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SUMMARY

A study of the properties of tablets from two types of directly compressible xylitol
The paper deals with the study of tensile strength and disintegration time of tablets from two types
of directly compressible xylitol, Xylitab 100 and Xylitab 200, in dependence on compression force,
addition of two types of lubricants in one concentration, and two types of active ingredients. Tablets
were compressed using the compression forces of 6, 8, and 10 kN, in the case of tableting materials
with active ingredients, only 10 kN. The lubricants employed were magnesium stearate and sodium
stearyl fumarate at the concentration of 1%, the active ingredients, ascorbic acid and acetylsalicylic
acid at the concentration of 50%. The strength of tablets increased with compression force.
Compacts from Xylitab 100 possessed a higher strength and it was more decreased by added
lubricants than compacts from Xylitab 200, in which, in contrast to Xylitab 100, magnesium
stearate decreased strength more. Disintegration time was longer in the case of compacts
with Xylitab 200; it increased with compression force, except in those with Xylitab 200 with
magnesium stearate and it was prolonged in the case of the presence of lubricants, more in the case
of magnesium stearate . Compacts with both active ingredients were stronger and possessed
a shorter disintegration time in the case of Xylitab 100. A significantly higher strength and a longer
disintegration time was observed in the tablets with acetylsalicylic acid. 
Key words: Xylitab 100 – Xylitab 200 – lubricants – tensile strength of tablets – time of
disintegration
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SOUHRN

Studium vlastností tablet ze dvou typů přímo lisovatelného xylitolu
Práce se zabývá studiem pevnosti a doby rozpadu tablet ze dvou typů přímo lisovatelného xylitolu
a to Xylitabu 100 a Xylitabu 200 v závislosti na lisovací síle, přídavku dvou typů mazadel v jedné
koncentraci a dvou typů léčivých látek. Tablety se lisovaly silou 6, 8, a 10 kN, tabletoviny s léčivy
pouze 10 kN. Použitá mazadla byla stearan hořečnatý a stearylfumarát sodný v koncentraci 1 %,
léčivé látky kyselina askorbová a kyselina acetylsalicylová v koncentraci 50 %. Pevnost tablet rost-
la s lisovací silou. Výlisky z Xylitabu 100 měly pevnost vyšší a více sníženou přídavkem mazadel
než výlisky z Xylitabu 200, u něhož na rozdíl od Xylitabu 100 více snižoval pevnost stearan hořeč-
natý. Doba rozpadu byla delší v případě výlisků s Xylitabem 200, rostla s lisovací silou, kromě Xyli-
tabu 200 se stearanem hořečnatým a byla prodloužena mazadly, více stearanem hořečnatým. Výlis-
ky s oběma léčivy byly pevnější a s kratší dobou rozpadu v případě Xylitabu 100. Významně vyšší
pevnost a delší dobu rozpadu měly tablety s kyselinou acetylsalicylovou. 
Klíčová slova: Xylitab 100 – Xylitab 200 – mazadla – pevnost tablet v tahu – doba rozpadu
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Introduction

Xylitol is a sugar alcohol, commonly occurring, e.g. in
fruit and vegetables. It is the sweetest of all polyols and
there is no aftertaste in the mouth, otherwise typical of
artificial sweeteners. Most frequently it is obtained by
hydrolysis of xylan from various sources of cellulose. It
is used as a substitute for sucrose in foodstuffs and as
a filler in classic as well as chewing tablets, where it
exerts its sweet taste and cooling effect, originating due to
high negative heat of dissolution. Xylitol is slightly
hygroscopic. Its great advantages include decreased
formation of dental plaque and no tooth decay, in contrast
to, e.g. sucrose, which are used by many microorganisms
for fermenting processes resulting in the production of
acid products negatively acting in the oral cavity1).

Garr and Rubinstein 2) studied the principal
properties of directly compressible powdered xylitol of
an average particle size of 170 μm. The study resulted
in the finding that radial strength and elastic renewal of
xylitol tablets are independent of compression velocity
and that the dominant mechanism of compression is
the mechanism of fragmentation of particles. Tensile
strength of tablets was increasing up to the
compression force of 22 kN and then it began to
decrease due to elastic relaxation.

