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Lactobacillus fermentum

Summary

The following probiotic properties of two lactobacillus strains, Lactobacillus plantarum U-14 and Lactoba-
ci|lus fermentum U-5, were studied: antagonistic activity, the activity of acid production, resistance to anti-
biotics, NaCl, bile, alkaline medium, phenol, lysozymic activity (only for L. fermentum), and the effect of the
lyophilization on these properties.

It was determined that both strains of lactobacillus demonstrate antagonistic activity against Salmonella
enteritidis, Staphylococcus aureus, Escherichia coli, Enterococcus faecalis, Candida albicans, Proteus mirabilis
and Pseudomonas aeruginosa. The highest antagonistic activity of L. plantarum and L. fermentum was deter-
mined against the Candida albicans and Pseudomonas aeruginosa strains. Lyophilization increased the
antagonistic activiĘ of L. plantarum against S. enteritidis, E. coli and Proteus mirabilis, but the results were
not statistically reliable. L. fermentum demonstrated weaker antagonistic properties than L. plantarum.
After 6 days of cultivation the total acidiĘ of L. plantarum reached 17I.4+2.73oT, and ptl - 3.49+0.09, while
these parameters in L.fermentum were, respectively, 98.12+7.13'l and pH 4.12+0.31. Lyophilization had no
effect on acid production in L. plantarum while in L. fermentum total acid production decreased by 29.1'^
(P0.05). L. plantarum and L. fermentum were resistant to al| the antibiotics studied with the exception of
imipenem, and in T,. fermentum - linkomycin. The resistance of the strains to the antibiotics remained
unchanged after lyophilization. It was also determined that L. plantarum is resistant to 20,30 and 407o of bile
concentration§, 2 4% NaCl concentra The lyophit the resistance to 0.4oń phenol,
alkaline medium 8.3), and 67. NaCl ntration. L. resistant to all the studied bile
concentrations, 2 and, 4o/o NaCl concentrations, but it has no resistance to pheno| and alkaline mediums.
L. fermentum has no effect either on fhese properties or on lysozymic activity.
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parations are able to improve forage intake in9-I0oń,
in12-160ń - digestibility of nutritive substances (5, 6,
19), to decrease forage expenditure, to increase
weight gain (7 ,15,I7), to improve meat quality and to
decreasę the morbidity with the diseases of the di-
gestive system, A similarly beneficial effect of pro-
biotics on young and adult ruminants was reported by
other authors (3, 4, 18).

The interest in probiotics has greatly increased re-
cently, as they seem to be one of the most important
alternative measures to antibiotics. The antibiotics as
growth stimulators are forbidden and new ways for

Changing the direction to the ecological agricultu-
ral production, with regard to the requirements of the
European Community, growth stimulating and preven-
tive measures, based on the use of antibiotics, are
being rejected. More and more attention is paid to the
natural, ecological, close to the animal organism
preparations.

Forage supplements - probiotic preparations are
considered to be a quite effective measure which is
used in order to improve the physiological functions
of farm animals, to treat disbacteriosis and use as a pre-
ventive measure. It was determined that probiotic pre-



the encouragement of growth and development in cal-
ves are being searched. Traditional ways of treatment
using antibiotics and sulphanilamides are becoming
less and less effective therapeutically as microorga-
nisms are able to get accustomed to these preparations
what causes changes in symbiotic microflora which is
able to ensure not only the normal process of diges-
tion but antagonistic effect against the pathogenic
bacteria. And f,rnally, the accumulation of antibacte-
rial preparations in the organism is observed. Such pro-
duction can be dangerous to the human health (14).
Therefore, new strains of probiotic bacteria, which
could change the antibiotics not only on purpose of
treatment and prevention but also, which could help
to increase the productiviry are required.

The requirements for the bacteria of which the pro-
biotics consist (14):

- the industrial strains should dominate in the inte-
stine ofthe animal taking into account the number and
physiological importance (first of aII Ląctobacterium
and B ifi do b act erium strains) ;

- to distinguish by antagonistic propertięs in vitro
and in vivo andproduce antibiotics and other biologi-
cally active substances;

- to demonstrate the adhesive properties to the cell
walls in the intestine to as high as possible number of
animal species;

- to demonstrate moderate and high activity of acid
production;

- to be resistant to bile, phenol, main antibiotics and
to be able to propagate in acidic and alkaline medium;

- it seems reasonable to combine several strains,
supplementing each other properties and not having
the antagonistic feafures in order to increase the effec-
tivity.

