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Background. In recent years one may observe increasingly widespread use of products containing probi-
otic bacterial strains. Development of most optimal content of the products is the purpose of many studies searching
for combination of probiotic bacterial strains with high bacterial viability, and for the substances that increase the rate
of bacterial growth. Family practitioners when prescribing probiotics must rely on research indicating the comprehen-
sive and comparative value of commercially offered products.

Objectives. The aim of this study was to investigate the kinetics of bacterial growth in commercially available prod-
ucts containing from 1 to 9 probiotic bacterial strains with or without prebiotic substances.

Material and methods. Bacteria from five tested products were cultivated under anaerobic conditions over 48 hours
and the number of bacterial cells was calculated according to the method of Koch. Statistical analysis of data was
performed using the STATISTICA statistical package program, version 9. Differences were considered statistically
significant when p < 0.05.

Results. The shortest lag phase of microbial growth and the greatest value of CFU was observed for the product
containing the most numerous and diverse bacterial strains with oligofructose added as a prebiotic. The longest lag
phase was noted for the product containing one bacterial strain without prebiotic.

Conclusions. Our results suggest that: (1) under anaerobic conditions the most rapid bacterial growth occurs in
products containing several bacterial strains; (2) prebiotic substance is very effective in increasing the rate of bacterial
growth and maintaining high bacterial viability in vitro.
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Wstep. Rosnace w ostatnich latach zainteresowanie stosowaniem preparatéw zawierajacych bakterie
probiotyczne stato sie podstawa do badan nad poszukiwaniem optymalnego ich skfadu uwzgledniajacego zywotnosé
kultur bakteryjnych, jak i zastosowania substancji nasilajacych wzrost bakterii. Przepisujac preparaty probiotyczne
lekarze rodzinni powinni polegac na obszernych doniesieniach z literatury poréwnujacych wiasciwosci oferowanych
przez rynek preparat6w.

Cel badan. Zbadanie kinetyki wzrostu bakterii w wybranych preparatach zawierajacych 1-9 szczepéw bakterii
z dodatkiem lub bez substancji prebiotycznych.

Materiat i metody. Szczepy bakteryjne z badanych preparatéw hodowano przez 48 godzin w warunkach beztleno-
wych. llos¢ komérek bakteryjnych liczono metoda Kocha. Do obliczer statystycznych uzyto programu STATISTICA,
wersja 9. Za r6znice znamienne statystycznie uznawano wartosci, dla ktérych p < 0,05.

Wyniki. Faza przygotowania byta najkrotsza w przypadku preparatu zawierajacego 9 szczepéw bakteryjnych
z dodatkiem prebiotyku, a najdiuzsza w przypadku preparatu zwierajacego tylko 1 szczep bakterii bez dodatku
prebiotyku.

Whioski. 1. Najszybciej namnazaja sie mikroorganizmy znajdujace sie w preparatach zawierajacych najwieksza roz-
norodnos¢ szczepéw. 2. Na szybko$¢ namnazania sie szczepéw bakteryjnych oraz ich zywotnos¢ korzystny wptyw
wywiera dodatek substancji prebiotycznych umieszczonych w preparatach handlowych.

Stowa kluczowe: probiotyki, prebiotyki, synbiotyki, wzrastanie bakterii, CFU.
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Background