Granulated form of compressible xylitol is known
under the trade name Xylitab®. There are three principal
types of Xylitab, Xylitab 100, 200, and 300. Xylitab 100
is granulated by polydextrose, Xylitab 200 by the
carmellose sodium, and Xylitab 300 by the solution of
xylitol alone. Xylitab 200 possesses a larger average
particle size and bulk as well tap density than
Xylitab 100 3). Both substances possess excellent
flowability 4). On compression, it is necessary to use
lubricants, in which the combination of 0.5% of
magnesium stearate and 0.5% stearic acid proved to be
most suitable 5).

The paper aimed to study the tensile strength and
disintegration time of compacts from Xylitab 100 and
200 in dependence on compression force, addition of two
types of lubricants at one concentration, and two types of
active ingredients.

EXPERIMENTAL PART

Materials

Xylitab® 100 – agglomerated xylitol (96.8% xylitol +
3% polydextrose, 0.2% reducing sugars)

(Danisco, Finland);
Xylitab® 200 – agglomerated xylitol (98.5% xylitol +

1.5% carmellose sodium)
(Danisco, Finland);

magnesium stearate (Acros Organics, New Jersey,
USA);

Pruv® – sodium stearyl fumarate (J. Rettenmaier &
Söhne GmbH+Co, Rosenberg, Germany)

Acetylsalicylic acid (Schütz and Co. GmbH,
Hamburg, Germany);

ascorbic acid (Northeast General Pharmaceutical
Factory, Shenyang, China).

Preparation of tableting materials and tablets

A list of tableting materials evaluated in the study:
• Xylitab 100
• Xylitab 100 with 1% magnesium stearate
• Xylitab 100 with 1% Pruv
• Xylitab 100 with 50% acetylsalicylic acid and with

1% magnesiim stearate
• Xylitab 100 with 50% acetylsalicylic acid and with

1% Pruv
• Xylitab 100 with 50% ascorbic acid and with 1%

magnesium stearate
• Xylitab 100 with 50% ascorbic acid and with 1%

Pruv
• Xylitab 200
• Xylitab 200 with 1% magnesium stearate
• Xylitab 200 with 1% Pruv
• Xylitab 200 with 50% acetylsalicylic acid and with

1% magnesium stearate
• Xylitab 200 with 50% acetylsalicylic acid and with

1% Pruv
• Xylitab 200 with 50% ascorbic acid and with 1%

magnesium stearate
• Xylitab 200 with 50% ascorbic acid and with 1%

Pruv

The dry binder was mixed with the lubricant always
for 5 minutes in a stainless steel cube KB 15S (Erweka
GmbH, Hausenstamm, Germany). In the mixtures with
an active ingredient, the dry binder was mixed with the
active ingredient for 5 minutes first and then the
lubricants sodium stearyl fumarate or magnesium
stearate were added for 5 minutes.

All tableting materials were used to produce 16
tablets compressed with the use of a special die with
an upper and a lower punch on a material testing
equipment T1-FRO 50 TH.A1K Zwick/Roell (Zwick
GmbH&Co, Ulm, Germany). The tablets were of
a cylindrical shape without facets with a diameter of
13 mm and weight of 0.5 ± 0.0010 g. Compression
velocity was 40 mm/min and compression forces of 6,
8, and 10 kN. Mixtures including active ingredients
were compressed using only a compression force of
10 kN.

Measurement of tensile strength of tablets and
evaluation of the lubricant sensitivity 
of tableting materials 

Tensile strength was always evaluated in 10 tablets,
first no sooner than 24 hours after compaction.
Measurements were performed on a Schleuniger
apparatus (Dr. Schleuniger Pharmatron AG, Solothurn,
Switzerland), which measured tablet sizes accurate to
0.01 mm and destruction force in N. Tensile strength of
tablets was calculated according to Eq. [1]:
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P =  , [1]

where P is tensile strength of tablets (MPa), F is
destruction force (N), d is tablet diameter (mm), and h is
thickness of the tablet (mm) 6).

LSR (lubricant sensitivity ratio) values, which make it
possible to quantify and mutually compare the lubricant
sensitivity of tableting materials, were calculated
according to Eq. [2]: 

LSR =  , [2]

where Csu is the crushing strength of tablets
without an added lubricant and Csl is the crushing
strength with a lubricant. The more this value
approaches 1, the more the dry binder is sensitive to
an added lubricant from the viewpoint of decreased
strength of tablets 7). In the present paper, the values of
tensile strength, not those of crushing strength, are
used in the equation. 

