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Probiotics are increasingly more present both as functional foods, and in pharmaceutical preparations
with multiple levels of action that contribute to human health. Probiotics realize their positive effects with
a proper dose, and by maintaining a declared number of probiotics cells by the expiration date. Important
precondition for developing a probiotic product is the right choice of clinically proven probiotic strain, the
choice of other active components, as well as, the optimization of the quantity of active component of probi-
otic per product dose. This scientific paper describes the optimization of the number of probiotics cells in the
formulation of dietary supplement that contains probiotic culture Lactobacillus plantarum 299v, iron and vi-
tamin C. Variations of the quantity of active component were analyzed in development batches of the encap-
sulated probiotic product categorized as dietary supplement with the following ingredients: probiotic culture,
sucrosomal form of iron and vitamin C. Optimal quantity of active component L. plantarum of 50 mg, was
selected. The purpose of this scientific paper is to select the optimal formulation of probiotic culture in a di-
etary supplement that contains iron and vitamin C, and to also determine its expiration date by the analysis

of the number of viable probiotic cells.
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During the past decade probiotic products have become
very popular in the category of functional foods and dietary
supplements because of their wide range of preventative and
therapeutic possibilities, as well as, their general lack of side
effects. According to Food and Agriculture Organization
(FAO) of the United Nations and WHO, probiotics are defined
as “live microorganisms which when administered in adequate
amounts confer a health benefit on the host”". Probiotics are
microorganisms, such as bacteria and yeast, that benefit the
host by stimulating growth of preferred microorganisms, and
antagonizing pathogens by inhibiting their mucosal adherence
and by producing antimicrobial compounds.>¥ The most com-
mon probiotic strains belong to the genera Lactobacillus and
Bifidobacterium. Lactobacilli and bifidobacteria are used in
both functional foods, and in dietary supplements. In com-
mercial aspect, in order to be taken into consideration for the
development of marketable product, probiotics must fulfill
several criteria including safety and functional and techno-
logical characteristics. Good viability, activity and survival
of probiotics in food products during processing, storage and
consumption, are considered essential for optimal functional-
ity.*” Also, probiotic bacteria in a particular product must
be present in sufficient number, because its activity depends
directly on the number of viable cells. Standard condition for
achievement of probiotic effects is the minimal number of 10°
colony forming unit (CFU) per gram of viable bacteria until
expiration date. A minimum therapeutic level is considered to
be 108-10° cells/d.® 1%

Iron deficiency, specifically iron deficiency anemia, is an
important Public Health issue in both developing and in in-
dustrial countries. According to WHO, anemia affects over 2
billion people worldwide, with 50% of cases being secondary
to iron deficiency. Strategies for preventing iron deficiency
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are based on combination of dietary improvement, iron for-
tification of food, and iron supplementation.'"” Among these
strategies, supplementation can be cost effective in various
vulnerable population groups.'” There is also some evidence
that probiotic can enhance bioavailability of iron. Human
studies have been performed to discover underlying mecha-
nism of probiotic effect on iron status, such as creating an
acidic environment in the intestinal tract which makes iron
more absorbable, making iron biologically available by pro-
ducing iron-chelating ligands, or degrading mineral complex-
ing phytic acid from food.”*"'> Therefore, making probiotics a
part of a diet plan, can prevent and ameliorate iron deficiency
anemia in humans. One of the probiotics strain hypothesized
to have a positive effect on iron absorption is Lactobacillus
plantarum 299v."*''D Tron deficiency is one of the most fre-
quent micronutrient deficiencies in the world. For that reason,
supplementation strategy can be cost effective in prevention of
iron deficiency. Additionally, clinical studies show that the use
of L. plantarum 299v can contribute to the improvement of
the iron absorption.'>'*!'® Based on this knowledge and market
demand, the probiotic formulation was developed using the L.
plantarum 299v strain with addition of sucrosomal iron and
vitamin C. Based on this knowledge and market demand, the
probiotic formulation was developed using the L. plantarum
299v strain with addition of sucrosomal iron and vitamin C.
In clinical studies, this strain has been shown to colonize
gastrointestinal tract and was found to have many positive
effects on health, including reducing intestinal gas problems
and producing pain in people with irritable bowel syndrome,
as well as exhibiting anti-inflammatory and cholesterol lower-
ing effects.!*)

The objective of the presented work was to analyze a design
of probiotic formulation in capsules also containing iron and
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vitamin C (that also contributes to absorption of iron), which
would be used in the prevention and treatment of mild cases
of iron deficiency in the population of people with reduced
absorption of iron. A daily dose of 10° CFU/d capsule formula-
tion was chosen. This type of probiotic product design would
be innovative to the Serbian market. Main purpose of this
scientific paper was to select the optimal number of probiotics
cells in the finished product, and to determine its expiration
date by analyzing the number of viable probiotic cells.

