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Abstract

The influence of the type and source of 8 microcrystalline cellulose samples on the capsule filling performance has
been investigated. Different sources of fine, medium and coarse grade microcrystalline cellulose have been used.
Several properties of the powders such as particle size, packing and flow were determined and related to the capsule
filling behaviour and the capsule disintegration time. A fine grade microcrystalline cellulose such as Avicel® PH105
cannot be used in capsule filling because of unsatisfactory flow properties. Medium and coarse grade microcrystalline
cellulose can be classified as a good capsule filling excipient, but not all sources are suitable. The Liidde-Kawakita
constant a (Liidde and Kawakita, 1966) and Hausner’s ratio (Hausner, 1967) are good indicators of the capsule filling
performance, especially in terms of interchangeability of different sources, possibility of filling above maximum bulk
density and flow problems producing large coefficients of fill weight variation.
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1. Introduction Rowe, 1991; Podczeck and Newton, 1992a; Pod-

czeck and Newton, 1992b; Podczeck and Révész,

Microcrystalline cellulose is a very important 1993), and there are some common .rules about

excipient for oral solid dosage forms. While the effect of the type of microcrystalline cellulose

widely studied in tabletting (Doelker et al., 1987; on the manufacturing properties of tablets. The

Whiteman and Yarwood. 1988: Podczeck et al. relevance of these problems in capsule filling,
1993; Dittgen, 1993), there is little information in ~ DOWEVer, is unknown.

The aim of the present paper was to investigate

the literature about its capsule filling perfor-
b &P the effect of type and source of microcrystalline

mance. Microcrystalline cellulose exists in several .
types and can be purchased from different manu- cellulose products on the capsule filling perfor-

facturers. The problem of source variability is well mance. ‘Flne, medium aqd course grades of micro-
known (Roberts and Rowe, 1987; Parker and crystalline cellulose of different sources have been

studied, and powder properties such as compress-
ibility, flow, packing and particle size have been
* Corresponding author. related to the coefficient of fill weight variation,
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Table 1

Powder properties of different microcrystalline cellulose products

Source Ed (pm) PSR (#m) ¢ () H C (%) a (%) b SV (%)
Avicel PH102 86 200 34.3 1.23 18.4 17.8 0.115 22.7
Unimac MG-200 97 250 40.2 1.34 24.0 28.2 0.028 40.0
Avicel PH101 64 145 31.7 1.29 22.4 24.7 0.053 333
Microcel 99 220 40.0 1.32 24.5 24.5 0.058 38.1
Emcocel 77 170 254 1.26 20.4 23.8 0.114 31.8
Unimac MG-100 71 192 31.3 1.38 28.7 29.6 0.081 38.1
Avicel PH103 60 150 41.8 1.34 25.2 254 0.083 30.0
Avicel PH105 41 110 383 1.50 31.5 36.2 0.023 27.3

Ed, Edmundson’s volume distribution diameter; PSR, particle size range; ¢, angle of wall friction; H, Hausner’s ratio, C, Carr’s
compressibility; a, b, constants of the Liidde-Kawakita equation; SV, increase in volume due to swelling.

adhesion and disintegration of the capsules filled
using a dosator nozzle filling machine.

2. Materials and methods

Microcrystalline cellulose of the following types
and sources has been used: Avicel® PHI01,
PH102, PHI103, PH105 (FMC Corporation,
Philadelphia, USA), Microcel® (Blanver Farm.
Ltd., Cotia, Brazil), Emcocel® (E. Mendell, Kuo-
pio, Finland) and Unimac® MG-100, MG-200
(Unitika Rayon, Osaka, Japan).

Particle size analysis has been undertaken using
image analysis (Solitaire 512, Seescan, Cambridge,
UK), suspending the powders in paraffin oil. Ed-
mundson’s volume distribution diameter and the
particle size range have been determined from
1000 particles.

