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ABSTRACT

The conservation of probiotic products requires low temperatures and suitable equipment that are
less available in developing countries. The challenge today is to find a local food matrix that can
also carry probiotics (microorganisms with benefits for consumers) in the gastro-intestinal tract. The
study mainly focus in the current research was to study the use of honey as a food matrix to carry
probiotics in treating the cardiovascular disease, hypercholestreolemia. Thus, this study aimed to
assess the viability of Lactobacillus plantarum 29V and its in vivo hypocholesterolemic properties
when contained in honey. The strain L. plantarum 29V was added in pasteurized honey and was
studied its viability in honey and its impact on the physicochemical parameters of honey.

For in vivo studies, 0.5 mL of the pasteurized honey containing approximately 10® CFU/mL of L.
plantarum 29V were administered to rats fed on a cholesterol-enriched diet (control diet+ pure
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cholesterol solution (0.04 g/mL) per day per rat) using a feeding syringe; the treatment lasted 4
weeks. Serum lipids were analyzed during the experiment. The results have shown that the probiotic
strain L. plantarum 29V can survive in honey for 28 days without affecting the honey’s qualities.
Even present in honey, this strain continues to lower serum total cholesterol, (VLDL +LDL)-
cholesterol and triglycerides levels of hypercholesterolemic rats. In addition, HDL-cholesterol levels
significantly increased, and the atherosclerosis index was significantly lowered. The present study
revealed that honey could be used as a food matrix to carry the probiotic Lactobacillus plantarum
29V strain very well into the gastro-intestinal tract. Hence, a probiotic formulation made of
pasteurized honey and L. plantarum 29V would be used to treat or prevent hypercholesterolemia if

these effects are confirmed in Human beings.

Keywords: Viability; Lactobacillus plantarum 29V; honey; and hypocholesterolemia.

1. INTRODUCTION

Cholesterol is a lipophilic molecule that is
essential for human life. It has many roles that
contribute to normally functioning cells. For
example, cholesterol is an important component
of the cell membrane. It contributes to the
structural makeup of the membrane as well as
modulates its fluidity. Cholesterol functions as a
precursor molecule in the synthesis of vitamin D,
steroid hormones, and sex hormones [1].

Cholesterol plays a detrimental role in the
pathogenesis of atherosclerosis and
cardiovascular diseases (CVDs) [2]. CVDs

are the major cause of death globally, taking an
estimated 17.9 million lives each vyear. [3].
Hence, the WHO has predicted that by 2030,
cardiovascular diseases will remain the leading
causes of death, affecting approximately 23.6
million people around the World [4]. Medicinal
treatments exist (fibrates, inhibitors of the 3-
hydroxy-3-methylglutaryl coenzyme A
reductase); but they are expensive and have side
effects [5]. A safe alternative approach to fight
against CVDs is the use of probiotics (beneficial
live microorganisms) such as lactic acid bacteria
(LAB) with active bile salt hydrolase (BSH).
These microorganisms with active BSH can be
conveyed in the gastrointestinal tract (GIT) via
food matrices in order to lower cholesterol levels
through interaction with host bile salt metabolism
[6]. Fermented dairy products such as yogurt,
cheese, and infantile formulae milky, constitute
one of the most effective means of conveying
probiotics lactic bacteria into the gastrointestinal
tract. However, these products are not easily
accessible by the rural populations of developing
countries and require specific equipment for their
conservation. Thus, it would be judicious to find
local foods able to convey the probiotics, easily
accessible by everybody and easy to preserve in
our environment. The strain Lactobacillus
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plantarum 29V was isolated from raw milk in the
locality of Fongo-Tongo in West-Cameroon [7].
Moreover, Sieladie in 2012 showed that this
strain of Lactobacillus plantarum 29V has an
interesting hypocholesterolemic effect in Wistar
rats when it is administered by oral force-feeding.
However, the ability of this strain to lower
cholesterol levels when it is carried in GIT by a
food matrix has not been worked out as yet [8].
Prebiotics are substances which cannot be
digested by pathogenic microorganisms and
thereby selectively enhance the development of
probiotics. Honey being an exceptional source of
such prebiotic oligosaccharides (fructo- and
galacto- oligosaccharides) could be used to
produce non-dairy probiotics formulations.
Moreover, honey is a natural food consumed by
humans since many centuries by almost all
civilizations due to its rich nutritional and
therapeutic values. It remains stable at room
temperature for long time [9]. Hence, this present
work consists of studying the
hypocholesterolemic effect of L. plantarum 29V
strain contained in honey. To achieve this
objective, L. plantarum 29V was added firstly in
the pasteurized honey and its viability in honey
was studied. The impact of the strain on the
physicochemical parameters of honey was also
evaluated. After that, were assessed the effects
of the ingestion of a formulation made of
pasteurized honey and L. plantarum 29V on the
lipidic profile of Wistar rats fed on a cholesterol-
enriched diet.

