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In recent years the incorporation of probiotic bacteria
into foods has received increasing scientific interest for
health promotion and disease prevention. The safety
and probiotic properties of Zymomonas mobilis CP4
(UFPEDA-202) was studied in a Wistar rat model fed
the 10° colony forming units (cfu)/mL™ of the assayed
strain for 30 days. No abnormal clinical signs were
noted in the group receiving viable cells of Z. mobilis
and water (control) during the period of the experiment.
There were no significant difference (p > 0.05) in feed
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intake and weight gain among mice fed the Z. mobilis in
comparison to the control group. No bacteria were
found in blood, liver and spleen of any animals. Mice
receiving Z. mobilis showed significantly differences (p <
0.05) in total and differential leucocytes count, excepting
for neutrophils, after the experimental period.
Otherwise, it was not found in control group.
Histological examination showed that feeding mice with
Z. mobilis caused no signs of adverse effects on gut, liver
and spleen. From these results, Z. mobilis CP4
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(UFEPEDA-202) is likely to be nonpathogenic and safe
for consumption, and could have a slight modulating
effect on immunological performance in mice.

In recent years there has been a steadily increasing
community interest in health promotion and disease
prevention, and one specific approach attracting increasing
interest amongst consumers and the food industry has been
the incorporation of probiotic bacteria into foods (Montesi
et al. 2005). According to FAO/WHO (Fuller, 1989),
probiotics are “live microorganisms which when
administered in adequate amounts confer a health benefit
on the host”.

Therefore, the generally recognized as safe (GRAS) status
of newly isolated organisms with no previous history has to
be confirmed by safety studies using target animals prior to
being incorporated into feed products (Conway, 1996;
Collins et al. 1998; Zhou et al. 2000). No general guidelines
for the safety assessment of a novel probiotic strain exist at
this stage, and the type of tests that should be included has
warranted a much debate (Saarela et al. 2000). More recent
studies have promoted probiotic specific safety evaluation
criteria, especially the infectivity, metabolic activity and
immune function of a probiotic strain (O’Brien et al. 1999;
Huang et al. 2003).

Zymomonas mobilis is a Gram-negative, facultative
anaerobic bacterium that ferments glucose, fructose, and
sucrose as carbon sources (Viikari and Berry, 1988). These
carbohydrates are metabolized via the same biochemical
route, the Entner-Doudoroff pathway. Z. mobilis are rods 2-
6 pm in length and 1-1.5 pm in width, flagellated but lack
spores or capsules and growing in a pH range of 3.4-7.5
(De Paula et al. 2008). Z. mobilis at 10° colony forming
units per mL (cfu/mL) has already been previously studied,
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and its antagonistic effects in vitro and in animal model
against bacteria, fungi and protozoa are known (Lima,
1958; Lima et al. 1969; Souza and Souza, 1973; Santos et
al. 2004), however its mechanism remains to be found.

Still, Z. mobilis has received a current attention due to its
capability to produce the exopolysaccharide levan for a
large scale (Bekers et al. 2002; Oliveira et al. 2007). Levan
have a wide variety of applications and can be used in
medicine as a hypo-cholesterol (Yamamoto et al. 1999),
antitumor (Calazans et al. 1997), immune modulator (Yoo
et al. 2004) and anti-inflammatory agent (Vigants et al.
2001).

This study was undertaken to evaluate the probiotic
properties and safety of Z. mobilis CP4 (UFPEDA-202) in a
rat model regarding, i) measurement of general health; ii)
hematological parameters; iii) histological examination, and
iv) bacterial translocation. To our knowledge, the probiotic
potentiality and safety of Z. mobilis CP4 (UFPEDA-202)
has not been assessed to date.

MATERIALS AND METHODS
Microorganism

Zymomonas mobilis CP4 (UFPEDA-202) gently supplied
by Microorganism Collection, Department of Antibiotics,
Federal University of Pernambuco (Recife, Brazil) was
used as control positive in this study. The strain was kept
on Standard Swings and De Ley - (glucose 20.0; yeast
extract 5.0; agar 15 g L") (Swings and De Ley, 1977) under
refrigeration. For experimental assays the strain was grown
in SDDL broth (glucose 20.0; yeast extract; 5.0 g L™) at
30°C for 48 hrs. The number of viable cells (cfu/mL) was
determined by the agar plate method using Schreder agar
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Figure 1. Average of weekly feed intake of mice orally fed the Z. mobilis CP4 (UFEPEDA-202) (daily dose of 10° cfu/mL) or

waterfor 30 days (o: control; m: treatment).
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Table 1. Feature of general health appearance score (Shu et al. 1999).

General health appearance Score
Mouse bright-eyed alert, has a smooth coat with a sheen, responds to stimulus, shows 1
interest in its environment
Fur slightly ruffled, a loss of sheen to the coat, mouse remains alert and active 2
Fur noticeably ruffled, parts of coat from clumps, mouse not as alert or active, less 3
interested in environment outside of cage, signs of hyperventilating when handled
Mouse hunched over and sleepy, little interest shown in environment, fur clumped 4
Mouse non-reactive to stimulus, fur has a “bottle brush” appearance, i.e., standing on 5
end, mouse hunched over preferring to sleep rather than react to environment, mouse
cold to touch, paws are cold to touch

(MgS0,4.7H,0 0.5; (NH;)SO4 1.0; K,HPO, 1.0; yeast
extract 1.0; sucrose 20; agar 15 g L™ incubated for 24 hrs
at 30°C (Swings and De Ley, 1977).

