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ABSTRACT

The purpose of this study was to assess the microbiological quality and stability of folic acid tablets formulated with tapioca
starch as a binder in a comparative study with corn starch BP as the standard binder. This investigation was carried out by
evaluating the microbiological quality of the starches, the granules and the folic acid tablets prepared by wet granulation, at
specified periods of time under various temperature and humidity conditions. Results indicate that the imported maize starch
B.P. had a level of microbial contamination which is comparable with the locally extracted cassava starch. The level of
microbial contamination, which was higher when non-sterile distilled water was used as the diluting medium than when
sterile distilled water was employed, was shown to be dependent on the both the temperature and relative humidity, with
high humidity supporting microbial growth in the products. Folic acid tablets formulated with the two different starches
exhibited lower level of microbial contaminants than the raw starches, indicating possible denaturation of the mainly
vegetative organisms during tableting. Further bioevaluation is ongoing in our laboratory on the effect of compression during
tableting on the level of microbial contamination.
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INTRODUCTION

In recent times, focus on plant research has
increased all over the world and a lot of evidence
has been collected to show immense potential of
medicinal plants used as phyto-medicines for the
treatment of disease [1] as well as traditional
excipients for the manufacture of various dosage
forms [2]. Cassava starch is obtained from the
rasped tubers of Manihot utillisima, a tropical root
tuber commonly used as food in Nigeria and other
tropical countries. The plant is cultivated and grows
to a height of about 2.4 m. The roots or tubers that
contain the starch radiate from the stem just below
the surface of the ground. The starch has been
widely studied with respect to its suitability as an
excipient in  pharmaceutical dosage forms
particularly in tableting technology [3 — 7]. The
International Starch Institute has demonstrated for

the first time on an industrial scale, that tapioca
(cassava) starch can be produced with the same
purity and yield as that of the potato starch industry
8].

Folic acid (also known as vitamin B9 or folacin) are
forms of the water-soluble vitamins. Folic acid is
itself not biologically active, but its biological
importance is due to tetrahydrofolate and other
derivatives after its conversion to dihydrofolic acid in
the liver. Absorption of folic acid by the body is
facilitated by enzymes associated with the mucosal
cell membrane. More specifically, absorption
primarily occurs in the mucosa of the upper
intestine, known as the jejunum and duodenum.
Insufficient folic acid in the diet and the inability to
absorb folic acid can cause anemia or birth defects,
namely, anecephaly and spina bifida, the latter
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resulting in brain development abnormalities [9].
Tablets are solid dosage forms containing medicinal
substances with or without suitable diluents. Tablets
are simple and convenient to use. They provide an
accurately measured dosage of the active
ingredient in a convenient portable package, and
can be designed to achieve sustained release,
protect unstable medications or  disguise
unpalatable ingredients [10, 11]. They may be
classified according to the method of manufacture
as either compressed tablets or molded tablets. The
compressed tablets are the most widely used
dosage form in the world and the vast majority of all
tablets manufactured are made by compression.
The compressed tablet is the most popular dosage
form in use nowadays. About two-thirds of all
prescriptions are dispensed as solid dosage forms,
and half of these are compressed tablets [12].
Tablet dosage forms are the most popular and
preferred drug delivery systems in terms of
precision of unit dose, low cost, patient compliance,
and good physical and chemical stability and
account for 70 - 80 % of all pharmaceutical dosage
forms [13]. Tablets have remained the most
common dosage form by which medicaments are
usually administered to patients because of their
advantages over the other dosage forms [14].

It is always very important to assess the stability
(short-term or long-term) of pharmaceutical
formulations. Stability could be viewed from the
degradation of the active ingredients or a change in
the physicochemical properties of the formulations
[15, 16]. Expectedly, stability test which involves
examining for quality and potency at suitable time
intervals, is ought to be conducted for a period
corresponding to the normal time that the prodcut
would remain in stock or in use. Since this test is
time-consuming and expensive, accelerated stability
tests are employed during the product development
stage to enable rapid prediction of long-term
stability of the product. It is then possible to identify
the most stable formulation without resorting to the
lenghty conventional stablity tests. No published
work is available in the literature concerning the
stability of folic acid tablets formulated with a native
starch.