2. MATERIAL AND METHODS
2.1 Microorganism

The strain Lactobacillus plantarum 29V used in
the study was obtained from the stock culture
collection of our Research Unit of Biochemistry,
Food Science and Nutrition (RUBPMAN) of the
University of Dschang. This strain was isolated
from raw cow milk in the western highlands of




Cameroon and identified as Lactobacillus
plantarum  based on  physiological and
biochemical characteristics (using API 50 CHL
kits, BioMérieux, Marcy I'Etoile France) and rep-
PCR genomic fingerprinting [7]. Lactobacillus
plantarum 29V strain was maintained as
frozen stocks at - 20 °C in MRS broth (Biolife®,
Milano, ltaly) supplemented with glycerol (30%
v/v) and propagated twice (1% inoculum) in MRS
broth for 14 — 16 h at 37 °C before experimental
use.

2.3 Assessment of the Viability of

Lactobacillus plantarum 29V in
Honey
2.3.1 Preparation of Honey Samples,

Inoculation, and Storage

In this study, was used a wild polyfloral honey
sample, procured from a local beekeeper of the
sudano-guinean zone of West-Cameroon. It was
obtained by draining the honey after manually
uncapping the comb frames, and pasteurized at
63 °C for 30 min.

The growth of Lactobacillus plantarum culture in
MRS broth was monitored using a
spectrophotometer (UNICO UV-2000 UV/Vis
Spectrophotometer). At the early stationary
growth phase, bacterial cells were harvested by
centrifugation (4,000xg, 10 min, 4 °C). The pellet
was then washed twice with 0.01 mol/l potassium
phosphate buffer with pH 7.0. The cells’ pellet
was suspended in 100 mL sterile potassium
phosphate buffer 0.01 mol/L and stored at - 20
°C until used. The viable cell count of this
suspension was determined by enumeration on
MRSCys-HCI agar plates at 37 °C for 48 h. 120
pL of this suspension (~ 2x 108 CFU/mL) was
introduced into 100 mL of honey and
thoroughly homogenized. Noninoculated honey
samples were used as the control. Inoculated
and non-inoculated honey samples were stored
at 25 °C (room temperature) and 4 °C for 28
days.

2.3.2 Enumeration of Cell Viability of the
Strains in Honey

From the inoculated honey samples, an aliquot of
10 mL was taken after every 7 days for the
viability assessment. For this, tenfold serial
dilutions were done in 0.1% peptone water
while homogenizing by vortexing, followed by
viable cells count using MRS agar. The
plates were incubated anaerobically at 37 °C for
48 h.
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2.3.3 Honey Samples and Physicochemical
Analyses

Some physicochemical characteristics of honey
samples were evaluated. The moisture was
determined using the IUPAC method [10]. The
pH was measured by pH meter in a solution
containing 1 g of honey sample in 20 mL of
distilled water according to the Association of
Official Analytical Chemists [11]. For the
determination of free acidity, the harmonized
method of the International Honey Commission
was used [12]. The total carbohydrate content of
honey samples was estimated by the phenol
sulfuric acid method at 480 nm. Reducing sugars
in honey samples were estimated by Dinitro
Salicylic Acid (DNSA) method at 530 nm.

2.4 Experimental Animals

A total of thirty-six (36) adult male Wistar rats
(mean body weight 160-165 g) were procured
from the animal house of the Department of
Biochemistry at the University of Dschang where
the room temperature was 22-25 °C. The
animals were divided into six homogeneous
groups comprising six animals each one and
maintained under a constant 12 h light-12 h dark
cycle.

