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Abstract

Red pitaya (Hylocereus polyrhizus) peel is a rich source of fibre, antioxidant and betacyanin;
however, it is discarded during processing, so it is able to cause environmental problems. In
order to convert the fruit waste to potential by-product ingredients, drum drying is used as
pre-treatment to create an ingredient which is shelf-stable. In this study, the effects of rotation
speed and steam pressure of drums on the physico-chemical properties of pitaya peel that had
undergone drum drying are investigated. Pitaya peel was dried in a laboratory scale double
drum dryer at rotation speed of 1, 2, and 3 rpm at steam pressure of 1, 2, and 3 bar. The
drum dried pitaya peel was then further analyzed based on percentage yield, moisture content,
water activity, betacyanin retention and color change. Interaction of steam pressure and rotation
speed gives significant effect (p < 0.05) on percentage yield, moisture content, water activity,
betacyanin retention and Hunter L value, whereas it has no significant on Hunter a and b values.
The best combination parameters (1 rpm and 2 bar) yield the highest betacyanin retention
(80.21 mg/g of dry solid), acceptable moisture content (10.66% wet basis), water activity (aw =
0.42) and with 7.61% of yield.
© All Rights Reserved

Introduction
Pitaya or in another name, dragon fruit, is a
worldwide recognized fruit crop (Gunasena et al.,
2011). Pitaya is now grown in Israel, Vietnam,
Taiwan, Nicaragua, Australia, and the United States
commercially (Wall and Khan, 2008). On average,
annual production of this fruit worldwide is generally
4 to 20 tons fresh mass/hectare (Nobel, 2008). While
red pitaya peel comprises about 22% of the whole
fruit weight (Bakar et al., 2013), the peel discarded
worldwide is estimated to be 0.8 to 4 tons fresh
mass/hectare which is a huge source of agricultural
waste, as it is only used as fertilizer in the industry
nowadays.
There are several studies which have been
conducted on the red pitaya (Hylocereus polyrhizus)
peel. Total phenolic content (TPC) assessment and
2,2, diphenyl-1-picrylhydrazyl test demonstrates that
peels of the pitaya contain higher phenolic content
and radical scavenging activities than the pitaya
pulps (Nurliyana et al., 2010). Furthermore, the red
pitaya peel contain a considerable amount of peptin
(10.79 %), betacyanin pigment (150.46 mg/100g
of the dry matter) and total dietary fibre, where the
percentage of insoluble and soluble dietary fibre is as
high as 56.50% and 14.82%, respectively. Glucose,
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fructose and maltose are also detected in the pitaya
peel (Jamilah et al., 2011). In short, pitaya peel can
be a good source of antioxidant, natural colouring,
thickening agent and fibre content. Thus, converting
pitaya peel into powder form can be a potential
application in various foods and beverages as a
natural colorant and adding nutritional values to the
foods.
In converting fruit waste to a potential useful
by-products, pre-treatment is a vital step to create a
microbially stable ingredient (O’Shea et al., 2012).
Drying is probably the oldest food preservation
process. Among all, drum drying is widely used in
the food industry due to its high efficiency involving
-fewer labour, economical, user friendly with different
product, and high production rates ( Gavrielidou
et al., 2002; Daud, 2006). It had been used to dry
purees, soup mixture, premix breakfast cereals and
even heat sensitive product due to the short exposure
towards high (Baker, 1997; Daud, 2006; Pua et al.,
2010).
Therefore, the objective of this study is to convert
the pitaya peel into powder or flakes form by using
drum dryer and to investigate the effects of processing
variables of drum dryer such as steam pressure and
drum rotation speed on severals characteristics that
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include the moisture content, betacyanin retention,
and water activity of pitaya peel powder. Lastly, the
suitable drying conditions for drum dried pitaya peel
will also be determined.
Materials and Methods
Preparation of pitaya peel
Commercially matured red pitaya fruits
(Hylocereus polyrhizus) obtained from Madam Sun
Dragon Fruit Farm in Tangkak, Johor was used
to obtain pitaya peel. The fruits were washed and
peeled manually, followed by cutting the peel into
smaller size. The peel was ground using an ultrafine friction grinder (Masuko’s Supermasscolloider,
Motor: 15kW 2 P, MK ZA 10-20J, Japan) at 2000
rpm and stored in chiller in a light impermeable
container. Exposure to light was avoided to reduce
possible loss of nutrients.
Drum drying of pitaya peel slurry
400 g of pitaya peel slurry was poured on the
drum of the heated double drum dryer (R.Simon Nip
Feed Test Machine, Model 4766, England) at 0.1 mm
drum gap size. The drum drying was run until the
pitaya peel puree was fully dried, at rotation speed of
1 rpm and steam pressure of 1 bar, continued at others
conditions up to of 3 rpm and 3 bar. Each combination
of parameters was repeated three times. The dried
pitaya peel was removed in powder form from the
drum surface by two blades that are located on each
drum. The dried powder collected were immediately
stored in amber bottles with cotton inside to avoid
moisture absorption. Then, aluminium foil was used
to cover the outside of the bottle to prevent light
penetration. The samples were stored in chiller (4oC)
prior to analysis.
Determination of color
The color of pitaya powder was measured
using calibrated Hunter Lab UltraScan Pro
Spectrocolorimeter (Hunter Associate Laboratory
Inc., Reston, USA). The results were expressed as L
(lightness: 0 = black, 100 = white), a (-a = greenness,
+a = redness) and b (-b = blueness, +b = yellowness)
values (Sagrin and Chong, 2013).
Determination of betacyanin retention
Determination of betacyanin retention was
carried out with slight modification (Lim et al., 2011).
Betacyanin was extracted using the solvent (distilled
water) extraction method. 1 g of the dried peel powder
was mixed with 25 g of distilled water then shaken
and centrifuged at 3500 rpm (2380 ×g) (Kubota