Consequently, the objective of this study was to
investigate the microbiological quality and stability
of folic acid tablets formulated with tapioca starch as
a binder in a comparative study with corn starch BP
as the standard binder. This investigation was
carried out by evaluating the microbiological quality
of the starches, the granules and folic acid tablets
prepared by wet granulation, at specified periods of
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time under various tempearture and humidity
conditions.

MATERIALS AND METHODS

Materials

The materials used include folic acid (Hoffman La
Roche Ltd, Basel, Switzerland), Maize starch BP
(BDH Chemicals Ltd, Pool, UK), Lactose BP (AB
Knight and Co, London, UK). Tapioca starch was
processed in the formulation laboratory of the
Department of Pharmaceutics and Pharmaceutical
Microbiology of Anmadu Bello University, Zaria.

Preparation and physicochemical properties of
Cassava starch

The tubers of cassava (Mannihot utilissima) were
procured from the Institute for Agricultural
Research, Ahmadu Bello University, Zaria.The
Tapioca starch was prepared according to an
established procedure [4] and as reported [7].
Preliminary physicochemical tests were then
performed on the cassava and maize starches
following standard procedures [3-6].

Preparation of starch mucilage

Starch mucilage was prepared following a method
already reported [5] by weighing amounts of starch
powder that would produce 5 %w/w of the starch
binders in the formulation. Each weighed quantity
was then suspended in the required amount of
distiled water in a beaker and heated with
continuous stirring until the mucilage was formed.
The mucilage was used while still hot for a more
effective binding.

Preparation of granules

The formulation compositions of different batches of
the granules prepared by wet granulation method
[4] and tablets are presented in Tables 1 and 2.
Briefly, accurately weighed quantities of folic acid
and the starches were mixed together in an
automatic mixer followed by addition of 5 % binder
mucilage and further mixing.The resulting wet mass
was transferred to a granulator fitted with an
appropriate sieve. The granules formed were dried
and sieved followed by addition of magnesium
stearate and Talc powder, and mixing in a hand
mixer.

Granules size analysis

The sieve method of analysis was employed [4-6].
Briefly, four sieves (500 um, 355 um, 250 ym, and
180 um pore sizes) were arranged in order of
decreasing size in a stack such that the sieve with
the largest pore size was at the top. A 100 g of the
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granules was poured into the topmost sieve and the
Endecott sieve shaker was then switched on for 15
min. The amount of the granules left on each of
sieve was weighed and the percentage of the
granules on that sieve was calculated.

Table 1: Formulation compositions of the tablets

Batch Ingredient (mg)

code
Folic | Starch | Lactose | Binder | Talc | Magnesium
acid stearate

I 250 | 54.10 - 0.156 324 | 0.36

I 250 | 42.00 12.00 1.093 324 | 0.36

1l 250 | 30.00 24.00 1.015 324 | 0.36

I\ 250 | 18.00 36.00 0.78 324 | 0.36

v 250 | - 54.00 0.468 324 ]0.36

Table 2: Composition of starch and lactose in the
tablets (total weight = 60 mg)

Batch | Starch (%) | Lactose (%) | Folic acid (%)
code

I 90 0 4.1

I 70 20 4.1

1] 50 40 4.1

\% 30 60 4.1

V 0 90 4.1

Tablet compression

The granules were compressed into tablets on a
single punch Manesty tabletting machine (Manesty,
England) fitted with a circular 5.5 mm set of
punches and die, according to an established
method [3]. The compression pressure was
maintained at 4.5 kg/sq.cm and the speed of
compression was 70 tab/min.