The basic composition of the experimental diet is
shown in Table 1. Animal diets were formulated
according to Telefo [13].

Table 1. Food composition in g/100 g of flour

Constituents g/100g
Corn flour 67.8
Soya beans flour 20
Fish flour 10
Bone powder 1
Kitchen salt 1
Groundnut oil 0.1
Multi vitamins complex 0.1

2.5 Feeding Schedule

Rats were acclimatized for one week to remove
the effect of stress experienced by the animals
due to separation from the main stock and to
become accustomed to the testing diet. At the
end of the adaptation period, all the groups were
fed on their assigned experimental diets for the
next four weeks. During the entire period of
experimentation, the rats had free access to
water and control diet. Body weight was
measured weekly.
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Table 2. Experimental Groups and feed rations received per day

Groupes Traitements

CcDh Control diet

ChCD Pure cholesterol solution (0.04 g/mL) using feeding syringe + Control diet

29VCD 0.5 mL of Lbp 29V (approximately 10° ufc/mL using feeding syringe + Control
diet

ChFCD Pure cholesterol solution (0.04 g/mL) + 0.5 mL of probiotic formulation (honey
solution 100 % (v/v) containing approximately 108 CFU/mL of L. plantarum
29V) using feeding syringe + Control diet

ChHCD Pure cholesterol solution (0.04 g/mL) + 0.5 mL of honey using feeding syringe
+ Control diet

ChACD Pure cholesterol solution (0.04 g/mL) + atorvastatin (10 mg/Kg) using feeding

syringe + Control diet

2.6 Experimental Design

This table provides a detailed formula of

experimental diets used in the present

study.

2.7Blood Sampling and Analytical
Procedures

After every two weeks of the experiment, three
animals of each group were randomly drawn and
anesthetized with chloroform. The samples of
blood were collected by cardiac puncture after
incision of the abdominal cavity of the rats. Each
blood sample was centrifuged at 3000 rpm for 15
minutes (Labofuge A, Heraeus, Germany). The
resulting serum was used to analyze total
cholesterol, TAG and HDL-cholesterol using
commercial enzymatic kits (INMESCO). The
fractions VLDL + LDL were determined
according to Trinder’s equation [14]:

Cholesterol-(VLDL+LDL)
Cholesterol-HDL

Cholesterol-total —

Atherosclerosis index was also determined by
using the following relation:

Atherosclerosis index
LDL) / Cholesterol-HDL

Cholesterol-(VLDL +

2.8 Statistical Analysis

Data are representative of the average, and
standard deviation of two or three tests carried
out independently; these results were analyzed
by the test of Variance Analysis (ANOVA) using
the software GraphPad InStat (GraphPad
Software Inc, V3), followed by a comparison of
the means between them by the test of Student-
Newmann-Keuls to the threshold of probability
5%.
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3. RESULTS AND DISCUSSION

3.1 Viability of L. plantarum 29V in
Pasteurized Honey and Physico-
chemical Parameters of Honey

The viability rate of the strain L. plantarum 29V
decreased significantly in the pasteurized honey
samples stored at room temperature from day
21. During storage, the pH of the various honey
samples varied between 4.24 and 4.33; free
acidity ranged from 98.00 mEqg/Kg to 101.00
mEqg/Kg and density varied between 1.31 and
1.38 g/mL. However, no significant difference
(P<0.05) was observed between its values for
each parameter. Table 3 shows the evolution of
the pH, free acidity, density and viable cells
count of L. plantarum in honey samples stored at
different conditions.

The strain L. plantarum 29V remains viable in
honey after 28 days of storage at 4 °C and 25
°C. However, better viability was observed in
honey stored at 4 °C compared to honey stored
at 25 °C. These results are closer to those of
Bemmo et al. [15] and Zambou et al. [16], who
respectively showed that honey inoculated with
Lactobacillus plantarum GLP56 and
Lactobacillus plantarum 2S strains showed better
viability in honey stored at 4 °C than honey
stored at 25 °C after 28 days.