The minimum and maximum bulk density of
the powders were measured in a 200 ml measuring
cylinder using a tapping device (B.S. 1800, 1967).
Readings were made after every 5 taps up to 50
and then every 10 taps until the volume did not
change over 5 consecutive tapping intervals. From
these readings the Liidde-Kawakita constants a
and b (Liidde and Kawakita, 1966; Kawakita and
Liidde, 1970/71) were also calculated. Carr’s com-
pressibility (Carr, 1965) and Hausner’s ratio
(Hausner, 1967) were determined from the mini-
mum and maximum bulk density values.

The angle of wall friction was measured using
an annular shear cell as described by Tan and
Newton, 1990.

Hard gelatin capsules were filled on an auto-
matic dosator nozzle filling machine (Zanasi AZS3,
Industria Macchine Automatiche, Bologna, Italy)
using size 0 capsule shells and a target fill weight
of 300 mg. The filling was performed at maximum
bulk density without further compression. No lu-
bricant was used. For the determination of the
coefficient of fill weight variation, 20 capsules
were randomly obtained and the BP test of uni-
formity of fill weight was performed. After each
filling the nozzles were inspected for powder coat-
ing (adhesion) and the amount of coating was
graded as 0.0 (no coating), 0.5 (slight coating) and
1.0 (strong coating).

The disintegration time of the capsules was
assessed by the BP test procedure using 6 cap-
sules, whereas the swelling rate of the powders
was evaluated as described by Podczeck and
Révész, 1993.

3. Results and discussion

Table 1 summarizes the results of the powder
properties obtained from the different microcrys-
talline cellulose products. Avicel PH102 and Uni-
mac MG-200 are both coarse grade powders, but
due to the difference in source they vary consider-
ably in their particle size, flow properties (Haus-
ner’s ratio, Carr’s compressibility and the angle of
wall friction), compressibility (Liidde-Kawakita
constant a) and swelling ratio. Avicel PH105 is the
only fine grade microcrystalline cellulose tested.
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Its very bad flow properties (Hausner’s ratio and
Carr’s compressibility) can be due to its small
particle size. The other five batches of microcrys-
talline cellulose are medium grade products,
which again, vary largely in their powder proper-
ties.

Table 2 lists the parameters evaluated to de-
scribe the capsule filling performance and the
disintegration of the capsules. Avicel PH105 did
not give filled capsules because of extreme flow
problems. An addition of 1.0% magnesium
stearate did not improve the flow properties, and
hence Avicel PH105 and probably other fine
grade microcrystalline cellulose products cannot
be recommended for use in capsule filling. The
coefficient of fill weight variation for medium and
coarse grade microcrystalline cellulose products
varies between 1.1 and 3.1% without showing a
clear dependence on particle size. Adhesion to the
metal surface of the nozzles, quantified as a grade
of coating, is also found to occur in both coarse
and medium grade products. Jolliffe et al., 1980
proposed a relation between compression of the
powder in the nozzle, ease of ejection of the
powder plug and coefficient of fill weight varia-
tion. They recommended the use of low compres-
sive forces, which assure the formation of a plug
but do not hinder the ejection of the plug into the
capsule body. Visual inspection of the plugs has
shown that the plug formation was satisfactory in
all cases, and therefore one could assume that
either the adhesion of the plug to the nozzle wall
or the difference in flowability might have caused

Table 2
Capsule filling performance and disintegration time

Source CV (%) CcO D (min)
Avicel PH102 1.5 0.5 6.0
Unimac MG-200 3.1 1.0 5.2
Avicel PH101 2.1 0.0 6.0
Microcel 1.1 0.5 10.8
Emcocel 1.2 0.0 6.5
Unimac MG-100 2.0 1.0 11.0
Avicel PH103 2.0 0.0 4.7

Avicel PH105 No capsule filling

CV, coefficient of fill weight variation; CO, nozzle coating rate;
D, disintegration time.

the differences in the coefficient of fill weight
variation. However, neither the coating of the
nozzle observed nor the flow properties of the
powders (angle of wall friction, Hausner’s ratio,
Carr’s compressibility) are simply related to the
filling.

