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a b s t r a c t

Aloe vera leaves were dried at different temperatures in hot air oven and powdered. The percent powder yield was

found 2.60%, 2.60%, 2.55% and 2.52% at 50, 60, 70 and 80 ◦C respectively. Powder samples had the pH (1% solution) 3.51,

3.53, 3.52 and 3.53 with the rise of drying temperature in the selected range. Statistically, yield and pH indicated no

significant difference (p < 0.5) due to drying temperature variation. Wettability of powder at 70 ◦C was 32 s as compared

to 35, 35 and 37 s in the samples obtained at 50, 60 and 80 ◦C respectively. Water absorption capacity of powder at 70 ◦C

was 359% as compare to 351%, 354% and 356% of 50, 60, and 80 ◦C powder samples. The HPLC chromatogram obtained

for the sample dried at 80 ◦C shows that as the temperature increased from 50 to 80 ◦C, aloin content decreased from

10.6 to 1.7 ppm. The “a” values were found 2.028, 2.226, −0.282 and 2.531 for the samples obtained after drying at
◦ ◦
50, 60, 70 and 80 C respectively. Samples obtained at 70 C showed negative “a” value indicated that the sample was

more greenish in colour as compared to other samples.

© 2009 The Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

Keywords: Aloe vera; Drying; Physico-chemical properties; HPLC; Aloin

(2001) compared the quality of freeze-dried aloe vera gel pow-
. Introduction

loe vera is considered a native plant of Somalia with a history
ating back to the fourth century B.C. The word ‘aloe’ has its
oots in the Arabic word ‘alloeh’, which means ‘radiance’. With
he recent resurgence of herbal products as a part of ‘green

ovement’, aloe vera is witnessing a new renaissance across
he world. Emphasis on agricultural diversification has led to
search of alternatives that are profitable and environmental

riendly. Global market data reveals that the opportunities are
xpanding in the herbal sector with market growth rate of 15%
er annum in India and 7% per annum in the world. Total
roduction of aloe in India is estimated to be about 1,00,000
onnes (Anonymous, 2006).
Indian farmers have been looking for some better alterna-
ive to diversify from traditional agriculture due to gradual
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reduction in profitability owing to decline in productivity,
increased incidence of disease and pest attack in traditional
crops. Therefore, contingent upon their hardy nature and
higher returns, medicinal plant cultivation (like aloe vera) may
be considered a better option.

Aloe vera gel has got the potential to be used as a food
preservative, as a substitute of sulphur dioxide in preserv-
ing fruit and vegetables. It contains a number of nutrients
such as vitamins, fatty acids, amino acids, sugars, minerals,
enzymes therefore dried powder can be used in formulations
as a functional ingredient for health benefits. Aloe leaf powder,
which contains antioxidants, dietary fibre, iron, etc., may find
its usage in number of ayurvedic medicines. Chaiswadi et al.
pted 10 September 2009

der with the fresh gel. Elsa et al. (2007) studied the kinetics of
the hot-air drying of aloe vera gel (Aloe barbadensis Miller) and

neers. Published by Elsevier B.V. All rights reserved.
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Fig. 1 – HPLC chromatogram for the standard aloin sample
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evaluated the influence of temperature on the kinetic param-
eters for the proposed models. Wang and Kimberly (1991)
monitored several physical and chemical properties of field
grown aloe vera. The study observed the seasonal fluctuations
in parameters during weekly testing of fresh A. barbadensis
leaves in a span of two consecutive years. Bozzi et al. (2007)
studied the quality and authenticity of commercial aloe gel
powders and came out with the findings that out of nine ana-
lyzed, only three products contained satisfactory amount of
acemannan—a major carbohydrate fraction of aloe vera gel
and known to have antiviral and antitumoral activities in vivo.
Gautam and Awasthi (2007) standardized process of making of
aloe vera leaf powder and evaluated nutritional and physico-
chemical characteristics of the leaf powder.

The potential use of aloe products often involves some
type of processing, e.g. heating, dehydration which may cause
irreversible modifications to active substances, affecting their
original structure, which may promote important changes in
the proposed physiological and pharmacological properties of
these components. So under factual state of affairs the use
of non-standardized processing techniques to obtain aloe gel
or aloe powder may fetch poor quantitative and qualitative
availability of bioactive compounds in the marketable aloe
product. In this respect, a proper processing parameters need
to be developed to ensure the biological integrity in the final
product. At present very little is known about the effect of
drying method on the quality of aloe leaf in its dried form. So
it is important to have a systematic study on the aloe vera
for devising suitable processing method giving longer stor-
age stability and satisfying regional palate. Present study was
planned to see the effect of convective drying on the various
parameters of the aloe leaf powder.

2. Materials and methods

Aloe vera (A. barbadensis) leaves were procured from the
industry “Himalayan Herbal Products” situated at Malerkotla,
Punjab. Aloin was obtained from Sigma–Aldrich, USA.