More than 500 different species of bacteria
exist in human bodies, making up more than 100
trillion cells. Intestinal microflora protects the
organism from many environmental pathogens
and is necessary for the proper development and
functioning of the immune system [1, 2]. The
finding that intestinal bacteria beneficially affect
human health was the stimulus for development
and production of commercially available prod-
ucts named probiotics, containing “good bacteria”
and improving human microbial balance. Probiot-
ics are widely used for patients on/after antibiotic
therapy, with lactose intolerance, or with different
types of diarrhea [3]. The optimal and expected
effect of probiotics depends on a dose and time
of use [4], and the minimal daily therapeutic dose
is described as 10°~10° CFU [5]. Increased effec-
tiveness of probiotics is achieved when a specific
substances, prebiotics, are added to the market
products. Prebiotics, the substances that modu-
late microbial growth, are defined as “selectively
fermented ingredients that allow specific changes,
both in the composition and/or activity in the
gastrointestinal microbiota that confers benefits
upon host well-being and health” [6]. Prebiotics
such as fructo-oligosaccharides (FOS) are found in
a diet and affect alimentary tract enhancing, for
example, bacterial short-chain fatty acids produc-
tion, which in turn leads to lowering of pH and
improvement of mineral substances absorption by
intestinal membrane. This is of particular impor-
tance for the patients during/after antibiotic thera-
py to recover and rebuild the balance of beneficial
microorganisms. The most popular prebiotics from
FOS group are oligofructose and inulin, they are
characterized as most effective, with low calorific
value and neutral taste [7].

Functional combination of alive probiotic bacte-
ria with prebiotic substance that works as a kind of
medium for selected microbes is termed synbiotic.
According to available literature and to our study
this combination appears to be the most effective
in increasing the number of “good” bacteria ca-
pable of colonizing gastrointestinal tract [8].

In recent years numerous studies on individual
probiotic bacterial strains have been carried out to
evaluate functional benefits of their activity in gas-
trointestinal tract [9—12]. So far, however, there are
limited publications describing pro- and synbiotic
products as a whole, without preparation of par-
ticular components.

It should be emphasized that probiotics and
synbiotics demonstrate variations in properties
which are due to differences in quantity and qual-
ity of probiotic species (different number and/or
different bacterial strains, and prebiotics added).
Because patients use probiotics and synbiotics as

a whole product, it seems to be obvious that micro-
biological tests comparing market products in that
form should be conducted to give an indication for
family practitioners which product is best for their
patients. Investigation of the kinetics of bacterial
growth in vitro is a reliable method determining
bacterial proliferative activity reflecting their abil-
ity to reproduce and survive. This, in turn, may
influence the ability to colonize gastrointestinal
tract. Proposed experimental design appears to be
reasonable because the method takes into consid-
eration possible interactions between respective
bacterial strains and additional substances working
as a prebiotics in tested product, moreover anaero-
bic conditions of cultivation accurately reflect in
vivo conditions found in the colon.

Obijectives

The purpose of the study was to evaluate ki-
netics of bacterial growth in selected pro- and
synbiotics containing: (1) single bacterial strain, (2)
combination of bacterial strains, (3) probiotics with
prebiotic substance(s).

Material and methods

The 5 different types of commercially avail-
able products were used in the present study.
The content of tested material presents Table 1.
Because trade names are not presented, each
examined product is assigned to the number in
Table 1.

All tested products were stored according to
the manufacturer’s recommendations. The experi-
ment was conducted according to the own method
designed for this study. Growth kinetics of bacterial
strains were estimated using CFU value for tested
bacterial cell cultures.

1. Bacteria from tested commercial products were
suspended in 100 mL of liquid MRS medium.

2. Bacteria were incubated in 37°C under an-
aerobic conditions using anaerobic chamber
(GENbag anaer; Bio Merieux) over 48 hours.

3. Asample of T mL of incubated suspension was
taken every 8 hours and according to the serial
dilution method of Koch and the amount of
bacterial inoculum was measured.