Bioevaluation

Microbiological tests were carried out on the raw
starches and the formulations (granules and tablets)
using standard procedures [15, 16]. The pour plate
method was employed and the suspending media
were sterile distilled water and non-sterile distilled
water. A 5 % starch suspension was thoroughly
mixed on a Gallenkamp whirl mixer and 2 ml
volume was withdrawn and serially diluted in sterile
nutrient agar (N/A) for the bacteria and in
Sabouraud dextrose agar (SDA) for the fungi. The
plates were incubated at 37 °C for 48 h for bacteria
and at 24-26 °C for 96 h (for fungi). The plates were
observed daily for presence or absence of growth.
Viable counts were taken at the end of the
incubation period using the Gallenkamp colony
counter. Each experiment was replicated and the
mean colony/spores taken and the colony forming
units per ml (CFU/ml) or spore forming units per ml
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(SFU/ml) as the case may be were calculated. The
entire procedure was repeated using the granules
and the tablets.

Identification and confirmatory tests for micro-
organisms

Identification and confirmatory tests were carried
out, using standard procedures [17], on the starches
to detect the presence or absence of the following
micro-organisms in the samples: Escherichia Coli,
Salmonella  spp.  Staphylococcus  aureus,and
Pseudomonas aeruginosa for bacteria and Candida
albicans, Aspergillus niger, Rhizopus mucor and
Penicillium spp for fungi.

Stability studies

Time and relative humidity-dependent
microbiological studies were also carried out on the
raw starches and the formulations, following the ICH
guidelines [18] and in accordance with previous
study [12].

RESULTS AND DISCUSSION

The tapioca starch passed all the preliminary tests
(iodine and acidity tests) carried out to confirm the
presence of starch [3]. There was no cyanide
detected in the cassava starch sample. Cassava
contains cyanide in different quantities [8]. The
species of cassava cultivated in the northern parts
of Nigeria could be eaten raw or cooked [19]. Most
pharmaceutical industries have objected to the use
of cassava starch due to the presence of cyanide
[8]. There was no evidence of the presence of
cyanide in the starch employed in the present study.
The cyanide present in the species employed in this
study could have been destroyed during the
process of starch extraction, consistent with
previous report [19]. The Tapioca starches were
spherical with a particle density and size range of
1446 - 1461 g/lcm3 and 3.50 - 10.50 pm
respectively. Their moisture content varied between
8.09 and 20.0 % and with poor flow properties. The
steeping period is known to influence the physical
characteristics of the starches [7].

Table 3 shows the moisture absorption and
desorption properties of the local cassava starch
and imported maize starch B.P. It is evident from
the Table that the two starches absorbed moisture
gradually and lost all the moisture almost at the
same rate under the experimental conditions
employed. Cassava starch absorbed larger
amounts of moisture than maize starch B.P. at all
levels of relative humidities employed. At the
highest RH investigated i.e. 85 %, cassava starch
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absorbed 12.0 % while the maize starch absorbed
11.1 % of moisture. The moisture absorbed is
reversible as shown by the amounts of moisture
desorbed from the starches (Table 3).

While Figs. 1a-b depict the bacterial count which
was carried out first in the months of August and
September and second in the months of November
and December in both sterile and non-sterile
distilled water, respectively; Figs. 2a-d show the
level of fungi in the starches. Generally, there were
higher bacterial and fungal counts in the months of
August and September than in the months of
November and December. For bacterial count, in
the first case in the two starches, there were more
bacteria in the starches formulated in non-sterile
water than in sterile distilled water. Comparing the
bacterial count in the two starches prepared with
sterile distilled water, the imported maize starch
B.P. had higher bacterial count than the local

cassava starach. In the second case using sterile

distilled water, the bacterial count in the cassava

starch was higher than that in the imported maize

starch in both sterile and non-sterile distilled water.

More so, the level of fungal contaminants was

lower in the imported maize starch B.P. than in the

local cassava starch.