5800, Japan) for 10 minutes at 24oC. The centrifuged
solution was then filtered and the clear solution was
kept in test tubes wrapped with aluminium foil to
prevent light penetration and stored at 4oC for further
analysis. The concentration of betacyanin was
determined by using the spectrophotometer (Genesys
20, Thermo Electron Corporation, Model 4001/4), and
absorption spectrum of betacyanin was determined at
a wavelength of 538 nm. The betacyanin content was
calculated using the formula below:
------ (1)
Where
A is the absorption value at the absorption maximum
(538nm) corrected by the absorption at 600nm
DF is the dilution factor
MW is the molecular weights of betacyanin (550 g/
mol)
V is the Volume extract (mL)
W is the dry solid weight of extracting material (g)
ε is the molar extinction coefficient of betacyanin
(65,000 L mol-1 cm-1) and
L is the path length of the cuvette (1 cm)
Moisture content
Moisture content was determined by the method
outlined in AOAC (2000). Pitaya peel powder of 3 g
was heated under 105oC overnight and the difference
in weight was determined.
Water activity
A pre-calibrated water activity meter (Aqua lab,
Model CX2, Decagon Devices, Pullman, WA) was
used to measure the water activity (aw) of the dried
pitaya powder. Triplication of the reading were
determined (Sagrin and Chong, 2013).
Statistical analysis
The data were analyzed and presented as mean
values with standard deviations of triplication data.
A statistical program Minitab 16 (Minitab Inc. USA)
was used to perform the Two Way ANOVA and
follow-up post hoc comparison (Tukey’s test). Values
were considered at 95% significant (p < 0.05).
Results and Discussion
The interaction effects of parameters were
analyzed using Two Way ANOVA. The interaction of
rotation speed and steam pressure gave a significant
interaction effect on percentage yield, moisture
content, water activity, betacyanin retention with
p value ≤ 0.001 and Hunter L value (p = 0.01).
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by moisture content. On the other hand, higher dry
solid output rate was achieved during the higher
drum speed which increases the movement of feed
liquid in the drums (R.H.Kakade et al., 2011) Hence,
increasing of moisture content and dry solid weight
gave an increment in percentage of yield of dried
pitaya peel.

Figure 1. Interaction plot of rotation speed (rpm) and
steam pressure (bar) for percentage of yield of drum dried
pitaya peel

Figure 2. Interaction plot of rotation speed (rpm) and
steam pressure (bar) for moisture content of drum dried
pitaya peel

Figure 3. Interaction plot of rotation speed (rpm) and steam
pressure (bar) for water activity of drum dried pitaya peel

However, Hunter a value (p = 0.199) and Hunter b
value (p = 0.105) were not affected by the interaction
effect of rotation speed and steam pressure.
Percentage of yield
Percentage yield was found to be increased
when the rotation speed of drum dryer increased.
Meanwhile, the percentage of yield decreased when
steam pressure increased, as shown in Figure 1.
Percentage of yield was calculated by dividing dried
powder over the sample weight, where the higher the
weight of dried powder, the higher the percentage
yield. Based on the result, higher dried powder
weight contains had higher moisture content, which
reflects that the mass of dried product was influenced

