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Abstract
Background and Objective: The processing of dragon fruit (Hylocereus polyrhizus) into a food product leaves fruit peel waste, which is
a potential feed for laying hens. Dragon fruit peel contains phytochemical compounds such as anthocyanins, beta-carotene and lycopene,
which are reported to have antioxidant functions and to lower cholesterol in blood serum. Previous study showed that the problem with
using dragon fruit peel as feed for laying hens was due to its high content of crude fiber, which inhibited the amount of its utilization in
the poultry diet and lowered its phytochemical absorption in the digestive tract. Physical and chemical methods, such as steaming and
soaking in acid solution, could reportedly degrade and lower the crude fiber content in feed containing high levels of crude fiber. The
goal of this study was to evaluate the nutrient content of dragon fruit peel, particularly its crude fiber content, after processing with
physical and chemical methods, to determine its use in feed for laying hens. Materials and Methods: The dragon fruit peels in this
experiment were collected from local restaurants in Indonesia. The experiment consisted of 2 parts. In part one, dragon fruit peels were
steamed in boiling water at a temperature of 98EC. It was performed in a completely randomized design, with different steaming times
(0, 5, 10, 15 and 20 min) and each treatment was replicated 4 times. Then the dry matter, crude fiber and crude protein were measured.
In the second part, the dragon fruit peels were treated by soaking in 7.5% acetic acid (pH 4). The experiment was performed in a
completely randomized design with different soaking times (0, 2, 4, 6 and 8 h) and each treatment was replicated 4 times. The dry matter,
crude fiber and crude protein were measured. Results: The experiment showed that both the physical and chemical methods highly
significantly reduced the crude fiber content of dragon fruit peel (p<0.01) but did not significantly affect the dry matter or protein content
of dragon fruit peel (p>0.05). Conclusion: Processing dragon fruit peels by using a physical method (steaming for 20 min) and a chemical
method  (soaking  in  acetic  acid  solution  for  4  h)  lowered the crude fiber content in dragon fruit peel from 24.01-19.81% and from
24.01-20.39%, respectively, without altering the protein and dry matter content of dragon fruit peel.
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INTRODUCTION

Agricultural waste can be used as an alternative poultry
feed because it contains nutrients that can be utilized by
poultry. A mixture of juice wastes from various fruits and
vegetables, such as carrot, apple, mango, avocado, orange,
melon and dutch eggplant (juice waste mixture), could
reportedly account for as much as 20% of a broiler ration1. The
utilization of an improved juice waste mixture by soaking up
to 40% of the rice hull ash filtrate in broiler ration in the juice
or replacing as much as 80% of the corn with the juice
maintained broiler performance2. Furthermore, boiled tomato
waste can be utilized as an alternative feed material for broiler
and laying hens. The use of boiled tomato wastes (up to 7%)
in broiler rations lowered the cholesterol, low-density
lipoprotein  (LDL)  and  triglycerides  and  maintained  the
high-density   lipoprotein   (HDL)   in   broiler   blood   serum.
The   utilization   of   boiled   tomato   in   laying   hen   rations
(as much as 12%) decreased the egg yolk cholesterol and
increased the egg yolk index3,4. Pineapple waste was also
reported as a potential feed for poultry, but its use was
constrained due to its high fiber content, which could not be
digested by the poultry. According to Adrizal et al.5, the
fermentation of pineapple waste for 1 week with a solution of
local  microorganisms  from  bamboo  sprout,  at  a  dosage  of
375 mL/500 g fresh pineapple waste, reduced the pineapple
waste crude fiber from 24-17.16%.

Dragon fruit peel is a waste obtained from the processing
of fresh dragon fruit for juice or material for use in cakes,
syrups and jams. This waste is also a potential poultry feed
because it contains the nutrients required by poultry. No
statistical data on the availability of fresh dragon fruit peel are
available. Previous study showed that dragon fruit peel
accounted for 22% of a whole fresh dragon fruit6,7. According
to Wahyu8, 1 Ha of dragon fruit plantation will produce  50  t
of fresh dragon fruit and they predicted that the same
plantations would produce as much as 11 t of dragon fruit
peel (calculated as 22% of the 50  t  of fresh dragon fruit being
dragon fruit peel). Mahlil7 reported that 1 kg of fresh dragon
fruit  peel  would  produce  100  g  of  powdered  dragon  fruit
peel after drying under sunlight until the water content
reached 14%. Therefore, it could be predicted that 1 ha of
dragon fruit plantation would produce as much as 1.1 t
(calculated as 22%×50,000 kg×0.1 kg) of dragon fruit peel
powder. Based on this description, dragon fruit peel is
available as a potential poultry feed.

