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Abstract

The tolerance of useful bacterial spores to the conditions of tablet making, specifically, the
destruction of bacterial spores upon compressional pressure was investigated. ’

The damage of bacterial spores occurred mainly during the tabletting. The bacterial spores
obeyed a logarithmic destruction rate upon compressional pressure. The spore destruction rate
was dependent upon the strains of microorganism. The Decimal Reduction Pressure, designated
as P-value, were 2.9fon/cm? 2.6 ton/cm® and 2.1ton/cm?® for the spores of Baciilus subtilis,
Bacilus coagulans and Clostridium butyricum, respectively, and 1.7 fon/cm?® for the vegetative
cell of Streptococcus faecalis.

The spore destruction upon compressional pressure was influenced by the type of filler.
The P-value of the spore of B. coagulans was 2.8fon/cm? in the lactose filler, but 2.0fen
/em® in the starch filler. The number of viable spores was inversely proportional to the hard-
ness and density of tablet, in case that the same type of filler was used. The starch filler,

which resulted in the lower hardness and lower density of tablet, caused higher spore destruc-

tion rate compared with the lactose filler.

Introduction

Tabletting of useful microorganisms in food and
pharmaceutical products is a widely used and well
mechanized process. Microorganisms are mixed with
filler, which has a good tablet forming property,
and compressed in a2 mould™®, One of the impor-
tant criteria of the procsss is the survival of the
added microorganisms through the selected condi-

tions of tablet making. Bacterial spores are often
used for this purpose because of their high tolerance
to low water activity, high ionic strength, high
osmotic pressure and other mechanical forces®:%,
This study examined the tolerance of bacterial
spores to the conditions of tablet making. Specifi-
cally, the destruction of bacterial spores upon com-
pressional pressure was investigated. The effect
of different types of filler on the spore destruction

rate was studied, and the mechanism of spore des-
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truction upon compression was considered.

Materials and Methods

Test microorganisms

Spores of Bacillus coagulans (lactic acid forming
bacteria), Bacillus subtilis (amylase producing
bacteria) and Clostridium butyricum (butyric acid
producing bacteria) were tested. The vegetative
cell of Streptococcus faecalis, which is considered
to be tolerant to the conditions used for tablet mak-
ing, was also tested in order to compare the tol-

erance of vegetative cells to that of bacterial spores.

Spore preparation

Bacillus coagulans was grown in a 30/ jar fer-
mentor (L. E. Marubishi Co., Ltd., Japan) with
12/ yeast extract-peptone medium of pH 5.0 at
45°C. The broth medium was agitated and aerated
at a rate of 200rpm and 1w2/v/min, respectively.
The number of cell reached to 15~20 x 108/m! after
12~14 hrs of cultivation, and 909 of the cells form-
ed spores. The spores were matured for 6~10
hrs before the harvesting by centrifugal separation.
Bacillus subtilis was grown in Roux flask for sur-
face culture using soybean extract broth medium
of pH 6.8 at37°C®:D, Clostridium butyricum was
grown anaerobically in a 30/ jar fermeator with
16/ starch molasses medium of pH 6.8 at 37°C®,
Similarly, Strepiococcus faecalis was grown anae-

robically with molasses medium of pH 6.8 at 37°C.

Fillers
Mixtures of lactose (Meggle Milchindustrie GMBH
& Co., West Germany) and corn starch (Pungjin
Chemical Co.,

ratio of the two components in the mixture was

Korea) were used as filler. The

varied. Lactose filler was designated to a mixture
containing 70% lactose and 30% corn starch, and
starch filler was named to a mixture containing
409% lactose and 639% corn starch.

Tablet making

The bacterial spores harvested were mixed with
filler and granulated by kneeding on a basket typs
granulator. The granules were dried at 60°C for 1
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hr and ground into powder. The final concentration:
of the bacterial spores was adjusted to 1~4x10%
spores per g powder during the final mixing.
The granulated powder was compressed into tablet
with a 24-punch rotary tabletting machine (Kilian
& Co., West Germany). The term tabletting is.
specifically used for this process. The compressional
pressure was varied from 500 to 3,500 kg/cm® by
adjusting the pressure-spring handle. The accuracy
of the testing pressure level was checked by the
pressure-tablet height relationship of lactose filler
published by Yumioka®?, The flow diagram for the
tablet making of bacterial spores is shown in Fig. L.