The viability of L plantarum 29V in honey after 28
days of conservation could also be allotted to its
ability to resist at pH lower than 4 [7] and due to
the presence of oligosaccharides (fructo- and
gluco- oligosaccharides) in honey recognized as
prebiotics. It is well known that prebiotics
stimulate the growth and ensure the viability of
lactic acid bacteria [17,18]. The studies of
Bemmo et al. [15] demonstrated that
Lactobacillus plantarum GLP56,
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Fig. 1. Gain weight body
CD : Rats fed Control diet
ChCD : Rats fed pure cholesterol solution (0.04 g/mL) + Control diet
ChHCD : Rats fed pure cholesterol solution (0.04 g/mL) + 0.5 mL of honey + Control diet
ChFCD : Rats fed pure cholesterol solution (0.04 g/mL) + 0.5 mL of probiotic formulation + Control diet

ChACD : Rats fed pure cholesterol solution (0.04 g/mL) + atorvastatine (10 mg/Kg)
29VCD : Rats fed 0.5 mL of Lbp 29V (approximately 10° UFC/mL) + Control diet

Table 3. Viable cells count of L. plantarum 29V in honey samples stored at 4°C and 25°C and
physicochemical characteristics of honey samples

Parameters  Duration Honey + L Honey + L. Honey Honey
of plantarum 29V plantarum 29V stored at stored at
storage stored at stored at room refrigeration room
(days) refrigeration temperature temperature temperature
temperature (25°C) (4°C) (25°C)
(4°C)
0 8.49+0.14 8.49+0.14 0 0
Viable cell (100%) (100%)
counts of 7 8,26 £ 0.87 6.79+£0.73 0 0
L. plantarum (97.29%) (79.97%)
Log CFU/mL 14 7.75 + 0.62 6.86 + 0.38 0 0
and % (91.28%) (80.80%)
viability 21 7.13+£0.28 5.98 + 0.19 0 0
(83.98%) (70.43%)
28 7.20+£0.12 5.08 + 0.60 0 0
(84.80%) (59.83%)
0 4.25+0.00 4.25+0.00 4.25+0.00 4.25+0.00
7 4.24 £ 0.01 4.26 £ 0.02 4.25+0.01 4.25+0.01
pH 14 4.28 £ 0.01 4.25 1+ 0.01 4.26 £ 0.03 4.25+0.01
21 4.26 £ 0.01 4.32 £ 0.01 4.27 £ 0.02 4.27 £ 0.01
28 4.28 £0.02 4.32 £ 0.01 4.26 £ 0.01 4.28 £ 0.01
0 99.5+0.49 99.5+0.49 99.5+0.49 99.5+0.49
7 100.1 £ 0.28 100.25 + 0.35 99.5 + 0.00 100 £ 0.71
Free acidity 14 99.5+0.71 100.55 + 2.75 99 +2.12 100.55 + 2.75
21 99.5 + 1.41 100 £ 0.71 99.25+£0.35 99.5%2.12
28 99.55 £ 1.34 99.5+2.12 100 £ 0.71 100.25 £ 0.35
0 1.36 £ 0.01 1.36 £ 0.01 1.36 £ 0.01 1.36 £ 0.01
7 1.33£0.01 1.32 £ 0.01 1.30 £ 0.05 1.31£0.01
Density 14 1.31+0.04 1.35+0.01 1.307 £ 0.03 1.35+0.01
21 1.34 £ 0.06 1.37 £ 0.00 1.39 £ 0.01 1.37 £ 0.00
28 1.37 £ 0.08 1.38 £ 0.01 1.34 £ 0.04 1.32 £ 0.01
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Lactobacillus plantarum GLA51 and
Lactobacillus plantarum GGU strains were able
to resist acid stress due to the presence of clpL
gene encoding for F1F0 ATPase pump involved
in the resistance of bacteria against the acid
stress.

The number of viable cells of L plantarum 29V in
honey does not increase because of the low
water and protein contents of honey, as the
growth of lactobacilli requires a complex medium
containing proteins and certain growth factors
[19].

3.2 Body Weight Gain

Fig. 1 represents the results of the body weight
gain of the rats. The groups ChFCD, 29VCD,
ChACD, and ChHCD showed no significant
differences (P>0.05) in body weight gain
compared to the negative control group. This
indicates that L. plantarum 29V, honey, and
atorvastatin do not affect the growth of rats.