Measurements of the disintegration time of tablets

Disintegration times of tablets were evaluated earliest
24 hours after compaction always in 6 tablets.
Measurements were performed on an apparatus for the
determination of disintegration time following the method
of Ph.B. MMV in the medium of purified water tempered
to 37 °C ± 1 °C. The tablet was considered disintegrated at
the moment when there was no remainder on the net 8).

The results of strengths and disintegration times were
statistically processed by means of the computer
programmes Excel and Qcexpert. Elementary data
analysis yielded the mean values with standard
deviations, which were plotted into dependences on
compression force. In the cases of unclear significance of
differences in the values, unpaired t-test at a level of
significance of 0.05 was employed. 

Csu – Csl
Csu

2F
π.d.h RESULTS AND DISCUSSION

The paper aimed to study the properties of tablets
from two sorts of directly compressible xylitol, Xylitab
100 and Xylitab 200. Tableting materials with xylitol
contained two sorts of lubricants, magnesium stearate
and sodium stearyl fumarate in 1% concentration.
Selected compression forces of 6, 8, and 10 kN were
selected in such a way as to make the tensile strength
of tablets from xylitol with lubricants range about the
upper limit of optimal tensile strength of tablets (1.11
MPa) 9). The compression force of 10 kN was
employed to compress compacts with 50%
concentration of ascorbic acid and acetylsalicylic acid,
i.e. the active ingredients selected due to their different
mechanisms of compression and different solubility in
water.

Fig. 1 shows the dependence of tensile strength of
tablets on the compression force for Xylitab 100 with
lubricants. Excepting the compression force of 6 kN,

the strength of tablets with an addition of Pruv is
lower. At the compression force of 6 kN, the isolated
point represents the strength of compacts from pure
Xylitab 100; the result clearly shows that lubricants
slightly decrease tensile strength of tablets. Pure
Xylitab 100 was not compressed by means of higher
compression forces, as it shows high friction and the
compact could not be ejected from the matrix. An
opposite result was observed in Xylitab 200, in which
higher intervention of magnesium stearate was
recorded (Fig. 2). At the compression force of 6 kN,
a very slight decrease in tensile strength due to
lubricants is seen again, though it is smaller than in the
case of Xylitab 100. Fig. 3 represents tensile strengths
of tablets from both Xylitabs in a column graph. At the
compression force of 6 kN, tensile strengths from pure
Xylitabs are shown. The strength from Xylitab 100 is
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Fig. 1. Tensile strength of tablets in function of compression force: Xylitab 100 with lubricants
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excepting the compression force of 6 kN, where the
intervention of Pruv is comparable. The strength of
tablets from all tableting materials rises with
compression force. 
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higher, which is due to a smaller particle size of the
substance. Further we can see a deeper intervention of
stearate in the tensile strength of compacts
from Xylitab 200 than the intervention of Pruv

Fig. 2. Tensile strength of tablets in function of compression force: Xylitab 200 with lubricants

Fig. 3. Comparison of tensile strength of tablets: Xylitab 100 and Xylitab 200 without and with lubricants

Fig. 4. Disintegration time in function of compression force: Xylitab 100 with lubricants
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Fig. 4 shows the dependence of disintegration time of
compacts on compression force for Xylitab 100. At the
compression force of 6 kN it shows the disintegration
time of compacts from pure substance and the values

with lubricants are higher. At this compression force the
longest disintegration time is observed in the compacts
with stearate. With increasing compression force the
difference in the effects of lubricants is decreased and at
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Fig. 5. Disintegration time in function of compression force: Xylitab 200 with lubricants

Fig. 6. Comparison of disintegration time of tablets: Xylitab 100 and Xylitab 200 without and with lubricants

Fig. 7. Tensile strength of tablets at the compression force of 8 kN: Xylitab 100 and Xylitab 200 with active ingredients
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the compression force of 10 kN there is no statistically
significant difference between the values. The same
dependence is shown in Fig. 5 for Xylitab 200. There the
differences in disintegration times are much more
marked. Disintegration time is prolonged by lubricants
and it is many times longer in the case of stearate, when
it also decreases with increasing compression force. Fig.
6 shows disintegration times of both Xylitabs next to
each other. Compacts from pure Xylitab 200 posses
a longer disintegration time and in the case of added
lubricants, above all stearate, this time is many times
longer, though the strength of tablets from this substance
is smaller. The long disintegration time in the case of
tablets with lubricants is apparently due to the
concentration of lubricants, which is probably too high
for this larger particle size and thus a smaller specific
surface.