On the basis of these requirements we sfudied some
probiotic properties of L. plantarumU-I  and L. fer-
mentum U-5 and the effect of lyophilization on these
properties with the aim of long-lasting preservation.

Matetial and methods

TWo strains of lactobacillus were used in the experiments:
Lactobacillus plantarum U-14 and Lactobacillus fermen-
tum U-5. L. plantarum was isolated from the vagina of
healthy cow and L. fermentum from the faeces of healthy
calve. These strains were checked as literature data indica-
te according to Gram stain, catalase reaction, cell morpho-
logy and fermentation of carbohydrates with API 50 CHL
test (BioMerieux, France). These strains were cultivated
under microaerophilic conditions. L. plantarum was culti-
vated at the temperature of 30oC and L. fermentum at the
temperature of 37'C for 18-24 hours.

The investigation of probiotic properties.
Antagonistic activity. It was studied against Salmonel-

la enteritidis , Staphylococclls aLtreus , Escherichia coli, En-
terococcus faecalis, Candidą albicans, Proteus mirabilis
and Pseudomonas aeruginosa deflning the length of a non-
-growth area (mm) in the rigid MRS-5 medium. Conditio-
nally pathogenic strains were gained from the Veterinary

Institute of Lithuania. To determine the antagonistic activi-
ty we used 0.5 McFarland density culfures of lactobacilli
and conditionally pathogenic bacteria (CrystalSpec, USA).

The activity of acid production. The method by Kvas-
nikov (9) was used. The strains were cultivated for 6 days.

Resistance to antibiotics by Kirby-Bauer Test. The
following antibiotics were used: erithromycin, linkomycin,
gentamycin, neomycin, kanamycin, vancomycin, colistin,
oxytetracycline, imipenem, ampicillin, nitrofurantoin. In
order to define the resistance to antibiotics were lsed Lac-
tobacillus strains of 0.5 McFarland density (CrystalSpec,
USA).

Resistance to NaCl, bile, alkaline medium, phenol.
Methods of Bannikova were used for this aim (1).

Lysozymic activiĘ. Lysozymic activiĘ was defined only
for L. fermentum, as L. plantarum has no such activity.
L. fermentum was grown on the MRS agar to which dry
Micrococcus lysodeicticł,§ was added. The reaction is con-
sidered to be positive if the transparent area is found
around the L. fermentum colony.

The lyophilization.It was performed by the lyophlliza-
tion equipment GT2 (Leybold-Heraeus, Gerrnany). The
strains were lyophilized in the protective medium, consis-
ting of skimmed milk and 1% glucose (Lachema, Czech
republic). The suspension was poured into sterile glass
flasks in the amount of 5 ml. The suspension was frozen up
to -40'C during the lyophilization, and in the stage of se-
condary drying the temperature was risen up to +30oC. The
residual humidity of the product after the lyophilization was
2-3%. The lyophilized strains were stored in a refrigerator
at the 2-4"C. The content of the flask after the lyophiliza-
tion was re-suspended up to the initial volume. The viabili-
ty was determined before and after the lyophilization with
MRS agar (Liofilchem, Italy) by plate method. This
method was used for quantifying the suruival rates of the
cultures during lyophilization.

The probiotic properlies were studied repeatedly after
the lyophilization and the effect of lyophilization on these
properlies was evaluated. Al1 the results were evaluated
according to the data of three analogous samples quantify-
ing the arithmetic mean. The results were evaluated stati-
stically by the Student's / test (8), with Win Excel program.

Results and discussion
The antagonistic activiĘl of L. plantarum and L. fer-

mentum is presented in fig. 1 and 2. The highest
antagonistic activity of L. plantarum and L. fermen-
tum was def,rned against the strains of Candida albi-
cans, Pseudomonas aeruginosa and Salmonella ente-
ritidis. Inconsiderably lower antagonistic activity was
found against the strains of StaphylococcLts aureLls,
Escherichia coli, Enterococcus faecalis and Proteus
mirabilis. L. plantarumwas distinguished by stronger
antagonistic properties than L. fermentum against aII
conditionally pathogenic culfures studied.