According to Bakar et al.6, fresh dragon fruit peel contains
92.65% water, 0.95% protein, 0.10% lipid, 0.10% ash, 6.20%
carbohydrates, 150.46 mg/100 g beta-cyanin and 10.8%

pectin. Furthermore, on a dry weight basis, red dragon fruit
peel powder contains 9.47% water, 16.22% ash, 8.90% crude
protein, 3.18% lipid, 24% crude fiber, 0.68% Ca, 0.84%
available    P    and   EM   2,031   Kcal   gG1,   8.84%   lignin,
699.14  mg/100  g  tannin,  108.55  mg/100  g  anthocyanin,
3.033 ppm lycopene and 5.569 ppm $-carotene9.

Anthocyanin in dragon fruit peel plays an important role
in the reduction of cholesterol. According to Lewis and Rader10

and Anggraeni11, the mechanism by which anthocyanin
reduces LDL cholesterol in mice and humans is by inhibiting
the enzyme HMG-CoA reductase from producing mevalonate.
In addition, anthocyanin increases the activity of lecithin
cholesterol acyltransferase (LCAT) in the conversion of free
cholesterol to hydrophobic cholesterol ester. Then, the
cholesterol ester binds the lipoprotein core to produce new
HDL. This reaction increases the blood plasma HDL in humans
and mice.

Previous study on the utilization of dragon fruit peel as
poultry feed has been reported by Wulandari12, who showed
that dragon fruit (Hylocereus undatus) peel could be included
in layer rations at rates as high as 6% without affecting
performance. Mahata et al.9 reported that as much as 15% of
dragon fruit (Hylocereus polyrhizus) peel in broiler rations did
not affect their performance and that the inclusion of dragon
fruit peel at 5% of the ration is an effective level for reducing
cholesterol, LDL and triglycerides in broiler blood serum.

The problem when utilizing dragon fruit (Hylocereus
polyrhizus) peel in poultry rations is the high crude fiber
content, which inhibits the absorption of nutrients in the
poultry digestive tract9. Therefore, it is necessary to find a
method for lowering the crude fiber while retaining the
content and structure of anthocyanin in dragon fruit peel as
feed for laying hens.

High levels of crude fiber in feed can be lowered by both
physical and chemical methods. The physical method for
degrading crude fiber in shrimp waste by boiling in water
(temperature 100EC) and steaming in an autoclave was an
effective method in degrading the $-(1,4)-glycoside bond of
crude fiber fraction in shrimp waste13. Mahata et al.14 reported
that the crude fiber content in a juice waste mixture decreased
from 17.10-12.02% after steaming in an autoclave for 30 min.
The effective chemical method for lowering the crude fiber in
plants is soaking the plant in acetic acid or vinegar. This
method degrades the polysaccharide bonds in the plant cell
wall and reduces the crude fiber content15,16.

There are no reports on the processing of dragon fruit
(Hylocereus polyrhizus) peel by steaming (physical method) or
soaking with acetic acid or vinegar (chemical method) to
reduce  the  crude  fiber  content  and  retain  the  anthocyanin
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content and its structure in dragon fruit peel as feed for laying
hens. The purpose of this study was to evaluate the nutrient
content of dragon fruit peel, particularly the crude fiber
content, by using a physical method (steaming) and a
chemical method (soaking in acetic acid) for use in feed for
laying hens.

MATERIALS AND METHODS

Collection  of  dragon  fruit  peel:  Dragon  fruit  peels
(Hylocereus polyrhizus) were obtained from various juice
counters and restaurants in Padang City, West Sumatra
Province, Indonesia.

Experimental design: The experiment was performed in two
parts. In part one, dragon fruit peel was treated by steaming
at 98EC. The experiment had a completely randomized design
with different steaming durations (0, 5, 10, 15 and 20 min) and
each treatment was replicated 4 times. In part two, dragon
fruit peel was treated by soaking in 7.5% acetic acid (pH 4).
The dragon fruit peel was soaked in acetic acid for various
durations (0, 2, 4, 6 and 8 h) and each treatment was repeated
4 times. Variables measured in both parts of the experiment
were the dry matter, crude protein and crude fiber contents of
dragon fruit peel, which were evaluated by a proximate
analysis17.

Treatment of dragon fruit peel by the physical method:
Dragon fruit peel was chopped to ±3 cm and put into a
steamer with a steam temperature of 98EC for steaming
durations of 0, 5, 10, 15 and 20 min. After the steaming was
stopped, the dragon fruit peel was dried in an oven for 2 days,
at a temperature of 60EC and then ground into powder for
analysis of the nutrient content.