Total Cholesterol,
(VLDL+LDL)-
Triglycerides,

3.3 Lipid profiles:
HDL-Cholesterol,
cholesterol,
Atherosclerosis Index

Figure 2a shows the serum total cholesterol of
rats during the experimental period. The total
cholesterol level in the group ChCD is
significantly higher than that of the other groups
and no significant difference is observed
between the cholesterol level of groups CD,
ChFCD, ChHCD, 29VCD, and ChACD. Figure 2b
shows the HDL-cholesterol of rats during the
experimental period. During the first two weeks
of experimentation, was observed a significant
reduction (p<0.05) of HDL-Cholesterol in group
ChCD while it increases significantly (p<0.05) in
the groups ChACD and 29VCD. Nonetheless,
this HDL-Cholesterol in groups ChACD and
29VCD is significantly higher than that of the
other groups. During the two last weeks, the
groups ChFCD and ChCD show a significant
increase (p<0.05) of HDL-cholesterol while it
significantly decreases (p<0.01) in the group
29VCD.Group ChFCD presents a significantly
high level of HDL-cholesterol (p<0.05) compared
to group CD. Figure 2c shows the (VLDL+LDL)-
cholesterol of rats during the treatment. During
the first two weeks, the cholesterol-(VLDL + LDL)
increases significantly (p<0.01) in group ChCD
and decreases significantly (p<0.05) in group
ChACD. Thus, group ChCD shows a level of
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cholesterol-(VLDL + LDL) significantly higher
than that of other groups while group ChACD
shows cholesterol-(VLDL + LDL) significantly
lower than that of the other groups. At the fourth
week, cholesterol-(VLDL + LDL) decreases
significantly in the groups ChFCD (p<0.001),
ChCD (p<0.01), ChHCD (p<0.05), and 29VCD
(p<0.05). It increases significantly in the group
ChACD. However, group ChCD has a level of
cholesterol-(VLDL + LDL) significantly higher
than that of other groups. Cholesterol-(VLDL +
LDL) is significantly lower in group ChFCD
compared to that of the other groups but is
comparable with that of group 29VCD. The
evolution of triglycerides is shown in the figure
2d. During the first 14 days of experimentation,
the triglyceride increases significantly in the
groups ChCD (p<0.001) and ChHCD (p<0.05).
We observe a significant reduction in the animals
of groups ChFCD (p<0.05) and ChACD
(p<0.001). However, in the group ChFCD it is
significantly lower than that of the groups CD,
ChCD, ChHCD, and 29VCD. Between the
second and the fourth week, we observe a
significant increase (p<0.001) of triglyceride in
the group ChACD whereas this parameter
decreases significantly (p<0.001) in all the other
groups. The triglyceride remains significantly
lower in group ChFCD compared to that of the
other groups. Figure 2e shows the
atherosclerosis index during the experimental
period. During the first two weeks, the
atherosclerosis index increases significantly
(p<0.01) in the group ChCD and drops
significantly (p<0.05) in the groups ChACD and
A29V.However, the atherosclerosis index is
significantly higher (p<0.01) in group ChCD than
that of other groups. Between the second and
the fourth week, the atherosclerosis index
decreases significantly (p<0.01) in the groups
ChCD and ChFCD; however, this parameter
significantly remains lower (p<0.01) in groups
ChFCD and 29VCD, compared with that of the
group ChCD. The atherosclerosis index
increases significantly in group ChACD.

High concentrations of total cholesterol and LDL-
Cholesterol are highly associated with an
increased risk of coronary heart disease; thus,
reduction in total cholesterol and LDL-
Cholesterol in hypercholesterolemic men can
reduce the incidence of cardiovascular disease
[20]. Our results showed that the administration
of the formulation made of Honey and L.
plantarum 29V strain to rats with induced
hypercholesterolemia did not significantly affect
the body weight. The results obtained here
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correlated with the findings of Kumar et al. [21],
Liong and Shah [22], and Wang et al. [23], who
used Lactobacillus plantarum Lp21 et Lp91, L.
casei ASCC 292, and L. plantarum MA2
respectively, as supplements to a high-
cholesterol diet and found a little change in body
weight gain.

