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Formulation and investigation of turmeric extract and sodium benzoate
loaded capsules
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Abstract: Turmeric has been studied and used as a plant derivate active ingredient for centuries. Several effects of turmeric have been
described, however the poor solubility of its active ingredients during the formulation development may limit oral applicability. The
aim of research was to involve the development of a dietary supplement of a hard capsule containing turmeric (Curcuma longa) (ground
powder from the root standardized to curcuminoid content) and sodium benzoate. The manufacturing technology and the analytic
method of the formulation have been developed. Formulation studies according to the Ph. Hg. VIII. standards have been performed. The
product may have insulin sensitizing and memory enhancing effects, related animal studies are ongoing.
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1. Introduction

Nowadays, herbal medicines are playing an in-
creasingly important role in maintaining the
health of the world’s population. At least 80 per-
cent of patients have already been treated with
natural agents, according to a World Health Or-
ganization (WHO) survey [1]. Members of the ge-
nus Curcuma longa have been used in medicine for
centuries due to its complex composition and its
beneficial effects for the human health [2].

Curcuma longa (C. longa), commonly known as
turmeric, is a rhizomatous herbaceous plant of the
ginger family (Zingiberaceae) [3], which is cultivat-
ed excessively in India for medicinal and also culi-
nary purposes [4]. The most important compo-
nents of C. longa are phenylpropanoid derivatives
called curcuminoids, a group whose main repre-
sentatives are curcumin (diferuloylmethane), dem-
ethoxycurcumin, and bis-demethoxycurcumin [5].
The plant is also rich in sesquiterpene volatile
components [6].

The most extensively studied compound de-
rived from C. longa is the curcumin which is a low
molecular-weight polyphenol, with the molecular
formula of C, H, O, [7]. Curcumin has a variety of
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beneficial biological and pharmacological activi-
ties. Numerous publications report the effects of
curcumin on human health, it has low toxicity
with promising clinical application. It has antioxi-
dant, anti-inflammatory, neuroprotective, hypo-
glycemic, anti-tumor, hepatoprotective, and cardi-
oprotective effects; and can be used in the therapy
of allergic rhinitis, depression, hyperlipidaemia,
non-alcoholic fatty liver disease, osteoarthritis,
uraemic pruritus and colitis ulcerosa as well [8-
12]. Curcumin also shows antihyperglycemic and
insulin sensitizer effects as it can reduce blood glu-
cose level by reducing the hepatic glucose produc-
tion and stimulating glucose uptake by the up-
regulation of the gene expression of various glu-
cose transporters (GLUTs). According to the litera-
ture, curcumin may affect GLUT4, GLUT2 and
GLUT3 gene expression [13,14]. Some promising
effects have been observed in patients with de-
mentia which could indicate the memory enhanc-
ing property of Curcuma longa [15].

The effect mechanisms of curcumin were exam-
ined via in vitro studies, animal models and human
studies, and mostly curcuminoids were found re-
sponsible for the effects [13,14,16]. It has been deter-
mined that the curcumin exerts its anti-inflammato-
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ry effect by inhibiting the nuclear factor kB (NF-kB)
and tumor necrosis factor (TNF) -a expression, as
well as impairing lipopolysaccharide (LPS) signal
transmission. In addition, curcumin acts on other
signal transmission pathways, such as the peroxi-
some proliferator-activated gamma receptor
(PPAR-y) and the Toll-like receptor-4 of the mye-
loid differentiation protein (TLR4-MD?2) [17-19].

The therapeutic effects of Curcuma longa are also
associated with its antioxidant property. Oxida-
tive damages mediated by free radicals may lead
to cell aging and the development of various
chronic disorders such as cancer and atherosclero-
sis. Curcuminoids are able to exert antioxidant ef-
fect due to their chemical structure which allows
them to scavenge various reactive oxygen species
produced by macrophages including superoxide
anions, hydrogen peroxide and nitrite radicals
[20]. Curcumin is also used in the food industry as
a natural food colouring agent because of its or-
ange-yellow colour [8]. Although most of the
studies focus only on the beneficial effect of cur-
cumin, other curcuminoid components also have
biological activities.