Table 3: Moisture absorption and desorption
properties of the starches

Relative Starch
Parameter | humidity

(%) Maize Cassava
Moisture 0 0 0
absorption | 33 6.2 7.3

76 9.1 10.1

85 11.1 12.0
Moisture 76 4.2 6.1
desorption | 33 6.3 7.4

0 12.3 13.5
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Figure 1a: Level of bacteria count in the starches
prepared using sterile distilled water.
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Figure 2a: Level of fungal SFU recorded in cassava
starch prepared using sterile distilled water

Figure 2b: Level of fungal SFU recorded in cassava
starch prepared using non-sterile distilled water
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Figure 2c: Level of fungal SFU recorded in maize
starch prepared using sterile distilled water

14 5

S.F.Ux10%/ml

12 A
10 A
8-
6-
4-
2 4
0 @ August and September
[ Novemberand December
PO N I S
¢ @ & F &
¥ & & &
~b’b ‘\‘\\\) Q\} ((\(\ §\\
F oo O & &
& & & & F
g .
¥ & F

Fungalisolates

Figure 2d: Level of fungal SFU recorded in maize
starch prepared using non-sterile distilled water

Fig. 3 shows the level of bacterial contaminants in
the folic acid granules and tablets prepared with the
starches. The test was carried out in sterile distilled
water only. The granules prepared with the imported
maize starch B. P. recorded higher number of
bacterial count than the granules prepared with the
local cassava starch. The effect of relative humidity
on the level of bacterial contaminants is shown in
Fig. 4. The level of bacterial contaminants in the
tablets prepared with cassava starch was higher
than in the tablets prepared with maize starch B. P.
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Comparing the bacteria count in the granules and
tablets prepared with the starches, there was
marked reduction in the bacterial count in the
tablets prepared with maize starch B.P. The reverse
was the case with granules and tablets prepared
with cassava starch where the tablets recorded
higher bacteria count than the granules. As
illustrated in Fig. 4, at 0 % R.H., the bacteria count
in the two starches was between 1 x 104 to 2 x 10¢
CFU/ml. However, at 85 % R.H., the two bacteria
count increased considerably to between 3 x 104 to
5 x 104 CFU/ml with tablets formulated with maize
starch B.P. recording a higher number than tablets
prepared with cassava starch. Fig. 5a-b show the
level of fungal contaminants in the folic acid tablets
stored under 0 % and 85 % relative humidities for
five weeks. The figure indicates that, at 0 % R.H.,
the level of fungi was less in all the tablets
formulated with the two different starches as
compared to that at 85 % R.H. Tablets formulated
with cassava starch, however, recorded a lower
level of fungal contaminat than tablets prepared with
maize starch B.P. at both 0 % and 85 % R.H.
Identification/confirmatory  tests revealed the
presence of bacteria (Staph aureus and E. coli) and
fungi (Candida albicans, penicillium notatum, Asp.
flavus, Asp. niger and Rhizopus mucor) in the
cassava and maize starches. However, the maize
starch B.P. had less level of contaminants than
cassava starch in sterile media. In fact, in the
months of August and September in sterile media,
there were only two types of contaminants identified
in the maize starch B.P., namely Asp. flavus and
Candida albicans.

C.F.U.x 104 /ml

Maize starch

Cassavastarch

BGranules ETablets

Fig. 3: Level of bacterial count recorded in cassava
starch based folic acid granules and tablets.
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Fig. 4: Viable count of bacteria recorded in cassava
starch based folic acid tablets upon storage.
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Fig. 5a: Level of fungal contaminants recorded in
cassava starch based folic acid tablets upon
storage
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Fig. 5b: Level of fungal contaminants recorded in
maize starch based folic acid tablets upon storage.