Viable cell count

The of viable cell number was determined by
the methods of Postage®.
ble cell of B. coagulans was determined by BCP

The number of via-

plate count method, B. subfilis by starch agar

plate count method, and C/. butyricum and Sir.

faecalis by roll-tube method using FTM agar.

Physical properties of tablet
The hardness of tablet was measured by a spring
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Fig. 1. Flow diagram for the production of
tablet containning bacteria spores
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lever type hardness tester. The bulk density of the
filler was determined by measuring the weight of
the filler packed by tapping in a container of
known volume. The density of tablet was calcul-
ated from the weight and size of tablet.

Results

Spore destruction pattern during tablet making

The destruction pattern of bacterial spores during
the tablet making indicated that the major spore
destruction occurred during tabletting. As shown
in Fig. 2, 109% of the added spores were damaged
during granulation, whereas 60~709% of the added
spores were destroyed during tabletting. The type
of filler did not affect the degree of spore damage
during granulation. On the other hand, a signific-
ant difference in spore destruction was observed
during tabletting depending on the type of filler

used.

Destruction rate of bacterial spores upon com-

pressional pressure

Fig. 3 shows the destruction curve of bacterial
spores in lactose filler compressed at different pr-
essures for a constant time (0.42sec). The declin-

ing straight lines on the semi-logarithmic plot
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Fig. 2. Destruction of the spores of B. coagula-
ns during tabletting process
O—0 : lactose filler; A—A : Starch filler
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T AT
indicates that the bacterial spores has a logarithmic
destruction rate upon compressional pressure. The
destruction curve of bacterial spores fitted to the
following equation:

log C,=log Co—KP,
where C; is the viable spore concentration after
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Fig. 3. Destruction curve of bacterial spores in
lactose filler wupon compressional press-
ure
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Fig. 4. Destruction curve of B. coagulans spores
in different fillers upon compressional
pressure
'O—0 : lactose filler; A—A : starch filler
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Table 1. Regression analysis for the spore destruction curves upon compressional pressure and

the P-value of the spores

Standard .
Strains Slope(K) g:;;i;ls?gn()f Sge"fréggg’tn P-value(Zon/cm?)
B. subtilis 0.3406 0.0579 —0.9911 2.9
B. coagulans 0. 3869 0. 0480 —0.9931 2.6
Cl. butyricum 0.4750 0.0720 —0.9896 2.1
Str. faecalis 0.5838 0.0358 —0.9833 1.7

compression at pressure P;, C, is the initial spore
concentration, and K is a constant, which is the
slope of the curve. This equation is similar to that
for the chemical reaction kinetics, except for that
the changes in spore concentration is considered as
a function of pressure instead of time. As shown
in Table 1, the slope of spore of spore destruction
curve upon compressional pressure changed by the
species of bacteria. The slope increased in the or-
der of B. subtilis, B. coagulans, and Cl. butyri-
cum. The slope of the vegetative cell of Siér. jae-
calis was significantly steepsr than those of bact-
erial spores.

In order to describe the tolerance of bacterial
spores to the compressional pressure quantitatively,
the Decimal Reduction Pressure, P-value, is intro-
duced by taking the reciprocal of the slope of the
The P-value is defined as the
increment of pressure necessary to reduce the num-

destruction curve.

ber of living spores to 1/10 of the initial concen-
tration. The P-value of the spores of B. subdtilis
was 2.9ton/cm?, B. coagulans 2.6 ton/cm?, and
Cl. butyricum 2.1ton/cm® The P-value of the ve-
getative cell of S¢r. 1.7 ton/cm?,
which was distinguishably lower than those of

bacterial spores.

faecalis was

Effect of the type of filler on spore destruc-

tion

Fig. 4 shows the destruction curve upon comp-
ressional pressure of the spore of B. coagulans in
lactose and starch fillers. The slope of the curve
changed by the type of filler used. As shown in
‘Table 2, the slope of strach filler was significantly
greater than that of lactose filler. The P-value of

the spore of B. coagulans in lactose filler was

2.8 ton/cm?, while that of the same spore in starch
filler was 2.0 ton/cm?.