Moisture content and water activity
The moisture content and water activity
increase when the rotation speed of drum dryer was
increasing. On the other hand, both of the responses
decreased when the steam pressure was increased.
The interaction effects of steam pressure and rotation
speed on moisture content and water activity are
shown in Figure 2 and Figure 3, respectively. The
relationship of moisture content and water activity
can be explained by the sorption isotherm (Belitz
et al., 2009). Although the sorption isotherm is not
in linear regression, high moisture content usually
incorporated with high water activity. Drum surface
temperature was increased by higher steam pressure,
which increases moisture removal rate from the pitaya
peel puree and thus reduces the product moisture
content (Kakade et al., 2011). Hence, increase of
steam pressure will decrease the percentage of yield
and water activity as well.
Increasing of rotation speed increases moisture
content and water activity of pitaya peel powder.
Residence time of feed on the drum surface decreases
with increasing rotation speed, thereby the shorter
drying time gives higher moisture content end
product. (Kakade et al., 2011). This result shown
agreement with previous study where higher rotation
speed causes the end product wetter (Kalogianni
et al., 2002). Drum drying of starch sheet gives
similar result where the moisture content increased
continuously when the drum rotation speed increased
at a steam pressure below 800 kPa (Vallous et al.,
2002). Besides, Pua et al. (2010) also reported
that the moisture content of jackfruit (Artocarpus
heterophyllus) powder increase rapidly with the
increasing of drum rotation speed.
Betacyanin retention
The interaction effect of rotation speed and steam
pressure on betacyanin content is shown at Figure
4. From the figure, higher rotation speed gave lower
percentage of betacyanin retention. Meanwhile,
percentage of betacyanin retention of pitaya peel
powder increased when steam pressure increased
from 1 bar to 2 bar, but it dropped when steam
pressure increased from 2 bar to 3 bar.
The betacyanin retention is higher at low rotation
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Figure 4. Interaction plot of rotation speed (rpm) and
steam pressure (bar) for betacyanin retention of drum
dried pitaya peel

Figure 5. Interaction plot of rotation speed (rpm) and
steam pressure (bar) for Hunter L,a, b value of drum dried
pitaya peel

speed of drums. When the rotation speed is decreased,
the retention time of pitaya peel slurry on drum
dryer is longer. The pitaya peel experience higher
heat fluxes, thus degradation of betacyanin occur
at higher rate and experience fluctuating chromatic
stability, which causes the formation of the isomer
of betacyanin, isobetanin (Herbach et al., 2006).
Isobetanin gives a different pigment configuration
but all betacyanins still give a same wavelength color
that is able to be detected at wavelength of 538nm
using spectrophotometer (Harivaindaran et al.,
2008), which causes high percentage of betacyanin
retention. The highest percentage of betacyanin
retention was determined at rotation speed of 1 rpm
and steam pressure of 2 bar, which gave an average
of 80.21 mg/g of dry solid. Since betacyanin is a very
heat sensitive pigment (Cheryan and Alvarez, 1995),
it will be destroyed at high heat temperature. This
explains the drop of betacyanin content at a steam
pressure of 3 bar. At 1 rpm and 2 bar, the formation
of isobetanin occurs at the highest rate, and yet the
interactive effect of rotation speed and steam pressure
had not destroyed the betacyanin compound, thus the
betacyanin retention-occur at the highest percentage.
Color analysis

The Hunter L value was significantly affected by
rotation speed and steam pressure at all combinations.
Even Hunter a value and Hunter b value are not
affected by the interaction effect, however, statistical
analysis showed that Hunter a value was affected
by steam pressure (p ≤ 0.001). Figure 5 shows
the color analysis of drum dried pitaya peel. The
Hunter L values decreased as the rotation speed of
drums were increased. On the other hand, Hunter
L values increased when steam pressure increased.
Meanwhile, the interaction of rotation speed and
steam pressure did not give significant effect on
Hunter a (p = 0.199) and b (p = 0.105) values. Color
changes that were observed during drying is due to
the complex reactions of food components in the
pitaya peels (R.H.Kakade et al., 2011).
Decrease of Hunter L value indicates the
brightness of pitaya peel powder decreasing, which
means that color of the powder becomes darker. The
darker color of the drum dried pitaya peel color can
be attributed to high drying temperature. Drum drying
of mango powder possess a darker color compared
to the sprayed dried, freeze dried and air dried
mango powder, mainly due to the chemical reactions
between sugar and proteins which is formerly known
as Maillard reaction or browning reaction (Caparino
et al., 2012). Since the pitaya peel consists of protein
and sugar as well, thus there is a possibility that
Maillard reaction had occurred that makes the drum
dried pitaya peel darker. Previous study on drying of
strawberry puree also shown that the high processing
temperature greatly influences the color degradation
(Abonyi et al., 2002).
Conclusion
Steam pressure and rotation speed of drums have
shown interactive relationship during drum drying
process of pitaya peel slurry. The result had indicated
that both independent variables significantly (p ≤
0.05) affected the drum drying temperature and
therefore influencing the quality and color stability
of pitaya peel powder. The best drying condition for
pitaya peel is at 1 rpm of rotation speed and 2 bar of
steam pressure which produce the highest betacyanin
content and shelf life stable powder.
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