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Optimization of a formulation containing viable
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Abstract

In the present study, gastric juice resistant tablet formulations of lactic acid bacteria (LAB) were developed, using hy-
droxypropylmethylcellulose acetate succinate (HPMCAS) as well as alginates, apple pectin and Metolose® as matrix forming
components. To optimize the formulation—using survival rate in acid medium, and disintegration time in intestinal fluid as
test parameters—tablets were modified with respect to LAB content, amount of applied excipients per tablet, and compaction
forces. A decrease of viable cells of not more than one log unit after 2 h of incubation in acid medium was desired, as well as a
disintegration time of 1 h in phosphate buffer pH 6.8.

It was found that the amount of HPMCAS in the tablet correlates with gastric juice resistance. As HPMCAS also leads to a
decrease of disintegration time in intestinal fluid, slight amounts of this excipient were preferred. The best protective qualities
against artificial gastric juice were observed when tablets were prepared from compaction mixtures of LAB, HPMCAS and
sodium alginate.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

At the beginning of the 20th century, Eli Metch-
nikoff (Metchnikoff, 1907)proposed consumption of
milk fermented with a flora of human intestinal origin,
such asLactobacilli, and claimed that the proverbial
longevity of Bulgarians resulted from the consump-
tion of such milks. The organism he recommended
wasBacillus bulgaricus, which was later identified as
Bacillus acidophilus. More recently, the name of this
organism was changed toLactobacillus acidophilus
(Gilliland, 1980).
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During the past decade there has been increasing
interest in the hypothesis that the long-term consump-
tion of a healthy diet may reduce an individual’s risk
of certain age-related disorders, including obesity,
osteoporosis, hypertension and some cancers. Con-
sumers have attempted to identify certain products as
being protective with regard to the food’s impact on
their overall diet and health (Halpern et al., 1991). The
use of the term “probiotic” to describe food supple-
ments specifically designed to improve health, how-
ever, dates from 1974 when Parker used it to describe
growth promoting feed supplements. He defined the
term as “organisms and substances which contribute to
intestinal microbial balance” (Fuller, 1991). The res-
ident flora has an important protective function. Any
potential pathogen or new colonizer must overcome
the nonspecific chemical and physical defense mech-
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anisms of the gastrointestinal tract, such as gastric
acidity and peristaltic gut movements (Salminen and
Deighton, 1992). Although the gut flora is relatively
stable, it may be influenced by several dietary and
environmental factors. Preparations containing viable
LAB of human origin appear to have value in restoring
normal microbial function and alleviating symptoms
in some patients suffering from gastrointestinal infec-
tions and other conditions. Besides the control of in-
testinal infections, LAB impart further nutritional and
therapeutic benefits. Among these are improved diges-
tion of lactose (Marteau et al., 1993; Hove et al., 1999),
control of some types of cancer (Goldin, 1998; Aso
et al., 1995) and control of serum cholesterol lev-
els (De Ross et al., 1999, Anderson and Gilliland,
1999).

A prerequisite for any effect of ingested bacteria is
a successful implantation in the gastrointestinal tract.
So bacteria must remain viable during gastric transit.
Based on the acid instability of LAB it is essential to
consume these microbes with food or to protect them
by encapsulation.

2. Methods

Lyophilized batches of the lactic acid bacteria
strain (LAB) Lactobacillus acidophilus La-5 were
supplied by Chr. Hansen BioSystem’s (Horsholm,
Denmark), HPMCAS by Shin-Etsu Chemicals Ltd.
(Tokyo, Japan). Calcium alginate, sodium alginate,
and Avicel® were purchased from Fluka (Buchs,
Switzerland), pectin (apple pectin, food grade) from
Roth-Lactan (Graz, Austria). Magnesium stearate
and talcum were supplied by F.Joh. Kwizda (Vienna,
Austria).

Tablet processing took place on an instrumented
single punch tablet press (Korsch EKO, Berlin, Ger-
many), providing constant environmental conditions
(35% RH; 20–22◦C). All tablets were compacted
biplan with a diameter of 10 mm.

Degradation of lyophilized viable LAB cells dur-
ing the formulation process and tablet preparation
as well as the survival in artificial gastric juice were
monitored using a standard plate count technique
(Mersch-Sundermann, 1998).