Using the turmeric orally in medicinal dose is
well-tolerable and safe; the incidence of adverse
effects is low and comparable with the placebo
control [21-23]. The most abundant side effects
were gastrointestinal upsets, like obstipation, dys-
pepsia, diarrhea, abdominal pain, reflux and nau-
sea [24]. However, the use of curcumin in medici-
nal doses should be avoided during pregnancy
because of potential uterus stimulating effects.
Studies subjecting benefits of Curcuma longa in
pregnancy and pregnancy-related complications
are almost exclusively based on in vitro or animal
model results [25].

The poor solubility of the active ingredients in tur-
meric may limit oral applicability. During the formula-
tion of a dosage form containing natural active ingredi-
ent the main problem is that the biologically active
components of natural substances, in addition to their
poor water solubility, often poorly penetrate biological
membranes and therefore have low absorption, result-
ing in low bioavailability and effect. The bioavailability
of an active ingredient may also be affected by its phys-
icochemical properties, chemical structure, the ratio of
hydrophilic to lipophilic groups, and release from the
dosage form, properties of the carrier, mode and dura-
tion of administration.

The main objective of the present study was the
formulation and investigation of a dietary supple-
ment containing Curcuma longa with appropriate

bioavailability. Hydroxypropyl methylcellulose
(HPMC) capsules were filled with ground turmer-
ic root standardized to curcuminoid content com-
bined with sodium benzoate as active ingredients.
Sodium benzoate is a D-amino acid oxidase
(DAO) inhibitor [26]. DAO is an enzyme responsi-
ble for the catabolism of biogenic amines in the
gastrointestinal tract [27]. The inhibition of DAO
is a new avenue in the treatment of schizophrenia
[28]. According to the literature sodium benzoate
can also inhibit reactive oxygen species, thus it has
an antioxidant effect [29]. Curcumin combined
with sodium benzoate can protect intestinal mu-
cosal barrier function [30], and suppress T helper
type 1 (Thl) immune response, which can be ben-
eficial in inflammatory conditions [31].

Magnesium stearate and anhydrous colloidal
silica (Silica colloidalis anhydrica, Aerosil) were
also used as excipients in the formulation to im-
prove flow properties of the powder. Mixing mag-
nesium stearate with other particles it coats their
surface and acts as lubricant. Lubricants inhibit
adhesion to the metallic machine parts and facili-
tate adequate flow of the formulation. Colloidal
silica also has the ability to adhere to the surface
of other particles, thus improving flow properties
of the blend [32].

Sieve and rheological analysis were conducted
with the ground turmeric and with the final
blend and the homogeneity was also examined.
The analysis of curcuminoids and sodium benzo-
ate was carried out by Liquid Chromatography
Electrospray Ionization Tandem Mass Spectro-
metric (LC-ESI-MS/MS) equipment. Accelerated
stability study was also conducted with 20 tur-
meric capsules form three different manufactur-
ing batches.

2. Materials and Methods
2.1. Materials

Ground turmeric was obtained from Klenk GmbH
(Germany). Sodium benzoate, silica colloidalis an-
hydrica and magnesium stearate were purchased
from Molar Chemicals (Hungary). Hydroxypropyl
methylcellulose (HPMC) capsules were obtained
from Capsugel Inc. Reagents for the extraction
and analytical part of the study were at least of
analytical purity. Methanol and acetonitrile were
purchased from Sigma Aldrich (St. Louis, MO,
USA). Type I (18.2 MQ cm ) water purified by a
Human Zeneer Power I water purification system
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Table I The parameters of the grinding process with ZM200 Ultra-Centrifigal Mill

Rotor of Stainless Steel with Wear-Resistant Coating 1.4460
Designation X3CrNiMoN27-5-2
Hardness <260 HB

Tensile strength 620 — 880 N/mm?
Density 7.8 g/cm?®
Diameter minimum ~ 0.5 mm
Diameter maximum (upon material elasticity) ~1.0 mm
Average diameter (75-80%) ~0.5 mm

RPM 16000

Power (%) 0-65
Temperature (°C) 12-31

(Human corporation, Seoul, South Korea) was
used throughout the study.

2.2. Operation of grinding turmeric powder

In order to achieve smaller particle size and the
homogeneity of mixing the first step was the
grinding of turmeric powder. Grinding process
was carried out with a RETSCH ZM 200 ultra-cen-
trifugal mill, combined with temperature control.
The parameters of the process are presented in Ta-
ble I; the temperature values are shown on Figure
1. Temperature is one of the most important meas-
urement parameters that is used for monitoring
and control in industries. The temperature of pow-
der during the grinding process may cause stabili-
ty problems therefore it was monitored under the
course with a thermometer fixed at the ultra-cen-
trifugal mill [33].

