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Background.

Because of changes in gut physiology, immune system reactivity, and diet, elderly people are

more susceptible to gastrointestinal infections than are younger adults. The gut microflora, which provides a natural
defense against invading microorganisms, changes in elderly people with the development of potentially damaging
bacterial populations, which may lead to alterations in bacterial metabolism and higher levels of infection.

Methods. A randomized, double-blind, controlled feeding trial was done with 18 healthy elderly volunteers
(age, >62 years) using a synbiotic comprising Bifidobacterium bifidum BB-02 and Bifidobacterium lactis BL-01
(probiotics) together with an inulin-based prebiotic (Synergy 1; Orafti). Real-time PCR was employed to quantitate
total bifidobacteria, B. bifidum, and B. lactis in fecal DNA before, during, and after synbiotic consumption. Counting
all viable anaerobes, bifidobacteria, and lactobacilli and identification of bacterial isolates to species level was also
done.

Results.  Throughout feeding, both bifidobacteria species were detected in fecal samples obtained from all
subjects receiving the synbiotic, with significant increases in the number of copies of the 16S rRNA genes of B.
bifidum, B. lactis, and total bifidobacteria, compared with the control week and the placebo group. At least 1 of
these species remained detectable in fecal samples 3 weeks after feeding in individuals that had no fecal B. bifidum
and/or B. lactis in the control week, indicating that the probiotics persisted in the volunteers. Counting of viable
organisms showed significantly higher total numbers of fecal bifidobacteria, total numbers of lactobacilli, and

numbers of B. bifidum during synbiotic feeding.
Conclusion.

Synbiotic consumption increased the size and diversity of protective fecal bifidobacterial pop-

ulations, which are often very much reduced in older people.

The human colonic microbiota is affected by host, mi-
crobiological, dietary, and environmental factors and
can vary greatly in composition between individuals.
The microbiota is generally viewed as being stable dur-
ing adult life [1, 2], during which it plays an important
role in host physiology and metabolism [3], and it pro-
vides a natural defense against invading pathogens [4].
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However, gut function changes with age, and this is
often accompanied by an increased incidence of gas-
trointestinal infection [5]. This may result from changes
in host physiology, immune system reactivity, and diet,
but it also may be caused by shifts in the bacterial
population in the large bowel. Some studies have in-
dicated that bifidobacterial levels decrease in older peo-
ple, in whom there are increased levels of clostridia and
enterobacteria [6-11].

Although there is debate concerning the benefits of
probiotics for adults with normal, healthy gut ecosys-
tems, use of probiotics may prevent traveler’s diarrhea,
antibiotic-associated diarrhea, and acute diarrhea or
improve recovery from disease [12]. Lactobacilli and
bifidobacteria are the most frequently used probiotics
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in humans, and there is evidence that some of these organisms
can increase resistance to gut infections by inhibiting pathogens
[13] and improving host immunity [14]. Inulin-type fructans
are commonly used prebiotics, which have been defined as
nondigestible dietary components that selectively stimulate the
growth and/or activities of bacteria in the large bowel [15]. A
number of investigations have shown that oligofructose pro-
motes the growth of bifidobacteria [16, 17]; therefore, con-
sumption of a probiotic in combination with a suitable pre-
biotic (synbiotic) can result in synergistic effects, improving
survival of the probiotic by providing a readily available sub-
strate for fermentation and by increasing autochthonous bifi-
dobacteria levels.

Therefore, probiotics and prebiotics offer attractive strategies
to reduce unfavorable changes in the aging gut and to maintain
a more “healthy” intestinal microbiota, to help maintain bowel
function and to reduce susceptibility to infection in elderly
persons. The aim of this double-blind, randomized, controlled
feeding trial was to study the effects of ingestion of a synbiotic
containing 2 bifidobacterial species (Bifidobacterium bifidum
BB-02 and Bifidobacterium lactis BL-01) and oligofructose on
the composition of intestinal bifidobacteria and Lactobacillus
populations in older people.

METHODS

Subjects. A total of 18 healthy female volunteers aged >62
years with no recent history of gastrointestinal disease partic-
ipated in the study. All volunteers were living in the Tayside
area of East Scotland. No antibiotics or laxatives were taken 2
months before or during the study, and volunteers maintained
their usual diet. All volunteers gave written informed consent
to the protocol, which was approved by the Tayside Committee
on Medical Research Ethics. The volunteers were randomized
into 2 groups by sealed envelope, and neither volunteers nor
investigators knew the code during the investigation. The mean
age of the volunteers in the placebo group was 71 years (range,
63-85 years), and the mean age of volunteers in the synbiotic
group was 73 years (range, 68—90 years).