2.1. Manufacturing process for whole leaf powder

Matured leaf collected from the industry were initially washed
in a water solution (200 ppm solution of sodium hypochlo-
rite) and then further rinsed with a dilute solution of sodium
hypochlorite (20 ppm). If leaves were extremely muddy then
they were pre washed with deionised water. Washed leaves
were trimmed and then cut into small pieces and blended in a
mixer. These blended leaves were then used to produce whole
leaf powder. The samples were dried in a hot air oven at a tem-
perature of 50, 60, 70, 80 ◦C respectively for a period of 12 h. The
dried leaves then ground and stored for further study.

2.2. Physico-chemical analysis

Moisture, ash, protein, crude fat and crude fibre content were
evaluated by standard methods (Ranganna, 1986). The pH of
the samples was measured by dissolving 1 g powder in 100 ml
of distilled water (Waller et al., 2004). The percent yield was
calculated o the basis of the dried sample and the sample

initially taken for drying. The colour values, L, a, b of the sam-
ples were measured by using colorimeter (Model: i5—150133,
Gretag Macbeth, UK).
(10 ppm).

2.3. Water absorption capacity

Water absorption of samples was determined using the
method of Sosulski (1962) with slight modifications. The sam-
ple, 3 g was dispersed in 25 ml of distilled water and placed
in pre weighed centrifuge tubes. The dispersions were stirred
occasionally. After a holding period of 30 min, the dispersions
were centrifuged at 5000 rpm for 25 min. The supernatant was
removed and the pellet was dried at 50 ◦C for 25 min which
was cooled and weighed. The water absorption capacity was
expressed as grams of water retained in the material.

2.4. Wettability

Aloe powder, 1 g was placed on a slide covering a water reser-
voir (diameter 50 mm). By pulling the slide away, the powder
layer was brought into contact with water. The wetting time
which is necessary for the submersion of last powder parti-
cle, was measured and expressed as wettability of powder in
seconds (Chang et al., 2006).

2.5. Determination of aloin in aloe powder

Aloin content was determined by using HPLC (Model 10-A VP,
Shimadzu). Aloin stock solutions of 2000 ppm were made up in
a 1:1 solution of methanol/water. The solvents were selected
as per reported literature (Waller et al., 2004). These stock solu-
tions were further diluted to 100 ppm, 10 ppm. The accuracy
of the calibration curves for aloin was tested using refer-
ence samples with known concentration of the compounds. A
model HPLC chromatogram is shown in Fig. 1 for the standard
aloin concentration of 10 ppm.

2.6. Preparation of sample

Aloe powder (20 mg) was dissolved in 2 ml methanol–water
(1:1) and passed through a C18 cartridge to selectively extract
only the phenolic fraction. The cartridge was rinsed with a
further 1 ml of pure methanol–water (1:1) and the combined
sample was injected into the HPLC system.

2.7. Operating conditions
The chromatograms were obtained by using HPLC equipped
with a Luna C18 column (5 �m particle size) with internal
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Table 1 – Effect of temperature on the various physico-chemical and functional properties of oven dried leafa powder
samples.

Parameters Temperature

50 ◦C 60 ◦C 70 ◦C 80 ◦C CDb F-value

Yield (%) 2.60 ± 0.05 2.60 ± 0.04 2.55 ± 0.04 2.52 ± 0.04 0.06 0.74
Ash content (%)c 15.48 ± 0.02 15.48 ± 0.1 15.49 ± 0.05 15.50 ± 0.05 0.11 0.07
pH (1% solution) 3.51 ± 0.01 3.53 ± 0.01 3.52 ± 0.01 3.53 ± 0.01 0.01 2.75
Crude fat (%)c 2.05 ± 0.05 2.05 ± 0.08 2.1 ± 0.10 2.12 ± 0.11 0.17 0.33
Crude protein (%)c 4.64 ± 0.10 4.62 ± 0.10 4.62 ± 0.10 4.65 ± 0.10 0.18 0.06
Crude fibre (%)c 17.86 ± 0.1 17.86 ± 0.06 17.85 ± 0.03 17.92 ± 0.07 0.12 0.63
Wettability (s) 35 35 32 37 – –
Water absorption capacity (%) 351 354 359 356 – –

a Fresh leaves had the moisture content (%) of 97.5 ± 1.1.
b Critical difference, at p < 0.05; –: not determined.
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increased from 50 to 80 C, aloin content decreased from 10.6
to 1.7 ppm (Fig. 3). The decrease in the aloin content may be
due to its heat sensitive property. The results are in agreement
c On dry weight basis.

imensions of 250 mm × 4.60 mm. A flow rate of 1 ml/min was
sed. Samples were injected at a volume of 20 �l. The solvent
radient was initially at a ratio of 40–60% methanol to water
ept for 1 min, 80% for 12 min, 100% in 5 min, 0 for 2 min and
0% for 4 min. A diode-array detector with two channels was
sed (channel A set at 275 nm; channel B set at 365 nm). The

evels of aloin in A. barbadensis samples were quantified using
xternal calibration curves.