2.3. Sieve analysis of turmeric ground powder

Powder sieve analysis is a testing method designed
to separate powder based on particle size. It is a ben-
eficial examination that gives crucial information
about the properties of the powder [34]. The particle
size distribution of the ground turmeric was exam-
ined via manual with standard test sieves according
to the Pharmacopoeia Hungarica VII. (Ph. Hg. VIL)
[35]. Thirty g of ground turmeric powder was
sieved for 5 minutes and the mass of powder re-
tained and passed in each sieve was weighted. For
determination of particle-size distribution the re-
tained mass of powders on the sieves were meas-
ured and expressed as percentage values.

2.4. Rheological properties of ground turmeric powder

The flowability of powder affects its behaviour

mainly during the filling process. Among other
parameters, moisture content, morphology and
Particle Size Distribution can all influence flow
[36]. In order to test the flowability of ground
turmeric powder standard ASTM equipment
was used according to the Ph. Eur. 10" Edition.
The standard funnel was fixed 40 mm above the
bench surface where a piece of millimetre paper
was placed. Fifty g of turmeric powder was
measured and poured into the funnel without
any trapping, vibration or movement of the fun-
nel while it was blocked with dry finger. The
powder was let to flow free and compose a re-
pose on the millimetre paper. The angle of re-
pose for the powder was determined from the
cone height (h) in cm and the radius (r) of the
cone base in cm. The angle of repose was calcu-
lated as follows:

0 = tan™ (h/r)

Carr (1965) developed Carr’s index and classi-
fied powders according to their flowability us-
ing the angle of repose, as indicated in Table II
[37].

2.5. Formulation of final blend

The composition of the final blend can be seen in
Table IIl. Sodium benzoate was pulverized in a
mortar. Silica colloidalis anhydrica and Magnesi-
um stearate were weighted and blended to Erweka
Cube Mixer KB 20 and mixed for 10 min at 220
RPM rotational speed. Sodium benzoate was ho-
mogenized with the excipients and finally ground
turmeric powder was added in portions to the for-
mulation. The composition was mixed in an Erwe-
ka Cube Mixer KB 20 equipment for 10 minutes at
220 RPM rotational speed.
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Figure 1 Temperature values during the course of grinding process

Table II The relationship between angle of repose and flowability.

Flow property Angle of repose ()
Excellent 25-30
Good 31-35
Fair-aid not needed 36-40
Passable-may hang up 41-45
Poor-must agitate, vibrate 46-55
Very poor 56-65

Extremely poor >66

2.6. Sieve analysis of the final blend

The particle size distribution of the final blend
was examined via manual sieving. 30 g of final
composition was sieved for 5 minutes with stand-
ard test sieves of Pharmacopoeia Hungarica VIL
(Ph. Hg. VIL) [35]. The mass of powder retained
and passed in each sieve was weighted. For deter-
mination of particle-size distribution the retained
mass of powders on the sieves were measured and
expressed as percentage values.

2.7. Rheological properties of the final blend
In order to test the flowability of final blend

standard ASTM equipment was used according
to the European Pharmacopoeia 10* Edition (Ph.

Eur. 10) [38]. The standard funnel was fixed 40
mm above the bench surface where a piece of
millimetre paper was placed. Fifty g of final
blend was measured and poured into the funnel
without any trapping, vibration or movement of
the funnel while it was blocked with dry finger.
The powder was let to flow free and compose a
repose on the millimetre paper. The angle of re-
pose form the powder was determined from the
cone height (h) in cm and the radius (r) of the
cone base in cm.

2.8. Homogeneity of the final blend
Purposely to evaluate the effect of mixing on the

homogeneity of final blend samples were taken
from the Erweka Cube Mixer KB 20 at 5,10,15 min-
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Table III Composition of the final blend

Quantity in 1 capsule (mg)

Function Percentage (%)

Ground turmeric 400

active ingredient 81.6

Natrii benzoas 80

active ingredient 16.4

Silica colloidalis anhy- 5
drica

Excipient (glidant, adsorbent) 1

Magnesii stearas 5

Excipient (glidant, lubricant) 1

TOTAL WEIGHT 490

- 100

TOP

X(c) X(d)

X(b) X(a)
FRONT SIDE

X(c) X(d)
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Figure 2 Samples taken from the cubic mixer

utes during the mixing process with a special
powder sampler device according to the pattern
shown in Figure 2. The quantity of active pharma-
ceutical ingredients was determined using LC-MS
analysis.