Animals

In this study, 40 (five week-old) male Wistar mice (Rattus
novergicus) bred at the Animal Production Division,
Department of Antibiotics, Federal University of
Pernambuco (Recife, Brazil) were chosen regarding
immunity, infection and health general aspects. Mice
included in this study were born to normal, healthy
mothers, and were given access to normal rat chow until
weaning. Animals were divided at random into two groups
(n: 20), one for each treatment. Animals were housed at
controlled temperature (23 + 2°C) with a 12 hrs light/dark
cycle and were offered standard diet (moisture 13; raw
protein 23; fat 4; ashes 10; fiber 5; calcium 1.3; phosphorus
0.85 ¢.100 g*) and water ad libitum. Experimental
protocols including the use of animals were according to
the procedures described by National Institute of Health
Guide for Care and Use of Laboratory Animals - USA
adopted by “Comissdo em Etica and Experimentacio
Animal - CEEA” of the Federal University of Pernambuco
(Recife, Brazil).

Experimental design

Double-blind experimental design included two treatments:
I) probiotic treatment: mice were daily fed the 1 mL of Z.
mobilis suspension (10° cfu/mL) in sterile distilled water
daily + standard diet for thirty days; Il) non-probiotic
treatment: mice were daily fed the 1 mL of sterile distilled
water daily + standard diet for thirty days. For
administration of Z. mobilis new feed stocks were
generated each day in SDDL broth and their viability
monitored by the viable cell count using Schreder agar.

Animals were euthanized humanely by an overdose of
isofluorane after 30 days of treatment for determining
bacterial translocation and to histological examination.
Haematological analysis were performed before (zero time)
and after thirty days of feeding treatment.

Measurement of general health

The general health appearance of the mice was daily
monitored using a score system of 1 to 5 (Table 1). Feed
intake and body weight were recorded once a week.
Occurrence of diarrhea and vomiting was monitored daily.

Bacterial translocation assays

A 1 mL of blood was collected by cardiac punctureand
added to 10 mL of sterile SDDL broth for 48 hrs at 37°C.
Tissue samples of spleen and liver were aseptically
collected into a set 5 mL sterile tubes containing 3 mL of
SDDL broth and incubated for 24 hrs at 37°C. After that, a
0.1 mL was plated on selective Schreder agar for 48 hrs at
37°C for count of Z. mobilis. At the end of the incubation
period, plates were observed and the results were expressed
as positive (presence of bacteria on plates) or negative
(absence of bacteria on plates) bacterial translocation.

Histological examination

Tissue samples of liver, spleen and gut were aseptically
collected, washed in sterile NaCl (0.85 g 100 mL™) and
fixed in neutral buffer formalin (10 g 100 mL™) for 48 hrs.
Thereafter, samples were dehydrated in alcohol, cleared in
xylene and embedded in paraffin wax. Six sections (4 um
thick) from each organ were cut and stained by
hematoxylin and eosin (Thermo Shandon, 1527, USA). The
slides prepared with synthetic resin (Entellan-Merck) were
observed under light microscopy up to 100 x.
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Figure 2. Cumulative specific average of weight weekly gain of mice orally fed the Z. mobilis CP4 (UFEPEDA-202) (daily dose

of 10°cfu/mL) or water for 30 days (o: control; m: treatment).

Total and differential leukocyte count

From previously anesthetized animals using ethylic-alcohol
a 100 L of blood was taken using sterile 2 mL syringes
rinsed first with EDTA (2.7 g 100 mL™). The blood aliquot
was put in Eppendorf tubes coated with 20 uL of EDTA
(2.7 g 100 mL™). Total and differential leukocyte count was

performed at the Laboratory of Clinical Analysis,
Department of Pharmacy, Federal University of
Pernambuco (Recife, Brazil) according to standard

haematological procedures.
Statistical analysis

Statistical analysis was carried out by analysis of co-
variance (ANCOVA) to determine significant difference (p
< 0.05) between the data sets. For this, was used the
Statistical Package for Social Sciences version 11.0.

RESULTS AND DISCUSSION

Data on feed intake of mice receiving 10° cfu/mL of viable
cells of Z. mobilis CP4 (UFEPEDA-202) or water are
shown in Figure 1. There was not statistical difference (p >
0.05) for feed intake for mice receiving viable cells of Z.
mobilis or water. Data on the average weight gain of mice
receiving 10° cfu/mL of viable cells of Z. mobilis CP4
(UFEPEDA-202) or water for 30 days are shown in Figure
2. Statistical analysis revealed no significant difference (p >
0.05) in weight gain between groups submitted to the
different treatments.