.8. Statistical analysis

NOVA was used for the determination of F-value and critical
ifference (CD) of experimental values to statistically predict
he significance.

. Results and discussion

loe vera leaves which have been reported to have medici-
al uses were at different temperatures as 50, 60, 70 and 80 ◦C
espectively. Table 1 shows the effect of temperature on the
arious physico-chemical and functional properties of oven
ried leaf powder samples. The data indicated that variation

n percent yield of the dried samples, with selected drying
emperature values of 50, 60, 70 and 80 ◦C, was 2.60%, 2.60%,
.55% and 2.52% respectively. The observed difference in the
ercent yield at different temperatures was statistically non
ignificant (P < 0.5). The ash content in the dried leaf pow-
er samples varied from 15.48% to 15.50% (db) respectively as
n effect of temperature rise in the study range. Gautam and
wasthi (2007) also reported 14% ash content in the whole leaf
loe vera powder samples obtained after tray drying at 50 ◦C.
he oven dried powder samples had the pH value in 1% solu-

ion as 3.51, 3.53, 3.52 and 3.53 at temperatures 50, 60, 70 and
0 ◦C respectively. No significant difference was also observed
n the pH of the dried samples (P < 0.05).

Crude fat, protein and fibre content in the aloe powder
ample were ranged from 2.05% to 2.12%, 4.64% to 4.65% and
7.86% to 17.92% respectively after hot air oven drying from
0 to 80 ◦C respectively. The results are in similar line with
he reported value of the crude fat 2.2%, crude protein 4.8%
nd crude fibre 18.5% (Gautam and Awasthi, 2007). Wetta-
ility of 70 ◦C powder was 32 s as compared to 35, 35 and
7 s of the samples obtained at 50, 60 and 80 ◦C respectively.

ater absorption capacity of powder at 70 ◦C was 359% as

ompared to 351%, 354% and 356% in the powder samples
btained by drying at 50, 60, and 80 ◦C. Longer time period of
drying at 50 and 60 ◦C and higher temperature at 80 ◦C than
70 ◦C during the drying may be responsible to cause more
structural changes in the various components along with the
polysaccharides, which may probably have resulted better
water absorption capacity of the powder at 70 ◦C. The polysac-
charides stability was dependent on time and temperature
(Frending et al., 1999). Gautam and Awasthi (2007) reported
the water absorption capacity of tray dried Aloe vera powder
as 380%.

Aloe latex (the bitter exudates from the outer skin of aloe
leaves) is widely used for manufacturing beverages, because
of its aromatic properties and bitter taste, and pharmaceu-
tical uses for its laxative properties. The purgative property,
in particular, is due to some hydroxyanthracene derivatives
abundantly present in it. The five main active principles are:
the diastereoisomers aloin A and B (also known as barbaloin),
aloinoside A and B, and 5-hydroxyaloin. Aloe latex may cause
abdominal spasm and pain. Chronic use and excessive doses
can lead to hepatitis. Long-term exposure may lead to elec-
trolyte disturbances, malabsorption, weight loss, albminuria
and haematuria. These effects seem to be related to the pres-
ence of aloin, even though its mechanism of activity is not
yet well understood. Therefore, aloin proportion in any of
the powders meant for food purposes has to be regulated
carefully.

Aloin content was recorded in the dried samples obtained
under study. The HPLC chromatogram obtained for the sam-
ple, dried at 80 ◦C is shown in Fig. 2. As the temperature

◦

Fig. 2 – HPLC chromatogram of oven dried powder at 80 ◦C.
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Fig. 3 – Effect of temperature on the aloin content.
Fig. 4 – Colour values (L, a, b) of oven dried powders at
different temperatures.

with the findings stating a decrease in the barbaloin content
with temperature and time (Chang et al., 2006).

Fig. 4 shows the colour value of oven dried whole leaf Aloe
vera powder samples. ‘L’ value (lightness) of different samples
of powder were 43.82, 47.82, 59.30, and 54.82 representing the
changes in the lightness of samples (sample, dried at 50 ◦C
for 12 h by tray drier was considered for the comparison). The
samples obtained at 70 ◦C had shown the highest value, indi-
cating better colour spectrum in terms of lightness. The “a”
values were found 2.03, 2.23, −0.28 and 2.53 for the samples
obtained after drying at 50, 60, 70 and 80 ◦C respectively. Sam-
ple obtained at 70 ◦C showed negative “a” value indicated that

the sample was more greenish in colour as compare to other
samples. The positive value of “b” indicated the yellowness
in the aloe powder. As the temperature increased value of “b”
ng 8 8 ( 2 0 1 0 ) 161–164

also increased. Chang et al. (2006) reported that the colour of
aloe vera gel changed from whitish to slight yellow to brownish
during thermal processing.

4. Conclusion

This work on hot air oven drying of aloe vera leaves at different
temperatures showed that the aloe powder obtained at 70 ◦C
had better physico-chemical and functional properties than
the samples obtained at other different temperatures selected
for the study.
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