2.9. Extraction and analytical method of curcuminoids

Curcuminoids (curcumin, demethoxycurcumin
and bis-demethoxycurcumin) were detected in
native form. Twenty five mg of final blend or cap-
sule filling was extracted with 1.0 ml methanol (60
minutes, 75°C), centrifuged for 1 minute on 13000
RPM, and the supernatant was diluted 250-fold.
One pl of the sample solution was injected into
LC-ESI-MS/MS equipment (Thermo ACCELA 600
+ Thermo LTQ XL), and was studied in water/ace-
tonitrile gradient elution on YMC Triart C18 (100
mm x 3 mm x 1.9 pm) column. Chromatographic
gradient: A: bidestillated water + 0.1% HCOOH, B:
MeCN + 0.1% HCOOH; 0 min: 30 % B; 0.1 min:
30% B; 10 min: 100% B; 18 min: 100%; 16.10 min,
30%; 18 min: 30%. ESI parameters: ion source 180
°C, +5kV, 100 uA; capillar 275 °C, +48 kV; gas flow
18 arb, secondary gas flow 8 arb. Detection: Isola-
tion width: 1 m/z, 100 - 600 m/z range. [M+H]"ions
were measured in full MS scan: curcumin 369,
demethoxycurcumin 339 and bis-demethoxycur-
cumin 309.

2.10. Extraction and analytical method of sodium
benzoate

Sodium benzoate was detected in native form.
Twenty five mg of final blend or capsule filling
was extracted with 1.0 ml methanol (60 minutes,
75°C), centrifuged for 1 minute on 13000 RPM,
and the supernatant was diluted 1600-fold. One
ul of the sample solution was injected into LC-
ESI-MS/MS equipment (Thermo ACCELA 600 +
Thermo LTQ XL), and was studied in water/ace-
tonitrile gradient elution on YMC Triart C18 (100
mm x 3 mm x 1.9 um) column. Chromatographic
gradient: A: bidestillated water + 0.1% HCOOH,
B: MeCN + 0.1% NH,OAc; 0 min: 20 % B; 1 min:
20% B; 10 min: 100% B; 16 min: 100%; 16.50 min,
20%; 19 min: 20%. ESI parameters: ion source 175
°C, -5kV, 100 pA; capillar 275 °C, -8 kV; gas flow
15 arb, secondary gas flow 5 arb. Detection: Isola-
tion width: 1 m/z, 120.5 - 122.5 m/z range. [M-H]*
ions were measured in SIM mode: sodium ben-
zoate 121.

2.11. Capsule filling using manual capsule-filling
machine.

Final blend was filled loosely and also tightly with
the help of tamper device using a Pro Filler 1100
manual capsule filling equipment into HPMC cap-
sules of size ,,0".

2.12. Capsule filling using semi-automatic
capsule-filling machine

Capsules were filled with final blend using CAP8
CAPSUGEL semi-automatic capsule filling ma-
chine into size ,0” HPMC capsules. The speed of
the rotation desk was 1500 RPM, the speed of the
retifier was 1500 RPM, the vacuum was set at 60
kPa, and the compressor at 90PSI (~620kPa). In the
manufacturing room the temperature was at 21-
25°C, and the relative humidity was 31%. The en-
capsulation process reached 5000 capsules per
hour (CPH) with these parameters.
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>1200pm

>800pm 1

Particle size

>320pm

<320pm 7

3.2. Sieve analysis of ground turmeric
powder

The particle size distribution of ground
turmeric is presented in Table IV. 95% of
the turmeric powder passed through the
320 um sieve size, which means that the
grinding process resulted in a fine powder.

Quantity (%)

Since less than 1% of the material retained
on the 1.2 mm and 800 um, the particle

120

Figure 3 Sieve analysis of ground product

size distribution was considered proper.

2.13. Test of the uniformity of mass and the
determination of percentage deviation

Uniformity of mass for capsules were determined ac-
cording to Ph. Eur. 10 [38]. 20 capsules filled with fi-
nal blend were selected at random. The capsules were
weighed then the contents were removed completely
as possible. The emptied capsule shells were weighed.
The net weight of fill content was determined by sub-
tracting the weight of the shells from the weight of
intact capsule. The average mass of capsules and the
percentage deviation was determined.