Experimental design of the feeding trial. The study lasted
for 8 weeks and was divided into 3 consecutive phases: a pre-
feeding period (1 week), followed by the feeding period (4
weeks) and a postfeeding period (3 weeks). During the feeding
phase, the synbiotic group received supplements which con-
sisted of 6 g of Raftilose Synergyl (Orafti) and a gelatin capsule
containing 100 mg of a freeze-dried probiotic containing
~3.5X 10" cfu each of B. bifidum strain BB-02 and B. lactis
BL-01 (Rhodia). Raftilose Synergy1 is a combination of chicory
inulin enriched by a fraction of chicory oligofructose produced
by partial enzymic hydrolysis of chicory inulin. The placebo
group received 6 g of maltooligosaccharides, which are com-
pletely digested and absorbed in the small bowel, together with

a gelatin capsule containing potato flour. The oligofructose or
maltooligosaccharides together with the capsules were taken
with a cold drink twice per day after meals, to reduce killing
of the probiotic by gastric acid. We analyzed fecal samples from
week 1 (i.e., the prefeeding period), weeks 3-5 (i.e., the feeding
period), weeks 6 and 8 (i.e., the postfeeding period). All fecal
samples were received as planned, except for week 5, when a
sample was not received from 1 person in the placebo group.
All fecal specimens were processed within 60 min. Viable cell
counts were done on material received in week 1 (the prefeeding
period), week 4 (the feeding period), and week 8 (the post-
feeding period).

Isolation and enumeration of fecal bacteria. Specimens of
fresh feces were homogenized (10% wt/vol) in 0.1 mol/L so-
dium phosphate buffer (pH, 6.5) containing 80 mg/L pectin
(citrus), 150 mg/L starch (soluble), 80 mg/L xylan (oatspelt),
and 80 mg/L mucin (partially purified porcine gastric mucin),
before being serially diluted 10-fold in half-strength anaerobic
peptone water. Samples were spread onto selective agar plates
and incubated in an anaerobic chamber (H,, 10%; CO,, 10%;
N,, 80%) for 48 h at 37°C. Total anaerobe counts were done
using Wilkins-Chalgren agar, and bifidobacteria and lactobacilli
levels were enumerated using Beerens medium [18] and Rogosa
agar, respectively.

Identification of bacterial isolates by analysis of cellular
fatty acid methyl esters. For identification of bifidobacteria
and lactobacilli, the predominant colony types were identified
and subcultured on Wilkins-Chalgren agar. All isolates were
identified to species level on the basis of their cellular fatty
acid profiles using the Microbial Identification System
(MIDI). Fatty acid methyl esters were extracted from bacterial
cell mass obtained from a 30-mL overnight culture grown
anaerobically in peptone—yeast extract—glucose broth accord-
ing to the manufacturer’s instructions. Methylated fatty acids
were identified by gas chromatography as described elsewhere
[8], and bacterial identification was performed by comparison
of the cellular fatty acid profile with the standard MIDI library
for anaerobes, Moore version 3.9 (available at http://www.midi
-inc.com/pages/databases.html).

DNA extraction from fecal specimens. DNA was extracted
from 2 mL of fecal slurry (10% wt/vol) using the Quiagen Stool
Kit (Quiagen) with a modified protocol for cell lysis. Cells were
collected by centrifugation (20,000 g for 10 min) and were
resuspended in 1.4 mL of stool lysis buffer. Three hundred fifty
mg of 0.1-mm glass beads (BioSpec) were added, and the cells
were mechanically disrupted using a Mini-Beadbeater (Bio-
Spec) for 2 min at maximum speed. The suspension was sub-
sequently heated for 5 min at 95°C, and the bead-beating step
was repeated for 2-min. Cell debris was removed by centrif-
ugation at 5000 g for 2 min. After lysis, DNA-damaging sub-
stances and PCR inhibitors were removed using InhibitEX tab-
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lets (Quiagen). The protein digests and DNA purification were
done using QIAamp spin columns, in accordance with the
manufacturer’s instructions.

