
INTRODUCTION
The caf feine is a popu lar ac tive sub stance fre quently in -

cluded in oral an al ge sic prepa ra tions to gether with as pi rin,
paraceta mol, or co deine. As a stimu lant of the cen tral nerv -
ous sys tem,  it can pro duce a con di tion of wake ful ness and
in creased men tal ac tiv ity [1]. The sub stance is spar ingly
solu ble in wa ter and has very poor flow prop er ties (a flow
rate be low 10 mg/s) [9]. Ap pli ca tion of caf feine as gran ules
with suit able ex cipi ents may con trib ute to im prove ment of
its physi cal prop er ties. The gran ule can be taken eas ily and
the ac tive sub stance can be dosed more pre cisely.

The aim of this pa per is to analyze the in flu ence of ex cipi -
ents on tech no logi cal pa rame ters of gran ules with caf feine.
First, for mu las of gran ules were elabo rated, than all of them
were tested. Their flow prop er ties, mois ture con tent, dis in te -
gra tion time and dis so lu tion pro file of ac tive sub stance were
tested. 

MATERIAL AND METHODS

Reagents and instrumentation
The fol low ing sub stances were used to pre pare gran ules:

an hy drous caf feine (Sigma- Aldrich Che mie GmbH, Ste in -
heim, Ger many), po tato starch (Mel vit S.A., Os tro leka,
Po land), lac tose (PPH Gal farm Cra cow, Po land), gela tin
from bo vine skin (Loba Fein che mie GmbH, Fis chamend,
Aus tria), glyc erol (PPH POCH SA Gli wice, Po land), Avicel

– mi cro crys tal line cel lu lose (FMC Bio Poly mer, Brus sels,
Bel gium), D- mannitol (Sigma- Aldrich Che mie GmbH, Ste -
in heim, Ger many), poly viny lopyr ro lidone K30 (PVP)
(Fluka Che mie AG, Buchs, Swiss) and etha nol (PPH POCH
S.A., Gli wice, Po land). Hy dro chlo ric acid 0.1 mol/l (PPH
POCH SA Gli wice, Po land) was used to pre pare so lu tions of 
caf feine for spec tro pho tomet ric ex ami na tions and as a dis so -
lu tion me dia in in vi tro dis so lu tion test.

The gran ules were ob tained in wet granu la tor Er weka
FAG (Ger many). The meas ure ment of mois ture con tent was
per formed with a mois ture ana lyzer WPS 210S manu fac -
tured by RADWAG (Ra dom, Po land). The pat ent ap pa ra tus
for the meas ure ment of re pose of pow ders and gran ules [3]
con sis tent with re quire ments of Pol ish Phar ma co poeia IX
[8] was ap plied to meas ure me chani cal quali ties of gran ules.
A dis so lu tion test was con ducted us ing a pad dle dis so lu tion
tester Er weka DT 600 (Ger many). The amount of caf feine in 
so lu tions ob tained from gran ules was ex am ined in spec tro -
pho tome ter UV- Vis (He lios Omega Thermo Sci en tific,
USA) with Vi sion Pro soft ware.

Prepa ra tion of granules
Four for mu las of gran ules with caf feine were ob tained.

The for mula I: caf feine 1.0 parts, po tato starch 69.3 parts,
lac tose 29.7 parts, glyc erol 86% 2.0 parts, gela tin mu ci lage
4% (w/w) 98.0 parts.
The for mula II: caf feine 1.0 parts, Avicel 49.5 parts, lac tose
49.5 parts, glyc erol 86% 2.0 parts, gela tin mu ci lage 4%
(w/w) 98.0 parts.
The for mula III: caf feine 1.0 parts, D- Mannitol 99.0 parts,
glyc erol 86% 2.0 parts, gela tin mu ci lage 4% (w/w) 98.0 parts.
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The for mula IV: caf feine 1.0 parts, Avicel 49.5 parts, lac tose
49.5 parts, and 0.5% so lu tion of PVP 100.0 parts. This so lu -
tion was pre pared by dis so lu tion of 0.5 parts PVP in 95.5
parts of mix ture of etha nol 96° and wa ter 1:1 (w/w).