Final confirmation of the activity of the selected formula-
tion is the improvement of blood status of iron in clinical
studies.

Experimental

Active Ingredients L. plantarum 299v (DSM 9483) strain
was purchased in lyophilized form from Probi AB (Probi
AB, Lund, Sweden). Sucrosomal iron was purchased from the
company Alesco S.R.L., Italy. This is the form of iron that has
increasing bioavailability and which does not develop irrita-
tions of the gastrointestinal tract.

Vitamin C is obtained from the manufacturer Shandong
Luwei Pharm Co., China.

Excipients and Capsule Maize starch (UniPure FL,
Germany) with 2% moisture was used as the excipient in all
the analyzed formulations of the product. Reduced amount of
moisture was used in order to minimize the effect of moisture
on the probiotic cells in the formulations.

Encapsulated Formulations Hypromelose capsules were
used and they were manufactured by the company Capsugel,
France. Capsules size 1 were selected.

Three formulations were defined: a) Formulation 1 included
50mg of lyophilized powder of L. plantarum 299v, 10mg of
sucrosomal iron and 15mg of vitamin C, per capsule; b) For-
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mulation 2 included 80 mg of lyophilized powder of L. planta-
rum 299v, 10mg of sucrosomal iron and 15mg of vitamin C
per capsule; ¢) Formulation 3 included 100mg of lyophilized
powder of L. plantarum 299v, 10mg of sucrosomal iron and
15mg of vitamin C per capsule.

All three formulations were blistered inside polyvinylidene
chloride (PVdC)/Al foil immediately after encapsulation for
the purposes of complete protection of capsules from the
influences of external environment (air, light and moisture).
During sampling, blisters with the selected formulations were
opened, and the capsules were analyzed to determine the
number of probiotic cells.

Counting the Viable Number of Probiotic Cells Accord-
ing to the recommendations of the manufacturer, the probiotic
strain L. plantarum 299v was replicated in the MRS broth
(Biokar Diagnostics, U.S.A.).?? The number of probiotic cells
was determined by using agar plate method (Nordic Com-
mittee on Food Analysis or in Norwegian: Nordisk Metodik-
komité for Neringsmidler (NMKL) method, 2007, Probi).
The samples of the probiotic culture in the form of powdered
content of the capsule were rehydrated in the sterile solution
of sodium chloride (Sigma-Aldrich, U.S.A.), peptone (Sigma-
Aldrich) and purified water. After that, by using the method
of decimal dilutions the samples were diluted in the series
of decimal dilutions. A 0.1 mL of the last two samples was
taken with the pipette and they were added to the agar plates.
Colonized substrates were incubated on 37°C in the anaerobic
conditions during two days. After incubation the number of
colonies was counted on the agar surface and the result was
expressed as the number of colonies or CFU in powder or
capsule. Presented method was completed three times per one
analysis, and results were expressed as the average values of
all three counts*standard deviation (S.D.).

Probiotic viability with three quantities of API LP 299v
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Stability of the Encapsulated Formulations The samples
for the selected formulations were duplicated because the sta-
bility studies were also completed in two different sets of tem-
perature and humidity conditions (A and B set of conditions).
Sets of conditions were selected from the long-term conditions
and intermediate stability regime that was proposed by the
European Medicines Agency (EMA).>*2% Stability testing
was performed in real time. First, stability study under set of
conditions A was selected and after that, the selected formula-
tion with 50mg of L. plantarum 299v was analyzed under the
set of conditions B. Set A of ambient conditions included the
temperature of 25+2°C and the relative humidity of 60£5%
(results shown on the Fig. 1), whereas the set B of ambient
conditions included the temperature of 30%=2°C and relative
humidity of 65+5% (results shown on the Fig. 2).

Long-term studies should be carried out under conditions
simulating the storage conditions recommended on the prod-
uct label (25+2°C). Long-term studies should extend at least
as long as the desired shelf-life claim (expiration date) for that
product.