2.14. Accelerated stability study of capsules filled with
final blend

Capsules filled with final blend were randomly
taken for the stability study from three different
manufacturing batches (20 capsules from each
batch). Capsules were kept in Memmert HPP con-
stant climate chamber at 30 °C and 65% Relative
Humidity. The duration of the accelerated stability
study was 6 months.

3. Results

3.1. Temperature measurement during the operation of
grinding turmeric powder

Figure 1 presents the values of temperature dur-
ing the whole process of grinding. The time of
grinding process was 15 minutes, the temperature
value was maximum 31 °C which does not influ-
ence the quality of turmeric powder.

Table IV Sieve analysis of ground turmeric

The results of the sieve analysis are pre-
sented as a mass percent in Figure 3.

3.3. Rheological properties of ground turmeric powder

The angle of repose was between 44-50° which
means that the flow property of ground turmeric
powder is poor. In order to optimize the powder
flowability glidant and lubricant excipients were
considered indispensable for further processing.

3.4 Sieve analysis of the final blend

The particle size distribution of the final blend can
be seen on Table V. 97% of the powder passed
through the 320 um sieve size, which means that
the mixing resulted in a fine powder. Since less
than 1% of the material retained on the 1.2 mm
and 800 um, the particle size distribution was
considered proper. The results of the sieve analy-
sis are shown in Figure 4.

3.5. Rheological properties
of the final blend

The final blend’s angle of repose resulted was be-
tween 38-42°. Based on these examinations, the
flow properties of the final blend are considered
fair, and it does not require aid or excipients for
further processing.

3.6. Homogeneity of the final blend

The relative standard deviation of curcumin was
19.47%, demethoxycurcumin was 20.99%, bis-

Sieve size Mass of powder | Percent of powder | Mass of powder | Percent of pow-
passed (mg) passed (%) retained (mg) der retained (%)
1.2 mm 29962 >95 28 <1
800 pm 29940 >95 22 <1
320 pm 29854 >95 86 <4
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4. Discussion

Products containing natural active sub-
stances have an increasing role in the
treatment of various diseases. The use
of the phytotherapeutic Curcuma longa is
becoming more and more common in
medicine as it contains valuable active
substances with proven antioxidant and
anti-inflammatory effects [3,7]. Cur-
cuminoids, especially curcumin are the

0,32

Sieve size (mm)

active components of the plant turmer-
ic, safe to take orally even in high
amounts [39]. Curcumin effectivity has

0.8

Figure 1V Sieve analysis of the final blend

been confirmed on several fields of

demethoxycurcumin was 20.77% and benzoate
was 16.23% as shown in Table VI. According to
these results, the homogeneity of final blend was
sufficient after the mixing process.

3.7. Result of the uniformity of mass
and percentage deviation

The average mass of fill weight was 389 mg when
the capsules were filled loosely while the average
mass of fill weight was 490 mg when the capsules
were filled and also tampered using manual cap-
sule filler. The average mass of 20 capsules filled
with the final blend by semi-automatic capsule
filler was 584 mg. The percentage deviation of in-
dividual capsule mass from the average mass did
not exceed +10% which means a proper uniformi-
ty of mass, according to the European Pharmaco-
poeia 10" Edition [38].

3.8. Results of accelerated stability study

After the 6-month accelerated stability study, the
average quantity of the main active components of
the formulation was defined via LC-MS analysis
and compared to the theoretical initial quantity.
According to the results (Table VII) the active in-
gredients of the final blend (curcumin, demethox-
ycurcumin, bis-demethoxycurcumin and benzo-
ate) remained stable.

Table V Sieve analysis of the final blend

medical therapy with in vitro, in vivo and
clinical studies. Based on the literature it has neu-
roprotective, memory enhancing, hypoglycemic,
anti-tumor, hepatoprotective, and cardioprotec-
tive effects [21,22]. Being a natural, herbal remedy;,
patient compliance may be higher and fewer side
effects are expected [40]. The preventive effects of
curcumin are in harmony with the modern me-
dicinal principles [41].