Real-time PCR. Real-time PCR was performed using an
iCycler iQ apparatus (Bio-Rad) with iCycler Optical System
Interface software, version 2.3 (Bio-Rad). Each reaction was
done in duplicate in a volume of 20 uL, using 96-well optical
grade PCR plates (Bio-Rad). Amplification reactions were done
using the iQ SYBR Green Supermix (Bio-Rad) containing 3
mmol/L MgCl,, 20 mmol/L Tris HCI (pH, 8.4), 50 mmol/L
KCl, 200 pmol/L each deoxynucleoside triphosphate, SYBR
Green I, 10 nmol/L fluorescein, 0.625 U iTaq DNA polymerase
mixed with the selected primers set (table 1) at a concentration
of 0.5 umol/L for each primer, and 1.6 uL of the respective
template DNA or water. Amplifications were done with the
following temperature profiles: 1 cycle at 95°C for 3 min, 35
cycles of denaturation step at 95°C for 30 s, primer annealing
at the optimal temperature for 30 s (optimal temperatures for
each set of primers are shown in table 1), and 1 final cycle at
95°C for 30 s. For the Bflact2/Bflact5 primer set, an additional
elongation step at 72°C for 10 s was done after primer an-
nealing. Finally, melt-curve analysis was done by slow heating
of the PCR reactions from 55°C to 95°C (1°C per cycle of 10
s) with simultaneous measurement of SYBR Green I signal
intensity. Quantitation was done using standard curves made
from known concentrations of plasmid DNA containing the
respective amplicon for each set of primers.

Chemicals. The probiotic strains were a gift from Cultech.
Synergy 1 and maltooligosaccharides were gifts from Orafti.
Unless stated otherwise, all chemicals were purchased from
Sigma Chemical. Bacteriological culture media were obtained
from Oxoid.

Statistical analyses. Logarithms of bacterial counts and

rRNA gene copy values were used to achieve normal distri-
bution, and mean values (= SDs) were calculated. Because the
profile of fecal bacterial species can vary greatly between the
individuals, the mean values and SDs presented in the tables
were calculated only for the individuals who had the particular
species present in their stool samples. However, for statistical
tests, negative results were included as the value 0 to consider
changes in cell numbers and prevalence of the bacterial species
in a volunteer group. SPSS software, version 10.0.7, was em-
ployed; independent Student’s f test was used to compare di-
etary groups, and the Bonferroni test was used for comparisons
of the control week with the feeding and postfeeding periods.
Differences were considered to be statistically significant at
P<.05.

RESULTS

Counts of total viable anaerobes and bifidobacteria and lac-
tobacilli in feces. Total anaerobe counts in individual stool
samples ranged between 9.0 and 11.0 log,, cfu/g (wet weight).
Mean bacterial counts in the synbiotic and placebo groups
(table 2) were similar—approximately 10.0 log,, cfu/g (wet
weight)—and remained unchanged in the different dietary pe-
riods. Lactobacillus counts ranged from 3.0 to 9.2 log,, cfu/g
(wet weight). Mean total numbers were higher during synbiotic
feeding compared to the placebo (table 3). The most frequently
isolated species were Lactobacillus paracasei, Lactobacillus shar-
peae, and Lactobacillus salivarius. However, Lactobacillus car-
riage varied markedly between the volunteers, as well as within
the different dietary periods for a given individual.
Bifidobacteria were isolated from all stool samples, with
counts ranging from 5.7 to 10.3 log,, cfu/g (wet weight). Bi-
fidobacterium adolescentis, Bifidobacterium angulatum, and Bi-

Table 1. Primer sets used for real-time PCR quantitation of fecal bifidobacteria in elderly volunteers.

Annealing
Target organism, Product  temperature,
primer set Primer sequence size, bp °C Reference
Bifidobacterium bifidum
BiBIF-1F 5-CCA CAT GAT CGC ATG TGA TTG-3 278 62 [19]
BiBIF-2R 5-CCG AAG GCT TGC TCC CAA A-3
Bifidobacterium lactis
BlactF 5-CCC TTT CCA CGG GTC CC-¥ 194 65 [20]
BlactR 5-AAG GGA AAC CGT GTC TCC AC-3
Bifidobacterium lactis
Bflact2 5-GTG GAG ACA CGG TTT CCC-¥ 680 65 [21]
Bflactb 5-CAC ACC ACA CAA TCC AAT AC-3
Bifidobacterium genus
Bif164F 5-GGG TGG TAA TGC CGG ATG-3 457 59 [22]
Bif601R 5-TAA GCC ATG GAC TTT CAC ACC-¥ [23]°
@ Modified.
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Table 2. Counts of viable fecal anaerobes and bifidobacteria in elderly volunteers during synbiotic or placebo feeding.