Clinical Study of the Effects of the Selected Formulation
The effects of the selected formulation of 50mg of L. planta-
rum 299v on the absorption of iron, were monitored in clinical
study with target population of healthy women from 20 to 40
years of age, which represent a population that is prone to iron
deficiency. The hypothesis of this study was that the absorp-
tion of iron was enhanced by the simultaneous oral adminis-
tration of L. plantarum 299v and vitamin C. Formulation that

Chem. Pharm. Bull.

349

included 50mg of L. plantarum 299v, 10mg of sucrosomal
iron and 15mg of vitamin C was used in conducted clinical
study in comparison to the oral administration of 10mg of
sucrosomal iron and 15mg of vitamin C. The clinical study
was conducted during the October, 2017, and both groups had
10 subjects. Both groups took their morning therapy of one
capsule on empty stomach for 7d. A capsule containing L.
plantarum 299v, sucrosomal iron and vitamin C was taken by
10 subjects in study group and capsule containing sucrosomal
iron and vitamin C was taken by 10 subjects in control group.
Ten to twelve days after the therapy was completed, iron
status of subjects in blood was analysed in the morning, on
empty stomach. Iron was determined using the spectrophoto-
metric method with ferrosin (Roche Hitachi apparatus).

Results

Results of probiotic cells count in the capsules containing
three variations of mass of the active probiotic component L.
plantarum (Lp) 299v (50, 80, 100 mg/capsule) under the set of
conditions A are shown in Fig. 1. Long term stability study
was performed in the time period of 30 months (ambient con-
ditions were 25+2°C temperature and 60=5% relative humid-
ity) in the time limits defined in the Table 1.

Samples were analyzed and the number of probiotic cells
was followed in time with results expressed in the units CFU/
capsule.

Results of the uniformity of mass for probiotic product with
three quantities of active substance L. plantarum 299v (50, 80,
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100 mg/capsule) are depicted in Table 2. Mass of the content
of 20 capsules was measured and mean value and S.D. was
calculated.

Second part of the stability study is shown in Fig. 2. Ac-
cording to the results from Fig. 1, formulation with 50mg
of active component Lp 299v was selected. This formulation
has fulfilled all the conditions of the number of probiotic
cells during the time period of two years, which was the rea-
son why it was selected to be analyzed in the intermediate

Table 2. Uniformity of Mass-Capsule Content for Three Formulations
(50, 80, 100mg Lp 299v)

Capsule sample U 1-50 Lp 299v U 2-80 Lp 299v U 3-100 Lp 299v

label (mg) (mg) (mg)

1 330.30 333.67 327.65

2 331.95 333.05 317.68

3 329.67 331.87 328.86

4 326.08 330.08 329.53

5 327.86 329.83 328.82

6 328.34 330.75 321.78

7 325.95 330.55 327.75

8 326.15 331.95 328.38

9 331.1 329.05 325.96

10 329.82 328.55 326.55

11 326.5 326.65 326.95

12 327.95 329.85 327.94

13 328.6 331.77 328.28

14 325.09 330.76 327.88

15 321.75 329.87 326.95

16 327.66 327.05 329.95

17 327.07 331.35 327.36

18 332.85 329.75 328.75

19 329.08 330.09 324.78

20 327.07 333.85 323.79

Sum 6560.84 6610.34 6535.59
Mean value 328.042 330.517 326.7795

Deviation % 2.51 3.28 2.12
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analysis in order to confirm the suggested expiration date of
two years. Also, in Fig. 2. are shown comparative data of the
number of probiotic cells in the formulation 1 with 50mg of
Lp 299v under the ambient conditions of the temperature of
25%2 and 30=*2°C.

Data from the study group and control group of subjects,
whose blood was analyzed 10-12d after the therapy had
been completed, is presented in Table 3. The obtained results
showed that the blood status of iron in the group of subjects
who received iron and vitamin C with Lp 299v was increased
by 11% due to increased absorption, compared to the group of
subjects who used only iron and vitamin C which is graphi-
cally depicted in Fig. 3.9

Discussion

In this study, three formulations were analyzed during the
defined storage conditions by monitoring the number of pro-
biotic cells. During the analysis, all three formulations have
proved the required technological characteristics of the encap-
sulated probiotic-viability of probiotic strain, the uniformity
of the mass of the capsule, complete closing of capsule, and
the required properties of the foil and sealing of foil during

Table 3. Data from the Study Group and Control Group of Subjects
(Mean Values and S.D.)