Treatment of dragon fruit peel by chemical method: Acetic
acid solution (vinegar) was diluted with a quades to reach a
concentration of 7.5 and 0.05% lime betel solution was added
to adjust the pH of the acetic acid solution (vinegar) to pH 4.
Then, dragon fruit peel was soaked in the acetic acid solution
(pH 4) for various soaking durations (0, 2, 4, 6 and 8 h). After
the soaking was finished, the dragon fruit peel was dried in an
oven for 2 days, at a temperature of 60EC and then ground
into powder for analysis of the nutrient content.

Statistical analysis: All data were statistically analyzed by a
one-way    analysis    of    variance    (completely    randomized

design).  The  differences  between  treatments  were
determined using Duncan’s multiple range test, with a 1%
significance level18.

RESULTS AND DISCUSSION

Effects of physical method and chemical method on crude
fiber, dry matter and crude protein: The effects of the
physical method and the chemical method on crude fiber, dry
matter and crude protein are shown in Table 1-3, respectively.
Processing dragon fruit peel by both physical and chemical
methods highly significantly decreased the crude fiber
content of dragon fruit peel (p<0.01) but did not reduce the
dry matter or protein content (p>0.05).

Crude fiber parameter: The mean amounts of total crude
fiber in dragon fruit peel after treatment by the physical and
chemical methods are depicted in  Table  1.  Treating  dragon

Table 1: Crude fiber content of dragon fruit peel after processing by physical and
chemical methods

Replication
---------------------------------------------------

Duration 1 2 3 4 Means
Physical method (min)
0 22.99 24.31 24.34 24.38 24.01a

5 22.08 22.65 20.77 22.34 21.96b

10 21.78 23.10 21.62 21.88 22.10b

15 22.21 21.95 21.82 22.14 22.03b

20 19.76 20.63 19.59 19.26 19.81c

Chemical method (h)
0 22.99 24.31 24.34 24.38 24.01a

2 22.65 22.65 22.68 22.71 22.67b

4 19.69 20.33 20.65 20.86 20.38c

6 21.21 21.27 20.75 20.50 20.93c

8 21.32 20.57 20.33 21.60 20.95c
a-cValues in the same column with different letters are highly significantly
different (p<0.01)

Table 2: Dry matter content of dragon fruit peel after processing by physical and
chemical methods

Replication
----------------------------------------------------

Duration 1 2 3 4 Means
Physical method (min)
0 92.10 93.00 91.63 90.92 91.91
5 91.91 91.13 92.10 92.61 91.94
10 92.45 92.36 92.53 91.17 92.13
15 92.20 93.30 93.30 93.00 92.95
20 92.09 91.63 93.34 93.39 92.61
Chemical method (h)
0 92.10 93.00 91.63 90.92 91.91
2 93.34 92.97 92.45 92.20 92.74
4 93.30 91.13 93.39 94.42 93.06
6 91.91 92.53 93.30 91.17 92.23
8 93.49 92.61 92.36 92.09 92.64
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Table 3: Crude protein content of dragon fruit peel after processing by physical
and chemical methods

Replication
-------------------------------------------------

Duration 1 2 3 4 Means
Physical method (min)
0 7.16 7.48 7.32 7.98 7.49
5 6.59 5.92 8.37 9.28 7.54
10 6.95 8.04 5.57 6.52 6.77
15 6.63 7.42 7.81 6.70 7.14
20 6.49 7.92 7.77 8.43 7.65
Chemical method (h)
0 7.16 7.48 7.32 7.98 7.49
2 7.46 7.67 7.85 7.81 7.70
4 6.95 7.13 7.69 7.31 7.20
6 7.15 8.55 7.64 8.18 7.80
8 7.79 6.96 6.46 7.65 7.22

