lower pH and supplemented with vancomycin, which is more
selective (11). This may explain why we detected a significant
increase in the change from the baseline in the total lactoba-
cillus count after the daily consumption of a low-fat spread
with either L. reuteri DSM 17938 or L. rhamnosus GG for a
3-week period, which was not the case in the L. rhamnosus GG
intervention studies with healthy adult volunteers of Saxelin et
al. (28, 29) and Goldin et al. (10), in which MRS agar with a
higher pH and no vancomycin was used.

TABLE 5. Average microbial counts in fecal samples as determined by qPCR

L. reuteri count”

L. rhamnosus GG count”

Intervention
group (n) Before After Change Before After Change
Placebo (13) ND? ND ND ND ND
L. reuteri DSM ND 6.7+ 0.2 (11) 1.7 £0.2° (11) ND ND ND
17938 (13)
L. rhamnosus 9.2 (1) 6.3 *+0.7(3) -0.1+0.8(3) ND 73 +0.2(15) 1.6 £ 0.2 (15)
GG (16)

“ Data are expressed as average log,, cells per gram of feces = the standard error of the mean, including the number of subjects in parentheses, for whom values

were obtained and on which values the averages (log,, cells) are based.

® ND, not detected. The detection limits of the different bacterial counts determined by qPCR were as follows: L. reuteri, 5.0; L. rhamnosus GG, 5.7.
¢ Significantly different from the baseline based on a Wilcoxon signed-rank test (one-sided alpha = 0.05).
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The fecal L. reuteri and L. rhamnosus GG levels detected by
qPCR were about 1 to 2 log,, higher in our study than the fecal
levels measured by viable plate counting. This is in line with
results of Ahlroos and Tynkkynen (1), who also showed that L.
rhamnosus GG levels in feces were 1 to 2 log,, higher when
analyzed by qPCR than when analyzed by conventional plate
counting on MRS-vancomycin agar. This could be related to
the isolation of DNA from not only viable cells but also dead
or viable but not colony-forming lactobacilli or from the fact
that single colonies do not necessarily originate from single
bacterial cells. Overall, our qPCR results reveal trends similar
to those revealed by the selective enumeration method and we
can therefore conclude that real-time qPCR is a suitable
method for strain-specific quantification of probiotic bacteria
in human fecal samples following probiotic interventions.

Besides human GI tract survival, probiotic bacteria need to
remain alive in the product. We observed no obvious decline in
the viable counts of probiotic bacteria in the spread test prod-
ucts throughout the intervention period of this study. Home
storage conditions were sufficient to guarantee probiotic sur-
vival in the spreads. This indicates that low-fat spreads that are
specifically designed to support probiotic survival can be a
good alternative food matrix in which to administer live pro-
biotic bacteria.

In conclusion, both L. reuteri DSM 17938 and L. rhamnosus
GG can survive passage through the human GI tract after the
consumption of a low-fat spread. Furthermore, we have dem-
onstrated that the viable probiotic counts in both spread test
products remained stable during the course of the intervention
period. Overall, our results indicate for the first time that
low-fat spread is a suitable carrier for L. reuteri DSM 17938
and L. rhamnosus GG, supporting the use of low-fat spread as
a probiotic product.
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