Prepa ra tion: The sub stances were weighed out. Pow dered
sub stances were added in por tions to a mor tar and then they
were mixed. So lu tions of bind ing sub stances were added in
small por tions to pow ders, un til the plas tic mass was ob tained.
This mass was granu lated in wet granu la tor through a shield of
2.2 mm. The gran ule was dried in dryer at tem pera ture of 45°C
for 63 h. Then, it was sifted through a sieve of 1.6 mm to ob tain
uni form gran ule. The dust was sifted through a sieve of 1.2 mm
and these par ti cles were granu lated again [6, 10].

MEASUREMENTS OF PROPERTIES OF GRANULES
Meas ure ment of the mois ture con tent in the gran ules
This meas ure ment was based on de ter mi na tion of dry

mass. The tests were per formed with a mois ture ana lyzer.
The ana lyzer de ter mined start mass of a sam ple, and per -
formed con tinu ous meas ure ment dur ing in ten sive heat ing
pro cess with a halo gen lamp at 130°C. The meas ure ment
was fin ished when the mass of tested sam ple of gran ules was
not changed dur ing 10 sec onds [2]. 

Sieve test
The de gree of fine ness of gran ules was de ter mined by

siev ing them through sieves of 1.20 mm, 1.02 mm and 0.75
mm placed one on an other on a labo ra tory shaker. The mass
of gran ules was con trolled in every 5 min utes. The test lasted 
15 min utes. A per cent age m/m pass ing the sieves was cal cu -
lated af ter that [8].

Meas ure ment of the flow time
The meas ure ment was per formed in ac cordance to re -

quire ments of Pol ish Phar ma co poeia IX [8]. Dur ing measu-
rement, the defi nite vol ume of gran ules (100 ml) was de posited 
in the fun nel of the ap pa ra tus and the time of mo noto nous
flow of the whole quan tity of gran ules was meas ured with
a stop watch. The noz zle un der a fun nel of the ap pa ra tus had
a di ame ter of 10.0 mm.

Meas ure ment of the an gle of re pose
The meas ure ment of the an gle of re pose was done in the

same ap pa ra tus as the above test [3]. The meas ured vol ume
of gran ules (100 ml) was placed in the fun nel of the ap pa ra -
tus with a closed noz zle. Af ter open ing of the noz zle the
gran ule was pil ing up the cone. The height of the cone was
meas ured at con stant di ame ter (100 mm) of its ba sis, which
was marked with the ex ter nal edge of the ap pa ra tus. Based
on the height of the cone and its di ame ter, tangent of the an -
gle cre ated by freely flow ing gran ule was counted us ing
trigo no met ric func tions. The meas ure ment was made at con -
stant dis tance among the fun nel and the ba sis of the
ap pa ra tus (600 mm), size of the noz zle of the fun nel (10
mm), and con stant vol ume of tested gran ule [8, 10].

Meas ure ment of the ap par ent vol ume and poured den sity
The gradu ated cyl in der of 250 ml was used for meas ure -

ment of ap par ent vol ume of gran ules. The 250 ml of

ex am ined gran ules that is re garded as the un set tled ap par ent
vol ume was placed into the dry cyl in der with out com pact ing.
Such meas ure ment is rec om mended by Pol ish Phar ma co -
poeia IX [8]. The re sults of poured den sity or ap par ent den sity 
be fore set tling could be ex pressed in grams per mil li li ter.

Dis in te gra tion test
One dose of gran ules (1 g) was placed in a coni cal flask

con tain ing 50 ml of wa ter at 37C2C. The flask had to be
moved with round move ments every 30 s. Gran ules had to
be dis solved or dis persed in wa ter within 10 min utes [7].