The present study showed that administration of
the formulation (pasteurized honey and L.
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plantarum 29V), honey, and atorvastatin resulted
in a reduction of total serum cholesterol,
(VLDL+LDL)-cholesterol and triglycerides levels
of hypercholesterolemic rats. However, during all
the period of treatment, the total cholesterol,
(VLDL+LDL)-cholesterol and triglycerides levels
remained lower (without any significant
difference (p>0.05)) in the rats which were
treated with the formulation (pasteurized honey
and L. plantarum 29V) compared to those treated
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Fig. 2. Lipid profiles during the experimental period
CD : Rats fed Control diet
ChCD : Rats fed pure cholesterol solution (0.04 g/mL) + Control diet
ChHCD : Rats fed pure cholesterol solution (0.04 g/mL) + 0.5 mL of honey + Control diet
ChFCD : Rats fed pure cholesterol solution (0.04 g/mL) + 0.5 mL of probiotic formulation + Control diet
ChACD : Rats fed pure cholesterol solution (0.04 g/mL) + atorvastatine (10 mg/Kg)
29VCD : Rats fed 0.5 mL of Lbp 29V (approximately 10° UFC/mL) + Control diet
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with pasteurized honey. This would be explained
by the fact that the probiotic strain L. plantarum
29V although being conveyed by pasteurized
honey contributes to the reduction of these
parameters because honey would stimulate the
growth in vivo of lactic bacteria among which
Lactobacillus plantarum [24]. These results are in
agreement with those of Sieladie [8] which
showed that this strain administrated alone to
rats was able to reduce the total serum
cholesterol, (VLDL+LDL)-cholesterol and
triglycerides levels. These findings are in
agreement with previous reports in rabbits [25],
in rats, in mice and humans [26,27,28,23,29].
Conversely, HDL-cholesterol level increased,
and the atherosclerosis index was significantly
lowered. These results agree with several others
and confirmed the moderate action of certain
lactic acid bacteria on the HDL-cholesterol [21,
30].

LAB may alter total serum cholesterol by three
proposed mechanisms: (a) directly binding,
absorbing cholesterol into the cell and
assimilation before cholesterol can be absorbed
into the body [31,32]; (b) deconjugating bile acids
and produce free bile acids, which are more
likely to be excreted from the body and drain the
cholesterol pool as more bile acids are
synthesized [33]; and (c) inhibiting HMG-CoA
reductase by some metabolites of lactic acid
bacteria like propionic acid [34]. L plantarum 29V
would reduce the serum cholesterol level through
the first two  mechanisms: cholesterol
assimilation and deconjugating bile acids [7]. In
their studies, Bemmo et al. [33] demonstrated
that Lactobacillus plantarum GLP51 possessed
bsh1 gene encoding for BSH enzyme
responsible for the deconjugation of bile salt.

BSH activity may compromise normal lipid
digestion and the absorption of fatty acids and
monoglycerides could be impaired. Lowering of
serum cholesterol-LDL by the lactic bacteria
could be related to the reduction of the
apolipoprotein B-100 synthesis (proteinic part of
the LDL) in the liver and intestine, or the
reduction of the transfer of cholesterol esters
from HDL to LDL [35]. The increasing
cholesterol-HDL level would be due to the
synthesis of HDL apolipoprotein called apo A-I,
which is the portion of HDL being fixed on the
specific HDL receptors [36]. Atherosclerosis
index depends on the distribution between the
HDL-cholesterol and the (VLDL + LDL)-
cholesterol in the blood. Lower is the
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atherosclerosis index (VLDL + LDL)/HDL), less is
the atherosclerosis risk [37].

4. CONCLUSION

The results of this study show that the probiotic
strain L. plantarum 29V can survive in honey for
28 days and continue to exert its
hypocholesterolemic effects after ingestion.
Thus, honey could be used as a food matrix to
carry the probiotic strain L. plantarum 29V very
well through the gastro-intestinal tract. This
formulation made of pasteurized honey and L.
plantarum 29V may be used to treat or prevent
hypercholesterolemia if these effects are
confirmed in Human beings.
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