After the lyophilization it was determined that the
antagonistic activity of L. plantarum agatnst S. enteri-
tidis (P < 0.05) increased, against E. coli and Proteus
mirabilis (P > 0.05), remained almost the same,
against S. aureus, Candida albicans and Pseudomo-
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Fig. l. The antagonistic activity of L. plantarum U-l4
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Fig.3. pH changes of L. planturum lJ-l4
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Fig. 2. The antagonistic activity of L. fermentum U-5
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Fig. 4. pH changes of L. fermentum U-5
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Fig. 5. Changes of total acidity in L. plantarum U-|4
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Fig. 6. Changes of total acidity in L. fermentum U-5

nas aeruginosa (P > 0.05) and it decreased against
Enterococcus faecalis (P < 0.001). After the lyophili-
zationdecreased the antagonistic activify of L. fermen-
tum agalnst all sfudied conditionally pathogenic bac-
teria although the results were not statistically reliable
(P > 0.05).

The activity of acid production is given in fig. 3-6.
It was determined during the experiments that total
acidity of L. plantarum aftęr 6 days of cultivation
reached I7I.4 +2.73"T,pH 3.49 + 0.09, and L,fer-
mentum respectively: total acidity 98.I2 + 7.I3"T
and pH - 4.I2 + 0.31.

After the lyophiltzation total acidity of L. planta-
rum ręached 172.4 + 6.91oT, pH - 3.30 + 0.06, but the
difference was not statistically reliable. Total acidity
of L, fermentum aftęr the lyophilization was 78.59
+ 0.91, pH - 4.37 + 0.02. The lyophilization de-
creased total acid productionof L. fermentum tn29,]Yo
(P > 0.05),

Resistance to antibiotics is presented in tab. 1.

L. plantarum was resistalit to all antibiotics studied
with the exception of imipenem to which moderate
sensitivity was found. L. fermentum was sensitive to
linkomycin and imipenem. The resistance of lactoba-
cillus strains to antibiotics after the lyophiltzatton
remained unchanged

Other probiotic properties of lactobacilli are given
in tab. 2. L. plantarum is resistant to 20,30 and 40oń
bile,2 and 40ń NaCl concentrations, and sensitive to
0.4oń phenol, alkaline medium pH - 8.3. After the
lyophtlization was found the resistance of Z. planta-
rum to 6% NaCl concentration, alkaline medium and
increased resistance to 0.4oń phenol was obserrred.
L. fermenturz is resistant to20,30 and 40ońbtle,2 and
4% NaCl concentrations, sensitive to 0.4% phenol,
alkaline medium pH - 8.3, and is distinguished by ly-
sozymic activity. These properties of L. fermentum
remained unchanged.



Antib iotics

L. plantarum U-'l4
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Erithromycin 15 pg'

Lincomycin 2 pg*

Gentamycin 1 0 pg*

Neomycin 30 pg-

Kanamycin 30 llg**

Vancomycin 30 ug**

Colislin 10 pg**

Nitroluranloin 300 pg**

0xytetracycline 30 !g--
lmipenem 10 Ig**

Ampicillin 10 us--
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Tab. 1. Resistance to antibiotics of Z.
L. fermentum U-5

plantarum U-14 and

Explanations: * "Liofilchem" (Italy),** "Bioanalyse" (Turkey),
R-resistant, I intermediate

Tab. 2. The probiotic properties of L. plantarum U-l4 and
L. fermentum U-5

Explanations: + positive reaction, - negatlve reactlon

Tab. 3. Survival rate of Lactohacillus strains during tyophili-
zation

The viability of strains after the lyophilization. It
was determined that the survival percent of L. planta-
rum after the lyophillzation was 69.63Yo, L. fermen-
tum 66.47% (tab.3).

Various species of bacteria are used in probiotics,
including single cultules and mixfures. The most com-
monly used are Bacillus subtilis, B. ceretłs, Entero-
coccus feacium, E. coli, Bifidobacterium, Saccharo-
myces (16). However, the basis of most probiotics is
Lactobacillus.