De ter mi na tion of ab sorp tion spec trum and stan dardiza -
tion curve for caf feine so lu tion

The so lu tion of caf feine in hy dro chlo ric acid (0.1 mol/l)
with the con cen tra tion of 0.01 mg/ml was pre pared in ac -
cordance to Pol ish Phar ma co poeia VI. It was meas ured
spec tro pho tomet ri cally over the range 230 to 360 nm [7, 10]. 
The ab sorp tion spec trum of so lu tion reached the maxi mum
at 272 nm. Then the ab sor bance of caf feine so lu tions in hy -
dro chlo ric acid (0.1 mol/l) with the con cen tra tions from
0.005 mg/ml to 0.05 mg/ml was meas ured at maxi mum  =
272 nm and the stan dardiza tion curve was made. The stan -
dardiza tion curve can be de scribed by the equa tion: A =
45.4613 x C (A – ab sor bance, C – con cen tra tion). Co ef fi -
cient was 0.999422.

Dis so lu tion test. A dis so lu tion test of caf feine from gran -
ules was con ducted us ing a pad dle tester in com pli ance with
method 2 (pad dle ap pa ra tus) in Pol ish Phar ma co poeia IX
[8]. The dis so lu tion me dium was 900 ml of hy dro chlo ric
acid (0.1 mol/l). Other pa rame ters in cluded pad dle speed of
75 rpm and tem pera ture of 370,5°C [4]. Gran ules equiva -
lent to 150 mg caf feine were added di rectly into the
dis so lu tion me dium. Sam ples were taken at 1, 2, 5, 10, 15,
30, 45 and 60 min, and re placed with an equal vol ume of the
same me dium. An ali quot of 2.0 ml was fil tered through a
0.22 mm fil ter. The sam ple so lu tions were di luted and the
con cen tra tion of dis solved caf feine was de ter mined us ing
the UV-VIS method at 272 nm. In this study, the dis so lu tion
per cent age af ter 10 min was used to evalu ate the dis so lu tion
prop er ties of gran ules in ac cordance to Phar ma co poeia [8].
All ex peri ments were per formed six times.

RESULTS AND DISCUSSION
The analy sis of the data from the ex ami na tion of gran ules

al lowed for de fining the in flu ence of ex cipi ents on the physi -
cal prop er ties of gran ules and the ac tive sub stance, like
dis so lu tion or flow prop er ties.

The mois ture con tent was the high est in gran ule I. It was
caused by large amount of po tato starch (70%) which is hy -
gro scopic. The low est mois ture was in gran ule III with
man ni tol. The type of bind ing so lu tion did not in flu ence
mois ture con tent, which proved simi lar mois ture con tent in
gran ule II and IV.

The sieve test showed that the most uni form par ti cles
were in gran ule I. The gran ule II and III had simi lar par ti -
cles’ size, but dif fer ences be tween frac tions were greater.
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The gran ule IV re vealed the larg est varia tions of sizes be -
tween frac tions of par ti cles and this fea ture dis tin guished it
from the other gran ules. It is caused by bind ing so lu tion used 
in pro duc tion of this gran ule. Gela tin mu ci lage bounded par -
ti cles stronger than PVP so lu tion and it was the rea son the
gran ules I, II and III were more uni form than the gran ule IV.

Table 1. The mean moisture content in the granules and standard
deviation (n=10)

Granule I Granule II Granule III Granule IV

M SD M SD M SD M SD

7.04 4.66 3.92 4.52 0.95 7.79 3.16 4.93

M [%] – mean moisture content, SD [%] – standard deviation

Ta ble 2. The fine ness of gran ule par ti cles (n=3)

Granule

A percentage m/m passing the sieves [%]

fraction
1.6 mm 
>1.2 mm

fraction
1.2 mm 

>1.02 mm

fraction
1.02 mm 
>0.75 mm

fraction
<0.75 mm 

I 94.84   4.00 1.12 0.04

II 91.76   6.52 1.64 0.08

III 92.60   6.36 0.96 0.08

IV 79.60 15.04 4.84 0.52

Gran ules I and II had the short est and simi lar flow time.
The flow time was the long est for gran ule IV. Gran ule II and
IV had the same in gre di ents but dif ferent bind ing so lu tions.
This was a cause of their worse flow prop er ties. 