Synbiotic group
(n=09)

Placebo group
(n=29)

Prefeeding period

Feeding period

Postfeeding period

Prefeeding period

Feeding period

Postfeeding period

No. of No. of No. of No. of No. of No. of
subjects with ~ Organism  subjects with ~ Organism  subjects with  Organism  subjects with  Organism  subjects with ~ Organism  subjects with  Organism
organism count, organism count, organism count, organism count, organism count, organism count,

Organism(s) present mean = SD? present mean = SD? present mean = SD? present mean = SD? present mean = SD? present mean + SD?
All anaerobes 9 10.3 £ 0.5 9 10.1 £ 0.3 9 10.0 £ 0.2 9 10.3 £ 0.5 9 99 = 04 9 10.0 £ 0.8
Bifidobacterium adolescentis 4 89 £ 04 6 9.0 £ 0.9 5 9.0 £ 0.8 4 85 + 0.8 6 83 £ 0.6 6 83 + 0.6
Bifidobacterium angulatum 5 88 = 0.6 7 9.0 £ 0.8 7 82 + 06° 5 83 1.2 5 7.7 £ 09 1 7.5
Bifidobacterium bifidum 3 84 + 13 5 8.8 = 0.6° 6 87 = 0.7° ND ND . ND
Bifidobacterium boum ND . ND ND 1 5.7 1 7.9 ND .
Bifidobacterium breve 1 6.6 ND 1 7.8 1 8.8 ND 1 7.3
Bifidobacterium catenulatum ND . ND 1 8.4 ND ND ND
Bifidobacterium dentium 4 9.0 = 04 5 81+ 1.2 3 7.7 £ 0.7 2 7.4 = 0.1 4 73 1.0 5 75+ 0.7
Bifidobacterium lactis 1 8.6 1 8.0 1 7.7 1 6.3 2 73 £ 13 1 6.7
Bifidobacterium longum 2 9.0 £ 0.8 1 9.6 3 84 + 1.2 1 8.4 ND 3 76 = 0.8
Bifidobacterium pullorum ND 1 9.9 1 7.6 ND ND 1 8.1
All bifidobacteria 9 93 £ 04 9 9.4 + 08° 9 9.0 = 0.7° 9 86 = 1.0 9 83 £ 038 9 8.1+ 0.8

NOTE. The prefeeding period was week 1, the feeding period was week 4, and the postfeeding period was week 8. ND, not detected.

@ Results are expressed as mean log,, cfu/g (wet weight) of feces + SD.
® Indicates a statistically significant difference (P<.05), compared with the placebo group.
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Table 3. Counts of viable fecal lactobacilli in elderly volunteers during synbiotic and placebo feeding.