It is discernible from the results of the bioevaluation
that the levels of both bacteria and fungi isolated

50

were higher when non-sterile distilled water was
used than when sterile distilled water was used.
This was due to the killing of a lot of the bacteria
during the sterilization process [17]. It was also
observed that the level of contaminant was higher
during the months of August and September than
during the months of November and December.
This was due to the high humidity plus the high
temperature which provided a good breeding
ground for the bacteria during the months of August
and September as against the dry weather
condition, low humidity and low temperature during
the months of November and December;
environmental conditions that are not conducive for
bacterial growth [17]. Results equally indicate that,
during the months of August and September, the
imported maize starch B.P. recorded higher level of
bacterial contaminant than the cassava starch. The
reason for this is not certain but may be related to
chanced contamination during tablet production
[17]. Ideally, the imported maize starch ought to
have recorded a lower amount of bacterial
contaminants than the cassava starch. However,
during the months of November and December,
there was higher bacterial contamination in the
cassava starch than in the imported maize starch
B.P. In the case of fungi, maize starch B.P.
recorded less number of fungi than the cassava
starch. In the months of November and December,
the two different starches recorded less number of
SFU/ml of fungi possibly as a result of lower level
of relative humidity and lower temperature which
were not conducive for fungal growth. Therefore,
the weather affected the growth of the fungi since
they are all vegetative in nature.

When the level of contaminants from the raw
material, the granules and the tablets were
compared, the starting raw material contained
higher level of contaminats than the granules and
the tablets contained the least level of contaminants
in the case of bacteria. The only exception was the
cassava starch-based tablet which contained a
higher level of contaminants in the tablets than the
granules, which may be attributed to chanced
contamination during tableting. There might have
been gradual destruction of the bacterial cells
during the process of granulation and tableting [17].
The process of drying and tableting involved heat
[3, 5, 912, 19] and since most of these micro-
organisms were vegetative they might have been
destroyed in the process. The higher bacterial
growth recorded under 85 % R.H. than the 0 % RH
is further proof that high humidity supports bacterial
growth whereas low RH retards bacterial growth.
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The contaminants isolated from the starch samples,
granules and tablets call for the observation of
current Good Manufacturing Practices (cGMP). If
cGMP is not followed, it could lead to
microbiological spoilage of pharmaceuticals [17,
20]. This condition is caused by the presence of
specific types of pathogens in the pharmaceutical
products. Bacterial contaminants of raw materials
and the finished products have been known to lead
to microbial spoilage, which is manifested when the
presence of active pathogenic organism is high or
when a higher level of opportunists is observed
(when the level of opportunists are high, they can
become pathogenic); when toxic microbial
metabolites are present; when there is detectable
physical and chemical changes which have
occurred in the product [20]. cGMP requires that
correct raw materials should be used and
appropriate procedures adopted by adequately
trained personnel working with suitable and
necessary facilities. Moreover, pharmaceutical raw
materials should be free from potential pathogens
namely  Salmonella, Escherichia coli and
Pseudomonas aeruginosa [20]. Therefore, the
detection and isolation of these pathogenic
microorganisms from samples calls for extra care in
the manufacturing process. The level of
opportunistic organisms present under given
suitable conditions could become pathogenic.

On the whole, the results of this study indicate that
cassava and maize starches contained both high
level of opportunists and some active pathogens.
Furthermore, the final products (tablets) had lower
level of contaminants than the starting raw materials
(starches), an implication that a lot of the
microorganisms  were destroyed during the
processes of granulation and tableting.

CONCLUSIONS

This study has shown that the imported maize
starch B.P. had a level of microbial contaminants
which is comparable with the locally extracted
cassava starch. The level of microbial
contamination, which was higher when non-sterile
distilled water was used as the diluting medium than
when sterile distilled water was employed, was
shown to be dependent on both the temperature
and relative humidity, with high humidity supporting
microbial growth in the products. Folic acid tablets
formulated with the two different starches exhibited
lower level of microbial contaminants than the raw
starches, indicating possible denaturation of the
mainly vegetative organisms during tableting.
Further bioevaluation is ongoing in our laboratory on
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the effect of compression during tableting on the
level of microbial contamination.
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