The compression force of 10 kN was employed to
compress the compacts from the mixtures of Xylitabs
with active ingredients in the ratio 1 : 1. The active
ingredients employed were acetylsalicylic acid, which
is compressed prevalently by plastic deformation and
is badly soluble in water, and ascorbic acid, which is
compressed by crushing the particles and is well
soluble in water. The column graph in Fig. 7 shows the
strengths of tablets with active ingredients. Tablets
with acetylsalicylic acid are markedly stronger, their
strength ranges within the optimal range of tensile
strength of tablets (0.56–1.11 MPa) 9). Strength of
compacts with ascorbic acid ranges only about 0.2
MPa. Compacts with Xylitab 100 are stronger than

those with Xylitab 200 in the cases of both active
ingredients, only in the case of ascorbic acid there is
a statistically significant difference between the
values for Xylitab 100 with 1% magnesium stearate
and Xylitab 200 with 1% Pruv. It holds true within the
framework of comparison of lubricants that smaller
strength is found in the compacts with stearate. Fig. 8
shows the disintegration times of compacts with active
ingredients. Due to bad solubility of acetylsalicylic
acid and higher strength of compacts, the
disintegration time in the case of compacts from this
substance is markedly longer. In the case of ascorbic
acid it holds true that a longer disintegration time is
found in the compacts from Xylitab 200 and the
compacts containing stearate. In the case of
acetylsalicylic acid, disintegration time ranges
approximately within 30–60 minutes, which is an
extremely long disintegration time, which exceeds the
pharmacopoeial limit of 15 minutes. In this active
ingredient it holds true that the disintegration time is
longer, in spite of a lower strength always in the case
of Xylitab 200 and in the tablets containing Pruv.

The study was supported by the grant MSM 0021620822
and by the firm Danisco, which supplied the samples of the dry
binders tested.
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Fig. 8. Disintegration time of tablets at the compression force of 8 kN: Xylitab 100 and Xylitab 200 with active ingredients 

Explanations of the abbreviations used in Figures:
X 100 – Xylitab 100, X 200 – Xylitab 200, st – magnesium stearate, Ac. Acet. – Acetylsalicylic acid, Ac. Asc. – Ascorbic acid

Tab. 1. Values of LSR for the Xylitab 100 and Xylitab 200 at
the compression force of 6 kN

Type of Xylitab 1% magnesium stearate 1% Pruv

Xylitab®100 0.1616 0.1072
Xylitab®200 0.1308 0.0666
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EXCERPTUM

●● Nový způsob aplikace
(IONSYS) Fentanylu
transdermálním systémem

Pro toto opioidní anestetikum se vytvořila nová trans-
dermální aplikace k postoperativním analgezím na prin-
cipu transdermálního iontoforetického systému. Lze ji
nahradit intravenózní aplikaci morfia a její velkou výho-
dou je, že si ji podle potřeby může řídit ošetřovaný
nemocný. Tato léková forma má charakter pumpy s obsa-
hem určitého počtu dávek. Jedná se o kapsli velikosti
šekové karty, která se nalepí na vnější stranu horní části
ramene nebo hrudníku. Aktivuje si ji nemocný, jestliže
během 3 vteřin dvakrát stlačí prohlubeň na svrchní dáv-
kovací klapce. Tím vznikne slabé elektrické pole, které
protlačí iontoforeticky do kožního kapilárního systému
určenou dávku (40 μg fentanilu). Soustava se dá znovu

zaktivovat nejméně po 10 minutách. Celkem tobolka
obsahuje 80 jednotlivých dávek na dobu 24 hodin. Podle
potřeby lze užít 3 transdermální přípravky, a to na růz-
ných aplikačních místech. Výrobce má tento systém
patentován pod označením IONSYS® a lze ho užívat pro
dospělé nemocné s postoperačními bolestmi v nemocnič-
ním ošetřování místo intravenózního podávání. Srovnáva-
cí studie prokázaly, že nový systém zjednodušuje a zkra-
cuje doby potřebné k ošetřování postoperační bolestí, a to
jak u lékařů, tak i u ostatního zdravotnického nelékařské-
ho personálu. Při klasickém způsobu léčby bolesti činil
nutný čas k ošetření v průměru 70 minut, zatímco nový
postup ho zkracuje na 20 minut. Excerpt doplňuje barev-
ný obrázek průřezu a uspořádání IONSYS®.

Eberhard, L. et al.: Krankenhauspharmazie, 2008;
29 (č. 10).

J. Malý
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