According to Maier et al. curcumin combined with
sodium benzoate could reduce activity of autoimmune
disorders or of cardiovascular and neurodegenerative
diseases [42]. Sodium benzoate is the metabolite of cin-
namon and the sodium salt of benzoic acid, is also con-
firmed as safe to take orally, has an antioxidant capacity
on its own, but has a combined effect with curcumin in
inflammatory conditions. Khasnavis and Pahan report-
ed that sodium benzoate has neuro-pharmacological
properties, including relief of panic symptoms, and pro-
tection of astrocytes and neurons protein in Parkinson’s
disease [43].

In the present study, HPMC capsules containing tur-
meric and sodium benzoate were developed. The HPMC
capsule shells have several benefits as they are resistant
to gastric juice, therefore protect the active ingredients
of the formulation from the damaging effects of low pH
values. In the small intestines the sustained release of
the filling is ensured by the HPMC capsules, which is
beneficial regarding the bioavailability of the poorly sol-
uble curcumin [44]. The capsule shells assure easy, pa-
tient-friendly to take, and compatible with vegan or veg-

Sieve size Mass of powder | Percent of powder | Mass of powder | Percent of pow-
passed (mg) passed (%) retained (mg) der retained (%)
1.2 mm 29865 >99 134 <1
800 um 29609 >99 256 <1
320 um 29229 >97 379 <2
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Table VI Homogenity of the final blend after mixing

Relative variance of
Component .
quantity
curcumin 19.47%
demethoxycurcumin 20.99%
bis-demethoxycurcumin 20.77%
benzoate 16.23%

etarian diet, and religious or ethnic dietary restrictions
which forbid the use of animal products [45].

A dietary supplement containing turmeric and sodi-
um benzoate, filled in HPMC capsule shells has been
successfully developed. The proper grinding of the
herbal drug was crucial for the formulation, which was
carried out with the monitoring of the temperature
through the whole process, to prevent the damage of
the main components.

The particle size distribution of the fine turmer-
ic powder was suitable, however its hygroscopic
property made necessary to maintain a constant
low relative humidity of the room through the
whole manufacturing process.

In order to investigate the flow properties of the
filling, sieve analysis and rheological measure-
ments were taken with the ground turmeric and
with the final blend. The powder flow plays an
important role in the manufacture of dosage form
such as capsules and it is often a critical point of
the process [36]. Proper powder flow allows uni-
form particle packing and a constant volume-to-
mass ratio which maintains capsule weight uni-
formity and consistent physicomechanical proper-
ties of capsule dosage forms [36]. Hardy et al. has
also reported that the appropriate flow properties
of the final blend are necessary to the production
of capsules with a consistent fill weight [46].

According to our examination the rheological
properties of the ground turmeric were not suffi-
cient. Therefore, magnesium stearate and anhy-
drous colloidal silica were also added to the formu-
lation as lubricant and glidant in 1-1%, respectively.
The effect of lubricants on the flowability has been
examined by several researchers. Liu et al. found
that the addition of 0.5 wt % of magnesium stearate
improved the flowability of cohesive ibuprofen [47].

The great difference between the quantities of

components in the composition of the final blend
might lead to homogeneity issues; hence the im-
portance of the proper mixing was crucial. We de-
veloped a special sample taking method and ana-
lyzed the samples of the final blend after mixing,
also studied the particle size distribution and the
rheological properties of the final blend. All the
results confirmed that the final blend was a ho-
mogenous powder mix suitable for capsule filling.

A 490 mg capsule filling weight can be achieved
with semi-automatic filling process in case of size
“0” capsule shells. The filling process was moni-
tored by the measurement of the weight uniformi-
ty of the capsules and the division of individual
capsule weight from the average.

Our results showed that the formulated cap-
sules complied with the requirements of the Euro-
pean Pharmacopoeia [38]. Finally, the product un-
derwent an accelerated stability study, which con-
firmed that the content of the main active compo-
nents did not change after stored on 30°C and 60%
relative humidity for six months.

5. Conclusions

In our present study HPMC capsules containing
turmeric powder and sodium benzoate were for-
mulated with magnesium stearate and anhydrous
colloidal silica in order to improve flow properties
of the powder. According to our examinations the
formulation may go to further in vivo experi-
ments.
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Table VII Active component quantity after accelerated stability study

Component Average quantity compared to theoretical initial
curcumin 111.4%
demethoxycurcumin 112.3%
bis-demethoxycurcumin 92.5%
benzoate 83.68%
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