Trials investigating some potentially probiotic bacteria
strains did not detect enhanced growth performance of mice

with enriched diet (Zhou et al. 2000). With regard to the
growth-stimulating effects of probiotic bacteria, some
authors have reported that a probiotic response is more
likely to be obtained in situations involving negative stress
of some kind (Thomke and Elwinger, 1998). Research
exploiting the availability of malnourished murine models
has also demonstrated the beneficial effects of
administering probiotics in preventing stress-related weight
loss (Perdigon et al. 1995).

Throughout the experiment mice appeared to be healthy,
inquisitive and active. It was also indicated by their food
intake, weight gain and general appearance. No illness or
death occurred and there were no signs of gastrointestinal
upsets including diarrhea or vomiting. The mean general
health score did not differ significantly between mice fed
the Z. mobilis and non-fed (control) (data not showed).

These findings are consistent with previous studies which
in addition for noting no difference in feed intake and
weight gain reported the occurrence of no adverse clinical
signs in probiotic-fed mice (Shu et al. 1999, Zhou et al.
2000).

Data on the total and differential leukocytes average count
of mice receiving 10° cfu/mL of viable cells of Z. mobilis
CP4 (UFEPEDA-202) after thirty days of feed are shown in
Table 2. Treated group showed statistical differences (p <
0.05) in total and differential leucocytes count after
receiving Z. mobilis for 30 days, excepting for neutrophils.
Otherwise, it was only found for eosinophils and
monocytes in the control group. Some studies have shown
that probiotic bacteria can have positive effects on the
immune system of their host (Blum et al. 1999; Gill et al.
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Table 2. Average count of total and differential leukocytes of mice orally fed the Z. mobilis CP4 (UFPEDA-202) (daily dose of

10°cfu/mL) and water (control) during 30 days.

Average
Standard deviation Significance
Leukocytes (DO - D30)
Control Treatment Control Treatment Control Treatment

Total leukocytes 1030.00 1630.00 1902.659 2279.401 0.082 0.050
Neutrophils -277.70 - 254.80 1463.745 945.281 0.370 0.416
Eosinophils -107.60 -110.50 137,726 132.016 0.036 0.027
Linphocytes 890.20 1631.40 1305.134 1954.387 0.073 0.027
Monocytes 344.50 363.90 151.329 134.651 0.000 0.000

DO: day zero; D30: day thirty

2000). However, differences between different probiotic
bacteria in respect to their immunomodulatory effects have
been also observed (Médici et al. 2004). The
immunomodulation mediated by probiotic strains is
expected to be not linked to an inflammatory response or
general modification of immune responsiveness that could
potentially have harmful effects, but to be rather associated
with transient alterations beneficial to the consumer
(Saarela et al. 2000).

Infectivity and pathogenicity are two important components
in safety studies on probiotic bacteria. Increase in
peripheral blood neutrophils is useful indicator of bacterial
infection (Zhou et al. 2000). In this study it was not
detected higher levels of neutrophils in mice receiving Z.
mobilis CP4 (UFEPEDA-202) for thirty days. These results
could suggest that mice experienced no infection resulting
from the treatment with this strain.

Histological examination (toxicological effects) showed
that feeding mice with Z. mobilis CP4 (UFEPEDA-202)
caused no signs of inflammation, degeneration or necrosis
of the intestinal mucosa. Macroscopic examination did not
reveal any obvious differences in the size and appearance
of visceral organs between each experimental group. No
hepatomegaly or splenomegaly was noted (data not
showed).

No viable cell of Z. mobilis CP4 (UFEPEDA-202) was
detected from blood, spleen and liver sample taken from
animals of the two experimental groups, which indicates
absence of bacterial translocation (data not showed). These
findings suggest that feeding mice with Z. mobilis did not
result in  extra-intestinal ~ dissemination.  Bacterial
translocation refers to the phenomenon in which the

intestinal bacteria pass through the mucosal epithelium to
be transported to the lamina propria, mesentery lymph
nodes and other organs, and may further cause
bacteriaemia, septicaemia and even multiple organ failure
(Berg, 1992). Translocation is an indicator of potential
pathogenicity for most obligate and facultative pathogens
(Zhou et al. 2000).

Safety is the most important criterion for selection of new
probiotic strains, and there has been considerable debate on
appropriate safety testing for new probiotic strains
proposed for human consumption (Saarela et al. 2000). Of
the safety criteria currently proposed for probiotics, the
absence of pathogenicity and infectivity is regarded as the
most important factor for consideration (Conway, 1996;
Huang et al. 2003). In our study, to test the pathogenicity
and infectivity of Z. mobilis CP4 (UFEPEDA-202),
recommended safety testing was undertaken, including
measurement of bacterial translocation to blood and extra-
intestinal organs, and the occurrence of histological
alteration in tissues.

These results suggest that strain of Z. mobilis CP4
(UFEPEDA-202) is likely to be nonpathogenic and safe for
consumption, and could have a slight beneficial effect on
immunological performance in mice. Still, it supports the
purpose for continuing researches focusing on the use of
this strain for health-promoting purpose by the formulation
of functional foods.
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