Table 3. The mean flow time and standard deviation (n=10)
Granule I Granule II Granule III Granule IV

t SD t SD T SD t SD

16.94 1.07 15.98 1.74 18.60 0.99 28.91 1.03

t [seconds] – mean flow time, SD [%] – standard deviation

All gran ules ex hib ited simi lar an gle of re pose. The gran -
ule III had the low est and the gran ule IV the high est an gle.
These re sults re ferred to good and in gran ule III – very good
flow abil ity. Seppälä et al. [9] con firmed that man ni tol had
a bet ter flow abil ity than lac tose. Ap pli ca tion of caf feine in
the form of gran ule im proved its flow abil ity, be cause as
pure sub stance it had only fair flow abil ity [9].

The gran ule I and III had iden ti cal poured den sity. Poured 
den sity of gran ule II was al most two times higher than gran -
ule IV. This gran ule had the low est poured den sity. It was the 

con se quence of strongly bounding of par ti cles by gela tin
mu ci lage in gran ules I, II and III.

Af ter dis in te gra tion test it was ob vi ous that the gran ule III 
did not meet the phar ma co poe ial stan dards, be cause it was
dis persed in wa ter af ter 60 min utes. This was the re sult of the 
re ac tion be tween mi cro crys tal line cel lu lose and gela tin mu -
ci lage. The change of bind ing so lu tion re duced the
dis in te gra tion time seven times. The other gran ules dis -
persed in wa ter dur ing 10 min utes, which was in ac cor dance
to phar ma co poe ial stan dards. The gran ule IV had the op ti -
mal dis in te gra tion time. This proved that com bi na tion of
lac tose and mi cro crys tal line cel lu lose in creased the re sis -
tance of gran ule [5].

Table 4. The mean disintegration time and standard deviation
(n=10)

Granule I Granule II Granule III Granule IV
t SD t SD t SD t SD

1.84 11.30  60.00 0.00 2.60 8.96 8.75 3.62

t [minutes] – mean disintegration time, SD [%] – stan dard deviation

Dis so lu tion test re vealed the fast est re lease of caf feine
from the gran ule III and IV with 81.80% and 79.89% of ac -
tive sub stance re leased af ter 1 minute re spec tively. From
gran ule I, 57.25% of caf feine was re leased and 46.69% from
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Fig. 1. The mean angle of repose á (n=10)

Fig. 2. The mean poured density of the granules (n=3)

Fig. 3. Dissolution profiles of caffeine from granules in time (n=6)



gran ule II at the same time. Al though the gran ule III did not
meet the phar ma co poe ial stan dards in dis in te gra tion test, it
dis solved ac tive sub stance in ac cordance to stan dards [8]. It
was prob able that caf feine dis solved quickly from gran ules
even though ex cipi ents (mi cro crys tal line cel lu lose and lac -
tose) were strongly bounded with gela tin mu ci lage. All
gran ules passed the dis so lu tion test, be cause more than 90%
of caf feine was dis solved from the drug form in 10 min utes.
It was: 99.26%, 94.05%, 96.12%, 100.47% from I, II, III, IV
gran ule re spec tively. Phar ma co poe ial stan dards re quired
80% dis so lu tion of ac tive sub stance in 10 min utes [8].

CONCLUSIONS
The re sult of the study in di cated that ex cipi ents in flu -

enced mois ture con tent of gran ules. The low est one had the
gran ule with man ni tol. The bind ing so lu tion did not in flu -
ence this fea ture. Gran ules made with gela tin mu ci lage had
more ho moge nous par ti cles in con trast to par ti cles of gran -
ule made with PVP so lu tion. The bind ing so lu tion
in flu enced flow prop er ties of gran ules and PVP sig nifi cantly 
ex tended their flow time. The caf feine in the form of gran -
ules had bet ter flow prop er ties. The best one was the gran ule
with man ni tol, which had the small est an gle of re pose. This
gran ule is suit able for pa tients with lac tose in tol er ance.
Gela tin mu ci lage cannot be used in gran ules with mi cro crys -
tal line cel lu lose, be cause such a gran ule did not meet the
phar ma co poe ial stan dards in dis in te gra tion test. All of pre -
pared gran ules passed the phar ma co poe ial dis so lu tion test
be cause 80% of ac tive sub stance dis solved in 10 min utes.
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