Statistics

Values are expressed as means +SD. Statistical
analysis of data was performed using the STATIS-
TICA statistical package program, version 9. Differ-
ences were considered statistically significant when
p < 0.05.
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Table 1. Tested products
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No. | Tested products Types of bacterial strains | Amount of bacteria declared by
in tested products manufacturer (CFU)
1. Synbiotic containing 9 bacterial strains and | Lactobacillus rhamnosus 4.5x10°
oligofructose as a prebiotic, encapsulated | Lactobacillus casei
according to the MURE technology Lactobacillus plantarum
Lactobacillus Helvetius
Lactococcus lactis
Bifidobacterium longum
Bifidobacterium bifidum
Bifidobacterium breve
Streptococcus thermophilus
2. Probiotic containing Lactobacillus rhamnosus 2 x10°
1 bacterial strain;
encapsulated in traditional capsule
3. Probiotic containing Lactobacillus acidophilus
3 bacterial strains; encapsulated in gelatin | Lactobacillus bulgarius 1.6 x 107
capsule Bifidobacterium animalis
4. Probiotic containing Lactobacillus rhamnosus 2 x10°
2 bacterial strains Lactobacillus helveticus
5. Synbiotic containing 2 bacterial strains and | Lactobacillus acidophilus 2x10°
inulin and oligofructose as a prebiotic Bifidobacterium animalis

Results and discussion

Because interest in probiotic use has grown
recently, family practitioners should stay up-to-
date by reading new studies that produce new
recommendations. To make a proper choice and to
prescribe most effective probiotic for particular dis-
order, family practitioners should be familiar with
some basic facts about probiotics, and also should
recognize that clinical recommendations are based
on studies examining specific probiotic strains, their
microbiologic and functional characteristics, kinet-
ics of bacterial growth and bacterial viability.

Comparative studies on the available probiotic
products should describe the differences in qual-
ity and quantity of the probiotic content and their
therapeutic value, which is related mostly to the
bacterial viability and colonizing properties in the
gastrointestinal tract. The final effect of probiotic
product depends on quantity and combination of
bacterial strains found in it.

To meet the consumer demands Polish phar-
maceutical market offers variety of drugs or diet
supplements containing pro-, pre- and synbiotic
substances. The final doctor’s and patient’s choice
depends on many factors including price and effec-
tiveness of particular products [13-16]. To evaluate
the optimal content of market products more inde-
pendent studies are necessary to be conducted.

Considering that a wide range of substances
are commercially available, our study compared

kinetics of bacterial growth in five of them and
tested products were analyzed as a whole, with-
out preparation of particular components, which
means in a form ready to be used by the consumer
and, obviously, in a form prescribed by the family
practitioner.

It is well known that many important biologi-
cal attributes may affect individual growth rates of
the microbial strains and the mutual interactions
or influences among species in mixed populations
[17]. The model of current study includes possible
interactions between respective cultures of probi-
otic bacteria and additional prebiotics.

Stationary culture conditions provide five phases
of bacterial growth: (1) lag phase — bacteria adapt
themselves metabolically to the new conditions
of growth, (2) log or exponential phase — bacteria
undergo rapid reproduction, cell doubling occurs
every few minutes, (3) declining phase — because
of depletion of nutrients and accumulation of waste
products bacterial reproduction slows, (4) station-
ary phase — the number of alive bacteria is constant
and death rate equals the growth rate, (5) death
phase — when the death rate is greater than the
growth rate and all nutrients are exhausted [18].

Our experiment compared microbial growth in
five commercially available products that contain
from 1 to 9 bacterial strains.

The kinetics of bacterial growth are summa-
rized in Table 2. Figures 1-5 present the curves
of bacterial growth for particular tested products.
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Table 2. Kinetics of microbial growth during 48 hrs of incubation expressed in log;o CFU ml

Tested 0h 8h 16 h 24 h 32 h 40 h 48 h
product

1 7.58x0.04 7.57x0.03 8.02x0.06 8.71x0.05 9.65+0.06 9.64+0.04 9.64+=0.05
2 6.95+0.04 6.95+0.03 6.95+0.04 7.41+0.03 7.92+0.05 8.42+0.04 8.31+0.03
3 7.04£0.03 7.05x0.05 7.06=0.04 7.23x0.04 7.53£0.03 7.92x0.02 8.30x+0.04
4 7.06=0.05 7.03+0.02 7.07+0.03 7.24+0.03 7.54+0.03 8.21+0.05 8.17x0.04
5 7.00=0.03 7.05+0.03 7.06=0.04 7.22+0.03 7.52+0.02 7.93+0.04 7.89+0.03

substance. The longest lag phase was noted for
ZZ H & ¢ the product containing one bacterial strain without
0t St prebiotic. This finding may indicate the greatest vi-
02 ability of bacteria from Product No 1 and, in turn,
%0 best possible capacities of that product to colonize

2 88 & gastrointestinal tract.