Study group (n=10) Control group (n=10)

Mean S.D. Mean S.D.
S-Fe (umol/L) 19.4 4.1 17.5 3.6
Ferritin (ng/mL) 44.0 9.2 41.9 7.2
TIBC (ug/L) 69.6 6.8 64.7 5.6
Hb (g/L) 138.9 8.5 135.3 5.6
Age (year) 29.8 5.6 28.3 5.0
BMI (kg/m?) 21.6 1.7 21.5 1.8
CRP (mg/L) <5 <5

S-Fe: serum iron concentration; TIBC: total iron binding capacity; CRP: C-reactive

protein; BMI: body mass index; Hb: hemoglobin.

Serum iron concentration (umol/L)
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0

Fig. 3.

w

Serum Iron Concentration of the Study and Control Group of Subjects

The bars and whiskers represent means with their values corresponding maximum and minimum values of serum iron.
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blistering process.

In the first part of the study, three formulations with dif-
ferent quantities of the active component Lp 299v (50, 80,
100 mg/capsule), were selected. They all contained equal quan-
tities of iron and vitamin C, and the addition of maize starch
as excipient. The results of the first part of the study (results
shown on the Fig. 1), show that after defined time period and
set of ambient conditions A, the number of probiotic cells
decreases in time, as it was expected. The decrease of the
number of probiotic cells is greater in the formulations that
possessed larger quantities of active component (80, 100 mg
of Lp 299v), than in the formulation with 50mg L. plantarum
299v. This is another evidence that shows that a greater num-
ber of probiotic cells is not a prerequisite for maintaining of
the required cell viability over time.” After two years, under
the conditions set A, a formulation with 50mg of active com-
ponent had the minimum required number of probiotic cells,
i.e., 10°CFU per capsule. For these reasons, this formulation
was chosen for the second part of the study, where the expira-
tion date of the formulation was confirmed.

In the second part of the study (Fig. 2), the obtained results
confirmed that the expiration date of two years can be de-
clared for the followed product under the storage conditions
of room temperature. In addition to this, it was confirmed that
the number of probiotic cells of Lp 299v was maintained in
the range of 9.7 at start to 5.45x10°CFU/capsule during the
time period of two years under the temperature of 25+ 2°C.
At this temperature at the end of the study, after two and a
half years, the selected formulation contained 1.4 billion pro-
biotics cells (CFU/capsule), which is at the very bottom of the
required dose, and therefore was not considered sufficient for
further consideration for the expiration date to be two and a
half years. During the set of conditions B, the selected formu-
lation kept the number or 10° viable cells per capsule during
the period of two months, which confirmed that this formula-
tion can be stored for the shorter time period even in those
temperatures (high outdoor temperatures and high humidity
during summer or when traveling to warmer areas).

These results confirmed the stability of the selected pro-
biotic formulation at the recommended storage temperature
of finished product (room temperature). Samples were tested
after the completion of all technological phases of production
of finished product and during the stability study.?*”)

Final confirmation of the efficacy of the selected formula-
tion is the result of a clinical study that showed the increased
blood status of iron due to its higher absorption in the group
of subjects who took L. plantarum together with iron and vi-
tamin C, than in the group of subjects who took only vitamin
C and iron.

Conclusion

This study has shown the possibility of the design of cap-
sules with L. plantarum 299v, sucrosomal iron and vitamin
C, with condition that the viability of the probiotic cells
secures the minimal daily therapeutic dose of at least 10°
probiotic cells per capsule during two years of storage on the
temperature of 25+2°C. The proposal of this design is innova-
tive, because it contains L. plantarum 299v, a probiotic strain
that possesses many clinically confirmed positive effects on
health, including reducing intestinal gas problems and pain
in people with irritable bowel syndrome, and it also pos-

Chem. Pharm. Bull. 351

sesses anti-inflammatory and cholesterol-lowering effects. A
probiotic product with this design has combined effects, and
when taken regularly, it contributes to the balance of intestinal
flora, whereas the addition of iron improves the level of this
micronutrient. The effects of the selected formulation were
confirmed by the clinical study that presented better iron ab-
sorption in the subjects who used capsules with L. plantarum
299v with iron and vitamin C.

Due to the reasons mentioned above, this formulation can
be very effective in people who beside iron deficiency suffer
from underlining symptoms of the mentioned gastrointestinal
tract diseases. Directions for the future research will be the
analysis of other parameters of this probiotic product, such as:
additional microbiological parameters, heavy metal content,
parameters of the blister seal and further clinical confirmation
of its action on the selected population.
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