The loss of bacteria due to tabletting was evaluated
by calculation from numbers of viable cells in the

mixed powders prior to compaction and in the tablets
made thereof.

Artificial gastric juice (0.04 M HCl) was studied
to evaluate resistance against acidic conditions at a
temperature of 37◦C for 1 or 2 h of incubation, using
a dissolution tester (apparatus 2, USP XXIV). For
evaluation of the gastric juice resistance, tablets were
incubated in 0.04 M HCl at 37◦C for 1 or 2 h and the
differences of the microbial cell counts before and
after treatment were determined.

Tablet disintegration time was studied using phos-
phate buffer (pH 6.8; 37◦C). Tablet friability was
tested with a friabilator (Pharma-Test; Type PTFE),
tablet hardness with Pharma-Test PTB 311.

Storage stability of tablet formulations was exam-
ined at three different temperatures (10, 20, and 30◦C)
during a period of 6 months.

Table 1gives an overview of all examined tablet
formulations; tablets contained 1% talcum and mag-
nesium stearate as lubricants. Formulations Nos. 6–53
contained 100 mg of LAB.

Formulations Nos. 1–5 were prepared with a con-
stant tablet weight (227.2 mg), but different amounts
of LAB (25, 33.3, 50, 75, 100 mg) and of HPMCAS
(200, 192, 175, 150, 125 mg) to investigate the influ-
ence of different ratios of LAB to HPMCAS on the
gastric juice resistance.

To examine the influence of different amounts of
HPMCAS on the survival rate of LAB during gastric
transit, formulations Nos. 6–11 were manufactured

Table 1
Overview of all examined tablets (Nos. 1–53)

Nos. kN HPMC Na-alg Ca-alg Pectin Metolose

1–5 5 ×
6–11 20 ×
12–17 10 ×
18–23 5 ×
24–29 2 ×
30–32 5 × ×
33–35 2 × ×
36–38 5 × ×
39–41 2 × ×
42–44 5 × ×
45–47 2 × ×
48–50 5 × ×
51–53 2 × ×
kN, compaction force during the tabletting process; Na-alg, sodium
alginate; Ca-alg, calcium alginate.
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applying HPMCAS amounts of 40, 55, 70, 85, 100 mg
as well as 125 mg, at a constant compaction force and
with a constant amount of LAB.

The influence of different compaction forces (10,
5, 2 kN) on gastric juice resistance was studied by
analysis of tablets Nos. 12–29.

Tablets Nos. 30–53 were manufactured to inves-
tigate the influence of sodium alginate, calcium algi-
nate, apple pectin and Metolose® on the survival rate
in acid medium by replacing part of the HPMCAS
content (40, 55, 70 mg) with each of these additional
excipients, using two different compaction forces (5
and 2 kN).

3. Results and discussion

The results of the analysis of formulations Nos.
1–5 (applying different HPMCAS amounts and differ-
ent LAB contents) show that tablets containing high
amounts of HPMCAS (200 mg) and small amounts of
LAB (25 mg) surprisingly sustain nearly the same loss
of viable cells during incubation in gastric juice as
tablets containing much lower amounts of the gastric
juice resistant matrix component HPMCAS (125 mg)
and a high LAB content (100 mg). This illustrates that
the ratio between these two test variables only slightly
influences the survival rate in acid medium, when a
constant tablet weight is used.

Fig. 1. Correlation between gastric juice resistance and HPMCAS content (dissolution tester, 0.04N HCl/37◦C).

In further tests, tablets with 100 mg of LAB were
manufactured to reach high microbial cell counts per
tablet (109–1010 CFU/tablet, depending on the com-
paction force applied).

The examination of formulations Nos. 6–11 (pre-
pared with different HPMCAS amounts and a con-
stant compaction force) demonstrated that the amount
of HPMCAS had great influences on both the gastric
juice resistance and the disintegration time in the in-
testinal fluid. The higher the HPMCAS amount, the
better the gastric juice resistance; however, a high
HPMCAS amount (a high tablet weight) resulted in
slow disintegration in the intestinal fluid.