Synbiotic group Placebo group
(n=29) (n=29)
Prefeeding period Feeding period Postfeeding period Prefeeding period Feeding period Postfeeding period
No. of No. of No. of No. of No. of No. of
subjects with  Organism  subjects with ~ Organism  subjects with  Organism  subjects with ~ Organism  subjects with ~ Organism  subjects with  Organism
organism count, organism count, organism count, organism count, organism count, organism count,
Lactobacillus species present mean + SD? present mean + SD? present mean + SD? present mean + SD? present mean + SD? present mean + SD?
L. acidophilus 1 4.7 ND ND 1 6.7 1 4.5 1 3.8
L. alimentarius ND ND ND 1 5.0 ND ND
L. casei 1 5.5 1 3.6 ND 1 5.0 ND 1 4.6
L. cateneforme 1 8.0 1 9.1 1 7.9 ND ND ND
L. coryneformis
subsp. coryneformis ND ND ND ND 2 47 £+ 1.6 ND
L. delbruekii subsp. lactis 1 7.0 1 7.1 ND ND 1 5.0 2/9 49 + 0.1
L. fermentum ND ND ND ND ND 1 5.2
L. gasseri ND 2 76 £ 13 1 6.9 ND ND ND
L. kefir ND ND ND ND 1 5.3 ND
L. mali ND 1 5.5 1 5.3 1 6.5 1 4.3 1 5.4
L. oris 2 57 +13 1 8.7 ND ND 1 8.0 ND
L. paracasei subsp. paracasei 2 55 + 0.8 ND 2 56 £ 1.3 4 56 = 0.7 2 4.7 + 0.3 1 5.0
L. plantarum 1 5.7 ND ND ND ND 1 3.6
L. reuteri ND ND ND 1 8.7 1 5.3 1 5.5
L. rhamnosus ND ND 1 5.2 ND 1 4.3 ND
L. rimae ND ND ND ND ND 1 8.3
L. rogosae ND ND 1 8.0 ND ND ND
L. salivarius subspecies salicinius ND 3 6.1 + 0.9 2 38 £ 1.1 ND 1 5.3 ND
L. sharpeae 1 6.8 3 58 = 1 7.3 1 45 2 42 + 0.1 1 4.8
Lactobacillus species D10 ND ND 2 8.2 = 0.1 ND ND 2 7.1 =03
All lactobacilli 8 6.1 £ 1.1 9 6.8 = 1.7° 9 6.6 + 1.8 8 6.0 =14 8 54 + 1.2 8 59 + 1.5
L. lactis ND 1 6.5 ND ND ND 2 5.8 + 0.7

NOTE. The prefeeding period was week 1, the feeding period was week 4, and the postfeeding period was week 8. ND, not detected.

@ Results are expressed as mean log,, cfu/g (wet weight) of feces + SD.
® Indicates a statistically significant difference (P<.05), compared with the placebo group.
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Table 4. Results of real-time PCR quantitation of rRNA genes of all bifidobacteria using primer sets Bif164 and
Bif601.
Prs;(?%célzng Feeding period Postfeeding period
Subject group, subject, statistic week 1 Week 3 Week 4 Week 5 Week 6 Week 8
Placebo group
P1 104 10.9 10.8 104 11.0 10.6
P2 9.9 9.6 10.5 10.8 95 9.2
P3 8.7 8.2 8.1 8.4 8.8 8.0
P4 7.6 8.9 11.0 9.1 8.5 9.1
P5 10.5 10.3 10.0 9.8 9.9 10.3
P6 7.8 9.6 7.9 8.4 6.1 8.2
P7 9.7 10.7 9.8 9.5 95 9.2
P8 7.9 10.4 8.6 8.2 8.1 9.0
P9 9.5 9.7 9.5 NS 9.3 9.5
Mean = SD 9.1 = 1.1 9.8 £ 0.9 96 1.2 93 1.0 9.0+ 14 93 + 0.8
Prevalence® 9/9 9/9 9/9 8/8 9/9 9/9
P for week 1 vs. other weeks® NA 1.000 1.000 1.000 1.000 1.000
Synbiotic group
S1 10.1 10.6 10.9 10.5 10.3 10.5
S2 9.7 104 11.6 10.0 10.5 9.9
S3 9.2 10.9 10.5 10.5 10.9 10.1
S4 10.1 10.7 9.7 9.8 95 10.6
S6 8.1 9.8 9.9 8.8 9.6 8.8
S6 10.7 9.8 10.9 10.9 10.0 10.5
S7 10.2 10.3 10.8 11.0 10.6 10.6
S8 10.7 10.1 11.2 1.1 10.5 10.8
S9 10.5 10.7 11.0 10.8 10.2 10.5
Mean + SD 99+ 08 104 +£04 10706 10407 102=+05 102 +06
Prevalence® 9/9 9/9 9/9 9/9 9/9 9/9
P
Week 1 vs. other weeks NA 1.000 144 1.000 1.000 1.000
Between dietary groups® .106 .089 .019 .024 .017 011

NOTE. Data are log,, 16S rRNA gene copies/g (wet weight), unless otherwise indicated. NA, not applicable; NS, not studied.