E - In this study we have investigated the bacterial
0 ability to reproduce according to different combi-
60 & nation of bacterial strains in tested products. Based
78 on our results CFU did not reach the value declared
76 G Ii by the manufacturers in all tested products. This
:: may result from the different culture medium (we

0 8 16 24 32 40 48

used MRS liquid medium) and/or from the differ-
ent storage conditions in a period between the
end of product manufacturing and beginning of
the cultivation procedures. The smallest difference
between obtained and declared values of CFU was
found for the Product No 1.

The results of present study showed that the
Product No 2 containing only one bacterial strain

Time of incubation [hrs]
Czas inkubacji [godz.]

Figure 1. Growth curve of probiotic bacteria in product

No 1. CFU - Colony Forming Unit; Time reflects the
time of incubation

We have observed particular phases of bacterial
growth under stationary anaerobic conditions and
noticed the shortest lag phase for the Product No

(Lactobacillus rhamnosus) exhibited the lowest rate
of bacterial reproduction, while in Product No T,
that includes nine bacterial strains and prebiotic,

1, containing nine bacterial strains with prebiotic bacterial growth was very rapid and achieved the

88 Figure 2. Growth curve of probiotic bacteria in product No 2.
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Figure 3. Growth curve of probiotic bacteria in product
No 3. CFU - Colony Forming Unit; Time reflects the time of
incubation
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Srednia + 1,96 * Odch. std.

Figure 4. Growth curve of probiotic bacteria in product
No 4. CFU - Colony Forming Unit; Time reflects the time of
incubation

Srednia
Srednia + Odch. std.
Srednia + 1,96 * Odch. std.

Figure 5. Crowth curve of probiotic bacteria in product
No 5. CFU — Colony Forming Unit; Time reflects the time of
incubation

Srednia
Srednia + Odch. std.
Srednia + 1,96 * Odch. std.
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greatest value. These findings confirm the reports
that growth and cell-cell interactions, may play an
important role in modifying the population dynam-
ics of bacteria [19] and show that particle like oli-
gofructose, which works as a prebiotic to maintain
high bacterial viability in the gastrointestinal tract
[20, 21] is very effective in vitro. Moreover, one
may speculate that probiotics containing more than
one bacterial strain may be more effective in bacte-
rial growth and development because of possible
synergistic mechanisms.

must first survive in the gastric juice and then resist
the effects of bile acids.

The effectiveness of probiotics in competitive
inhibition of pathogenic microbial growth depends
among others on their content, which in turn re-
flects viability and metabolic activities of probiotics
[21, 22]. Testing kinetics of bacterial growth our
study indirectly suggests that the best expected
effect may be achieved when the preparation is
reach in a variety of probiotic bacterial strains and
additionally contains prebiotics.

571

Many reports indicated that there is poor sur-
vival of probiotic bacteria in commercially offered
products when administrated to the human gas-
trointestinal system. Interestingly, we have noticed
that Product No 1, which showed the greatest rate 1.
of microbial growth, was equipped with modern
capsule made according to the MURE technology
(Multi Resistant Encapsulation). This is an additional
and important benefit of Product No 1, since be- 2.
fore reaching the intestinal tract, probiotic bacteria

Conclusions

Under anaerobic conditions of cultivation the
fastest growth rate and the greatest value of CFU
is observed for the bacteria found in probiotic
products that contain numerous mixed strains.
Prebiotics strongly enhance microbial reproduc-
tion and growth.
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