Lactobacillzs is prevailing species in the digestive
system of calves. The basis of their specific composi-
tion includes the following strains: Lactobacillus aci-
dophillus, L. plantarum, L. casei, L. fermentum, L. sa-
livarius.In the digestive system ofmilk-fed calves they
make up to 60-95% of all microorganisms. When
forage ofplant origin is started to be used, this number
decrease to 25-600ń. The percentage composition of
the bacteria to gręat extend depends on the kind of
forage (2). 103-1Oalg of Lactobacillus are detected in
the small intestine, in the large one 106-1010/9 and
more, in the rumen - 107-101I/9 of the rumen content.

The main pulpose of the probiotics in animal hus-
bandry nowadays is the effect on the weight gain and
the improvement of forage digestibility. Especially
important is the effect on the pathogenic and non-
-pathogenic intestinal bacterial species (1 6).

The use of probiotics has given a great importance
to the banning of antibiotic growth promoters by the
EC. New probiotic bacteria are required which could
replace the antibiotics not only for the purpose of
treatment and prevention but for the increase of pro-
duction as well. The selection of such microorga-
nisms becomes primary important.

We succeeded to determine the probiotic properlies
of two Lactobacilltłs strains, isolated from the healthy
organism of the animal and compared these properties
after the lyophilization, as one possible form of selec-
tion. Because of the stress experienced during the
lyophilization their physiological and biochemical pro-
perties may change and probiotic properties may
strengthen or weaken (2).

One of the most important probiotic properties of
the microorganisms is their antagonistic activity. It is
determined by the excreted by lactobacillus antibiotic
substances bacteriocins (10). Quite important role is
played by the acids produced by lactobacillus. The
strains of studied Lactobacillus arę distinguished by
good antagonistic properties, although the probiotic
properties of L. fermentum aTę weaker. L. plantarum
demonstrates quite strong antagonistic properties
against Salmonella enteritidis, Escherichia coli, Sta-
phylococcus aureus and others. The lyophllization
helped to strengthen antagonistic properties of L. plan-
tarum against Salmonella enteritidis, Escherichia coli,
proteus mirąbilis.

L. plantaruln is distinguished by more active acid
production than L. fermentum. After the lyophiliza-
tion this property of L. plantarum tematned unchan-
ged contrary to L. fermentum where acid production
decreased.

L, planlarum U-14

^^Eły^t aller

L. lermentumU-5

.l after
lyopnlllzall0n

bile 20 %

bile 30 %

bile 40 %

NaGl 2 %

Nacl 4 %

NaCl 6 %

phenol 0,4 % 24 h

phenol 0.4 % 48 h

alkaline medium (pH 8.3)
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LysOzymic aclivity + +

Viability belore lyophilizalion

Viability altet lyophilizalion

Survival rale, %

Re liab ility

3.04 x 109

2.12 x 109

69.63

p > 0.05

2,14 x 109

,l .42 x 109

66.47

p > 0.05



Both strains of Lactobacillus are more sensitive to
imipenem, L. fermentum - to lincomicin. Resistance
of Lactobącillus rods to antibiotics depended on the
strain species and source of its origin. It was determi-
ned by other authors that all strains of Lactobacillus
plantarum were resistant to nalidixic acid, 41.3%o of
strains turned out to be resistant to kanamycin,27,5oń
to colistin, while only 3.4oń to neomycin (11).

It was also determined that Z. plantarum is resistant
to the sfudied concentrations of bile, and under the ef-
fect of lyophilization strengthened the resistancęto 60ń
NaCl concentration, phenol and alkaline medium.
L. fermentun demonstrated the resistance to studied
concentrations of bile, lower resistance to NaCl, it was
not resistant to phenol and alkaline medium, The
lyophilization had no effect on the enzymę produced
by L. fermentum lysozym.

Previous experiments (I2, 13) demonstrated that
L. plantarum and L. fermentum are characterized by
synergetic ęffect. In our opinion, it is advisable to use
these strains of Lactobacillus for the correction of the
microflora andpromotion ofweight gain in calves star-
ting from the very first days after birth. The method of
lyophilization may be used for the long-lasting pręser-
vation of viable strains.
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