@ No. of subjects with specific 16S rRNA genes present/no. of subjects tested.
® The Bonferroni test was used for pairwise multiple comparison of the mean values for the control week and for the other dietary weeks.
¢ The independent Student's t test was used to compare the mean values between the dietary groups.

fidobacterium dentium predominated (table 2); Bifidobacterium
breve, Bifidobacterium longum, and Bifidobacterium pullorum
were occasionally found; and Bifidobacterium boum and Bifi-
dobacterium catenulatum were detected in only a few stool sam-
ples. Total bifidobacterial counts were significantly higher dur-
ing synbiotic feeding, compared to placebo feeding, and they
remained this way after feeding. An increase of =1 order of
magnitude in the count of B. angulatum or B. adolescentis dur-
ing feeding was observed almost twice as often in individuals
taking the synbiotic, compared with placebo recipients (data
not shown). However, significant differences between the syn-
biotic and the placebo groups were only found with B. angu-
latum counts in the postfeeding period, as a result of the fact
that this organism was detected in only 1 placebo recipient but
in 7 synbiotic recipients. In the synbiotic group, B. bifidum was
detected in 3 of 9 volunteers before feeding, and the rate in-

creased to 5 of 9 during the feeding period and to 6 of 9 during
the postfeeding period. B. bifidum was not isolated from pla-
cebo recipients at any time. Mean counts of this bacterium
were significantly higher in the synbiotic group during the feed-
ing and postfeeding periods than in the placebo recipients. B.
lactis was detected infrequently, and no diet-induced changes
were observed.

Quantitation of fecal bifidobacteria levels using real-time
PCR. With use of primers specific for the genus Bifidobac-
terium, significantly higher copy numbers of target DNA were
found in the synbiotic group during the feeding period (weeks
4 and 5) and during the postfeeding period (weeks 6 and 8)
(table 4). Bifidobacterial 16S rRNA gene copies were detected
in each stool sample using real-time PCR. When specific prim-
ers were used to target B. bifidum (table 5) and B. lactis (table
6), both species were found in all stool samples obtained from
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Table 5.
BiBIF-1 and BiBIF-2.

Results of real-time PCR quantitation of rRNA genes of Bifidobacterium bifidum using primer sets

Prsgers)cgzng Feeding period Postfeeding period
Subject group, subject, statistic week 1 Week 3 Week 4 Week 5 Week 6 Week 8
Placebo group
P1 ND ND ND ND ND ND
P2 ND ND ND ND ND ND
P3 ND ND ND ND ND ND
P4 ND ND ND ND ND ND
P5 8.3 9.9 8.9 9.1 9.5 8.4
P6 ND ND ND ND ND ND
P7 ND 9.4 ND ND ND ND
P8 ND 8.9 ND ND ND ND
P9 ND ND ND NS ND ND
Mean + SD 8.3 94 = 05 8.9 9.1 9.5 8.4
Prevalence® 1/9 3/9 1/9 1/8 1/9 1/9
P for week 1 vs. other weeks® NA 1.000 1.000 1.000 1.000 1.000
Synbiotic group
S1 10.1 10.1 10.4 10.0 9.5 10.1
S2 8.3 9.9 10.0 9.3 9.4 8.7
S3 ND 7.9 7.5 8.1 9.7 ND
S4 6.5 9.8 8.5 8.0 7.7 6.6
Sb ND 8.6 8.9 7.6 7.7 6.5
S6 10.2 94 10.7 10.6 9.9 9.8
S7 ND 9.2 10.1 10.1 10.1 9.7
S8 ND 8.7 10.0 9.8 9.9 9.8
S9 9.3 10.0 10.3 10.2 9.7 7.7
Mean + SD 89 +15 93+08 96+11 93=*11 9309 86+ 15
Prevalence® 5/9 9/9 9/9 9/9 9/9 8/9
P
Week 1 vs. other weeks NA .008 .003 .007 .008 .369
Between dietary groups® .045 .001 .000 .000 .000 .000
NOTE. Data are log,, 16S rRNA gene copies/g (wet weight), unless otherwise indicated. NA, not applicable; ND, not detected;

NS, not studied.

@ No. of subjects with specific 16S rRNA genes present/no. of subjects tested.
® The Bonferroni test was used for pairwise multiple comparison of the mean values for the control week and for the other dietary

weeks.

¢ The independent Student's t test was used to compare the mean values between the dietary groups.

synbiotic recipients during the feeding period. During the con-
trol week, B. bifidum was detected in 5 of 9 synbiotic recipients,
compared with only 1 of 9 placebo recipients. However, a sig-
nificant increase in the prevalence and numbers of this species
during synbiotic feeding was observed. Three weeks after the
feeding period had stopped, B. bifidum rRNA genes were still
detectable in fecal samples obtained from 3 volunteers (subjects
S5, S7, and S8) who did not harbor this species in their in-
digenous fecal population.