The disintegration time of the capsules made
from coarse grade microcrystalline cellulose pow-
ders is similarly low, but for medium grade prod-
ucts a wide variability can be reported. Metha and
Augsburger, 1981 have shown that the disintegra-
tion of capsules depends on the densification of
the powder plugs, and they recommended to fill
capsules with no or only a small amount of
compression. In this study the capsules have been
filled at maximum bulk density, hence virtually
without compression. Therefore the disintegration
time of the capsules filled with different micro-
crystalline cellulose products should purely be the
result of the powder properties. Microcrystalline
cellulose acts as disintegrant itself by enhancing
the water penetration into the compact. Further-
more microcrystalline cellulose products increase
their volume by swelling, when in contact with
water, by up to 45% (Podczeck and Révész, 1993).
However, there is no relationship between the
swelling volume and the disintegration time.

Using the coefficient of fill weight variation as a
criterion to group the microcrystalline cellulose
products tested, three groups can be identified:
(1) Avicel PH102, Microcel, Emcocel;

(2) Avicel PH103, PH101, Unimac MG-100;
(3) Unimac MG-200.

The first group has the lowest coefficient of fill
weight variation, followed by group 2, but the
values obtained in group 2 are still below the
upper limit for the coefficient of fill weight varia-
tion according to the BP. The coeflicient of fill
weight variation of 3.1% (Unimac MG-200)
would, in practice, be regarded as an indication of
filling problems. Microcel and Emcocel are
claimed to be usable as exchange materials for
Avicel PH101. However, this simple approach for
evaluation of the results of the experiments sug-
gests their similarity with Avicel PH102. Unimac
MG-200 should be equivalent to Avicel PH102,
but obviously such an exchange could cause prob-
lems in filling.



126 R. Patel, F. Podczeck | International Journal of Pharmaceutics 128 (1996) 123-127

300

n
o
o

.

Unimac MG-200
"

Microcet
[]

Avicel PH102 -
- Unimac MG-100
Emcocel

second Principal Component
o -]
o o
1

"L
Avicel PH101/PH103

100 — ‘
15 20 25 30 35

first Principai Component

Fig. 1. Principal Component Analysis to cluster different mi-
crocrystalline cellulose products according to their powder
properties and their capsule filling performance.

Principal Component Analysis reduces a variety
of correlated input variables into a usually smaller
number of Principal Components, which are un-
correlated (Flury and Riedwyl, 1983). In this pa-
per, it was used to enhance the complex
relationship between the powder properties of the
microcrystalline cellulose products and the cap-
sule filling performance. Two significant Principal
Components, which are able to explain 89.9% of
the information contained in the data, were con-
structed. The first Principal Component is com-
posed of the Liidde-Kawakita constant a,
Hausner’s ratio, the coefficient of fill weight varia-
tion and the coating level, whereas the second
Principal Component consists of the Liidde-
Kawakita constant b, mean particle size (Ed-
mundson’s volume distribution diameter) and
particle size range. Hence, the latter Principal
Component reflects the particulate properties of
the microcrystalline cellulose samples, whereas the
former Principal Component represents the pow-
der properties. The angle of wall friction and
Carr’s compressibility are not contained in the
Principal Components, because they contained no
further information. Using the first Principal
Component as a criterion to group the microcrys-
talline cellulose samples, three clusters appear in
the graphical presentation (see Fig. 1), but they
are different from the groups obtained using only
the coefficient of fill weight variation. Avicel
PHI102 is a single point cluster, Unimac MG-100

and MG-200 form a second cluster, and Emcocel,
Microcel and Avicel PH101 and PH103 are to-
gether in a third cluster. Avicel PH102 has com-
paratively good filling properties (low coefficient
of fill weight variation, only slight nozzle coating,
good powder flow), but it would not be very
useful if the powder requires filling above the
maximum bulk density, because the Liidde-
Kawakita constant a is very small. At the other
extreme, the Unimac products would be the mi-
crocrystalline cellulose products of choice if com-
pression is desired, but the filling behaviour
(excessive nozzle coating, high coefficient of fill
weight variation) is not very good due to consid-
erable poor flow properties (Hausner’s ratio). In
fact, Avicel PH101, PH103, Microcel and Emco-
cel appear to be the most suitable microcrystalline
cellulose sources tested for capsule filling. Al-
though they vary considerably in their powder
properties, they appear to be exchangeable in
terms of capsule filling performance.
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