The effect of the type of filler on spore destruc-
tion was further analyzed in terms of the hard-
ness and the density of tablet. Fig. 5 shows the
changes in spore destruction and the hardness of
tablet upon compressional pressure. For the lactose
filler, the hardness of tablet increased proportion-
It resulted
in the inversely proportional relationship between

ally with the compressional pressure.

hardness of tablet and the number of spores sur-
On the other hand, the
hardness of the tablet made by starch filler was
not proportionally increased with the compressional

vived after compression.
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Fig. 5. Relationship between compressional
pressure and hardness of tablets
made by different fillers
QO :lactose filler; A :starch filler;
~—— . hardness: ...... : viable spore no.
of B. coagulans
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pressure. The hardness of the tablet made by
starch filler was lower than that of lactose filler,
although the spore destruction in starch filler was
greater than that in lactose filler. Thus, the in-
versely proportional relationship between the hard-
ness of tablet and viable spore number after com-
pression was valid only for the same type of fill>r.

The bulk densities of lactose filler and starch
filler were 0.8586 g/cm?® and 0.7752 g/cm?, respec:
tively. Fig. 6 shows the changes in the tablet
The viable

spore number appeared to be inversely proportional

density upon compressional pressure.

to the tablet density for the same type of filler.
However, the tablet density of starch filler, which
caused greater spore destrutction, was lower than
that of lactose filler.

Discussion

The thermal destruction of bacterial spores has
been widely studied for the development of thermal
processing of food"®, However, little attention has
been paid to the destruction behavior of bacterial
spores upon pressure. This study found a logari-
thmic dstruction rate of bacterial spores upon com-
pressional pressure.

The term destruction rate used in this study is
not related to the chemical reaction kinetics, which
is usually calculated on the basis of time. Instead,
the spore destruction rate was calculated on the
basis of pressure with a fixed compression time.
Therefore, the P-value is conceptually different
from the D-value or Z-value for the thermal resis-
tance of microogranisms. The P-value is to be
changed by the compression time and the type of
filler. However, when these conditions are identical
the P-value can be used for a parameter represent-
ing the resistance of bacterial spores to the com-
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pressional pressure. In this study, the initial num-
ber of spore was fixed at one level of the con-
centration. The destruction rate at varied levels of
the initial spore concentration is presently under
investigation in order to generalize the spore des-
truction behavior upon compressional pressure.
The effect of the type of filler on the spore des-
truction rate is of industrial importance. This will
also provide a clue for developing the mechanism
of spore destruction upon compressional pressure.
The lactose powder used in this study was multi
-shaped particles having 1~20 zm of axial length.
The corn starch was uniform spherical particles of
10~20 gm in diameter. The lactose filler which
contained 70% lactose and 30% corn starch would

Table 2, Regression analysis for the spore destruction curve of B. coagulans in different fillers
and their P-values

Standard :
Fillers Slope(K) deviation of g&’éﬁ?&%ﬂ P-value(ton/cm?)
regression
Lactose filler 0.3573 0.045 —0.9915 2.8
Starch filler 0.4979 0.1352 —0.9679 2.2
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have lactose as the continuous phase in the com-
pressed tablet, whereas the starch filler which had
409% lactose and 609% corn starch would have starch
as the continuous phase in the tablet. When the
starch concentration exceeded the level necessary
to form the starch as the continuous phase, the
tablet formation was unsatisfactory. The volume
of tablet became larger and cracking of tablet oc-
curred. The greater tablet height with the strach
filler will result in the longer compression time in
the rotary tabletting machine.

The selection of materials for filler is, therefore,
important for the survival of bacterial spores dur-
ing tabletting. The present study suggests that the
proper combination of fillers having different shap-
es and mechanical properties can improve the
survival of useful bacterial spores during tablett-
ing. The mechanism of spore destruction and the
interaction between bacterial spore and fillers dur-
ing compression need further study.
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