A significant increase in the number of B. lactis rRNA gene
copies was found during synbiotic feeding, which contrasted
with the infrequent detection of this organism with cultivation
techniques. Moreover, B. lactis rRNA genes were found in 3
fecal samples during week 8 (obtained from subjects S1, S6,

and S8) but not during the control week. There was also a
marked increase in prevalence of B. lactis when placebo feeding
started, and a second set of primers was used to check whether
primer set BlactF/BlactR reacted in a nonspecific way with fecal
DNA. However, the numbers of rRNA gene copies found with
primer set Bflact2/Bflact5 were very similar in each individual

sample (data not shown).

DISCUSSION

This study showed that consumption of synbiotics by elderly
people modified their fecal bifidobacteria communities. B. bi-
fidum and B. lactis TRNA genes were detected by real-time PCR
in all fecal samples during synbiotic feeding. B. bifidum and/
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Table 6.
sets BlactF and BlactR.

Results of real-time PCR quantitation of rRNA gene levels for Bifidobacterium lactis using primer

Prsgers)cgzng Feeding period Postfeeding period
Subject group, subject, statistic week 1 Week 3 Week 4 Week 5 Week 6 Week 8
Placebo group
P1 6.9 6.9 6.8 6.9 8.1 ND
P2 ND ND 7.2 6.4 ND ND
P3 ND 6.5 ND ND 7.5 6.3
P4 ND ND ND 6.9 ND ND
P5 ND 8.7 6.8 7.5 6.9 ND
P6 7.1 6.5 7.3 8.9 7.7 7.5
P7 ND 7.8 ND ND ND ND
P8 ND 6.9 ND ND ND ND
P9 ND 6.1 8.3 NS 6.1 ND
Mean + SD 70+x02 70+x09 73+x06 7309 73+x08 6909
Prevalence® 2/9 7/9 5/9 5/8 5/9 2/9
P for week 1 vs. other weeks® NA 1.000 1.000 1.000 1.000 1.000
Synbiotic group
ST ND 9.6 8.5 8.5 7.4 6.6
S2 ND 8.4 8.7 7.9 8.0 ND
S3 ND 8.9 8.6 7.8 7.7 ND
S4 ND 9.2 8.0 7.7 6.1 ND
S5 8.5 7.6 8.0 7.8 8.0 7.8
S6 ND 8.1 8.8 8.7 7.7 6.7
S7 ND 7.4 8.0 7.7 8.5 ND
S8 ND 7.6 7.9 7.5 8.4 6.7
S9 ND 9.1 9.0 9.0 9.0 ND
Mean + SD 8.5 84 +08 84+04 81+05 79+08 69 =06
Prevalence® 1/9 9/9 9/9 9/9 9/9 4/9
P
Week 1 vs. other weeks NA .000 .000 .000 .000 .740
Between dietary groups® .670 .017 .004 .016 .062 .346
NOTE. Data are log,, 16S rRNA gene copies/g (wet weight), unless otherwise indicated. NA, not applicable ND, not detected;

NS, not studied.

@ No. of subjects with specific 16S rRNA genes present/no. of subjects tested.
® The Bonferroni test was used for pairwise multiple comparison of the mean values for the control week and for the other dietary

weeks.

¢ The independent Student's t test was used to compare the mean values between the dietary groups.

or B. lactis were also found in some volunteers, 3 weeks after
feeding stopped, but not in the control week, indicating that
the organisms not only survived transit of the gastrointestinal
tract, but they persisted in the colonic ecosystem. It has been
reported previously that long-term persistence in the gut of a
B. longum strain could occur, but that it depended on the
volunteer [24]. In other studies that have used different bifi-
dobacterial strains, the probiotics exhibited tolerance to gas-
trointestinal transit but disappeared from the gut after feeding
stopped [25-28].

In contrast to the placebo group, B. bifidum was detected
relatively frequently in the synbiotic recipients during the con-
trol week, but synbiotic consumption increased the counts of
this species significantly. This was particularly evident in in-

dividuals who had, at the beginning of the study, little or no
B. bifidum in their fecal samples, whereas in volunteers with
high initial counts of this organism, no increase was detectable.
This correlates with previous studies that have reported diffi-
culties in increasing initial high numbers of lactic acid bacteria
in the gut by ingestion of probiotics [29, 30].