Fig. 1 shows the decrease of the gastric juice resis-
tance by lowering the HPMCAS amount per tablet,
while Fig. 2 illustrates the acceleration of the disin-
tegration time in the intestinal fluid by lowering this
parameter. The formulation with the lowest amount
of HPMCAS (No. 6) required at least 65 min for
disintegration.

To shorten the disintegration time in intestinal fluid,
tablets (Nos. 12–29) were prepared using lower com-
paction forces (10, 5, and 2 kN).

The results of these experiments (tablets containing
different HPMCAS contents and different compaction
forces) indicate the need of both, a low amount of
HPMCAS (<85 mg) and a low compaction force
(<10 kN) to achieve disintegration in the intestinal
fluid within 1 h. For attaining tablets with high gastric
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Fig. 2. Dependence of the disintegration time in the intestinal fluid upon the HPMCAS content (dissolution tester/phosphate buffer pH
6.8/37◦C).

juice resistant qualities, a high amount of HPMCAS
is needed, especially when tablets are compacted by
low compaction forces.

Due to the countervailing effects (good gastric juice
resistance being accompanied by slow disintegration
time in phosphate buffer pH 6.8), none of the tablet
formulations manufactured so far (Nos. 1–29) meet the
combined requirements of loss of only one log unit of
viable cells after 2 h of incubation, and disintegration
within 1 h in simulated intestinal fluid.

To increase gastric juice resistance of tablets disin-
tegrating within less than 1 h in the intestine, tablets
compacted by a low compaction force (5 and 2 kN)
and low amounts of HPMCAS (40 g, 55, and 70 mg)
were most suitable for further experiments. To ob-
tain better acid stability the HPMCAS content was
partially replaced (40%) with sodium alginate, cal-
cium alginate, apple pectin or Metolose®. As seen in
Figs. 3 and 4, replacement of part of the HPMCAS
with sodium alginate had a positive effect on gastric
juice resistance. Tablets prepared by a compaction
force of 2 kN and containing a very low amount of
HPMCAS (40 mg at a tablet weight of 141 mg) lose
6 log units of viable cells after incubation for 2 h in
0.04 M HCl. On the other hand a cell count reduc-
tion of about one log unit was achieved by replacing
24 mg of the HPMCAS amount with sodium alginate.

Addition of calcium alginate also increased resis-
tance against artificial gastric juice, while apple pectin

and Metolose® did not increase survival rates in acid
medium.

The results indicate that optimal gastric juice resis-
tance can be achieved with tablets containing HPM-
CAS and sodium alginate as excipients.

Formulations Nos. 31, 32, 34 and 35 are to a large
extent gastric juice resistant and disintegrate within
less than 1 h in the intestine. These are considered the

Fig. 3. Comparison of gastric juice resistance after an incubation
for 2 h of tablets containing different excipients (compaction force:
2 kN). Dissolution tester/0.04N HCl/37◦C.
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Fig. 4. Storage stability of tablet No. 35 (HPMCAS: 33 mg; Na-alginate: 22 mg; compaction force: 5 kN).

best formulations and are recommended for applica-
tion.

For further characterization, tablet hardness, fri-
ability, the survival rate in intestinal fluid as well as
storage stability of one of the optimized formulations
(No. 31) have been tested.

A friability <1% and an average tablet hardness of
26 N was measured.

Concerning the incubation in intestinal fluid (incu-
bation time: 6 h), no significant microbial cell count
reduction was observed.

Storage at a temperature of 10 or 20◦C for 6
months results only leads a slight loss of viable cells.
A temperature of 30◦C results in a microbial cell
count reduction of less than one log unit.

4. Conclusion

In the present study, the preparation was demon-
strated of gastric juice resistant tablets, that enable the
delivery of approximately 108 viable bacteria to the
intestine within 1 h.

For aiming acid stability, the ratio of LAB to HPM-
CAS was not decisive when a constant tablet weight
was used. Using a constant amount of LAB and vary-
ing the amounts of HPMCAS and the compaction
force, it was found that a high content of HPMCAS as
well as a medium or high compaction force are needed
to achieve gastric juice resistance. When tablets are

to be prepared with low amounts of HPMCAS, the
addition of sodium alginate is essential to guarantee
protective qualities against artificial gastric juice.
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