During the feeding period, B. lactis counts were significantly
lower in placebo recipients than in the synbiotic group, but
the bacterium was detected frequently in the placebo group
using real-time PCR, although there is currently no evidence
that this species is autochthonous to the human gut. Nonspe-
cific reactions of the PCR primers with fecal DNA are an un-
likely explanation for this observation, because 2 different sets
of primers [20, 21] were used to detect the bacterium, and
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similar results were obtained with all of the fecal samples. B.
lactis strains different than the type strain B. lactis DSM 10140
have been previously found in samples of human feces [21,
31], and it is possible that this species has been overlooked in
cultivation studies of fecal bifidobacteria. This notion is sup-
ported by the work described here, in which B. lactis was only
found occasionally by cultivation with selective agars, possibly
because it grew as very small colonies, which made detection
and isolation difficult. It is possible that other dietary sources
were responsible for the presence of B. lactis in the placebo
group, because all volunteers (except for 1 person) stated that
they regularly ate yogurt, and B. lactis can be detected in normal
yogurts that are not explicitly labeled as containing bifidobac-
teria (R. Zink, personal communication).

B. bifidum and B. lactis were detected less frequently with
use of selective agars than with real-time PCR; nevertheless, an
increase in prevalence and cell numbers of B. bifidum occurred
in the synbiotic group. The limitations of cultivation-based
techniques have often been criticized, yet they permit counting
of viable cells, which are the essential component of an effective
probiotic [32]. PCR amplification of chromosomal DNA can-
not distinguish between nonviable and viable cells, and there-
fore, dead bacteria may have been detected using the real-time
PCR approach, leading to overestimations of their population
size [33]. In fecal samples in which B. bifidum and B. lactis
were detected by cultivation with selective agars, cell counts
showed trends similar to the 16S rRNA gene copy numbers
found with real-time PCR (data not shown), but the counts
were, on average, 1 order of magnitude lower. Another reason
why rRNA gene copy numbers were higher than cell numbers
is that rRNA operons vary widely in bacteria, and between 2
to 5 rRNA operons have been found in different species be-
longing to the genus Bifidobacterium [34].

In the present study, volunteers ingested oligofructose to-
gether with the probiotic capsules to improve the transit tol-
erance and adhesion properties of the probiotics [35] and also
to stimulate growth of indigenous bifidobacterial populations
[16, 17, 36]. Apart from B. bifidum cell counts, no major dif-
ferences were found between the 2 volunteer groups with re-
spect to the types of bifidobacterial species isolated. Neverthe-
less, some volunteers in the synbiotic group had higher levels
of B. adolescentis and B. angulatum (data not shown), which
contributed, in part, to the significantly increased total bifi-
dobacteria count. The few reports in the literature on synbiotic
feeding have failed to observe any stimulating effect of pre-
biotics, such as galactooligosacharides [28, 29, 37] or inulin
[38], on bifidobacteria, when given without probiotics. It has
been shown that other bacteria, including staphylococci, en-
terococci, bacteroides, clostridia, and lactobacilli, have the po-
tential to ferment inulin-type fructans [39], and the small but
significant increases in lactobacilli levels with use of the syn-

biotic in this study suggest that other gastrointestinal bacteria
had been utilizing oligofructose.

Fecal bifidobacterial levels were within the range of those
reported previously in elderly people [10, 11]. In contrast to
other studies that used counts of viable organisms, in which
bifidobacteria were detected in only 50%—86% of stool samples
obtained from older people [7, 9—11], we found these organisms
in 100% of the fecal samples using real-time PCR and plate
counts of viable organisms, indicating that the participants of
our study still had relative high levels in bifidobacteria. Old age
is often associated with increased ill health, and it is known
that detrimental changes in the gut microflora are more prev-
alent in hospitalized elderly patients than in older people who
are healthy, whereas increased use of antibiotics in older mem-
bers of the community further contributes to degenerative
changes in the gut ecosystem [6]. However, in this study, the
synbiotic was shown to modify the composition of intestinal
bifidobacterial populations in the healthy elderly volunteers,
demonstrating that it has potential to be of particular benefit
to individuals with more unbalanced gut ecosystems.
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