fruit peel by steaming in boiled water at the temperature of
98EC for various durations (0, 5, 10, 15 and 20 min) highly
significantly reduced the crude fiber content (p<0.01). In the
steaming duration of 0 min, the crude fiber content was
different (p<0.01) from those in the treatments with 5, 10, 15,
or 20 min of steaming. Further, although the crude fiber
content  did  not  differ  among  the  steaming   durations   of
5, 10 and 15 min (p>0.05), it was different (p<0.01) from that
in the duration of 20 min. After processing with 20 min of
steaming, the crude fiber content of dragon fruit peel
decreased from 24.01-19.81%. According to Marjuki19, the
steaming process degrades the bonds among cellulose,
hemicellulose and lignin. The steaming method for processing
feed material can change the chemical structure of the cell
wall, break bonds between the cell walls and degrade
hemicellulose20-22. Soaking dragon fruit peel in 7.5% acetic acid
for various durations (0, 2, 4, 6 and 8 h) highly significantly
reduced the crude fiber content (p<0.01). The crude fiber
content after soaking for 0 h was different (p<0.01) from those
after 2, 4, 6 and 8 h and the crude fiber content after soaking
for 2 h was different (p<0.01) from those after 4, 6 and 8 h,
however, the crude fiber content did not differ among the
treatments with soaking for 4, 6 or 8 h (p>0.05). The most
effective treatment for decreasing the crude fiber content in
dragon fruit peel was soaking it in acetic acid for 4 h, which
decreased the crude fiber from 24.01-20.38%. According to
Nathan et al.23, when natural dry grass was hydrolyzed by
using food vinegar for 1 day, there was increased disruption of
the bond in lignocellulose, such that the coarse fiber value
decreased and that, in turn, decreased the value of NDF.
Furthermore, the crude fiber content of KUME grass decreased
from 43-36% and the NDF content decreased from 73-68%.
Here, both physical (steaming) and chemical (soaking in acetic
acid) treatments could decrease the crude fiber content in
dragon fruit peel.

Dry matter content: The mean values of the total dry matter
in dragon fruit peel after treatments with both physical and
chemical methods are shown in Table 2, which demonstrates
that treating dragon fruit peel by steaming in boiled water at
a temperature of 98EC and steaming durations of 0, 5, 10, 15
and 20 min did not affect the dry matter content in dragon
fruit peel (p>0.05). According to Onyeike et al.24, the dry
matter  content  of  African  elemi  was  significantly  increased
at   all  levels  of  processing.  The  range  was  97.0-98.5%
(1.13-1.55%   increase)   in   African   walnut   and   97.3-95.8
(1.75-1.54% reduction) in African elemi. In this study, steam
processing maintained the dry matter content, likely because
the material was not heated for too long or at too high a
temperature. Similar to the study by Okibe et al.25, the
steaming did not affect the moisture content or dry matter
content of fluted pumpkin (Telfairia occidentalis) leaves.
Furthermore, soaking dragon fruit peel in 7.5% acetic acid for
durations of 0, 2, 4, 6 and 8 h did not significantly increase the
dry matter content (p>0.05). According to Martinson et al.26,
soaking hay affects dry matter loss in immature orchard grass
and alfalfa hay, depending on both the water temperature
and soaking time. In this study, the soaking duration
maintained the dry matter content, likely because the soaking
duration was short. Similarly, in the study by Collins27, dry
matter loss was not significant until 12 h of soaking for all
hays, except for that of immature orchard grass, which
showed a significant loss of dry matter within 1 h of soaking in
warm water. In this study, however, neither physical
(steaming) nor chemical (soaking in acetic acid) treatments
decreased the dry matter content of dragon fruit peel.

Crude protein content: The mean values of the total crude
protein in dragon fruit peel after treatments with both
physical and chemical methods are shown in Table 3. This
demonstrates that treating dragon fruit peel by steaming in
boiled water at a temperature of 98EC for durations of 0, 5, 10,
15 and 20 min did not reduce the crude protein in dragon fruit
peel (p>0.05). According to Okibe et al.25, steaming reduced
the crude protein of fluted pumpkin (Telfairia occidentalis)
leaves from 31.74-18.20%. In this study, steam processing
maintained the crude protein content, likely because the
material was not heated for too long or at an overly high
temperature. Similar to the study by Onyeike et al.24, steaming
at a temperature of 99EC and at durations of 45 and 90 min
did not reduce the crude protein in African walnut.
Furthermore, soaking dragon fruit peel in 7.5% acetic acid for
durations of 0, 2, 4, 6 and 8 h did not significantly reduce the
crude protein content (p>0.05). According to Udensi et al.28,
soaking for 24 h followed by boiling decreased the protein
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content of Mucuna flagellipes  flour. In this study, the soaking
duration did not decrease the protein content, likely because
of the short soaking duration. The acetic acid did not affect the
hydrolysis of the peptide bonds. In this study, neither physical
(steaming) nor chemical (soaking in acetic acid) treatments
decreased the crude protein content of dragon fruit peel.

CONCLUSION

Processing dragon fruit peel by a physical method
(steaming for 20 min) and by a chemical method (soaking in
acetic acid solution for 4 h) decreased the crude fiber content
in dragon fruit peel from 24.01-19.81 and 20.39%, respectively,
while maintaining the protein and dry matter contents of
dragon fruit peel.

SIGNIFICANCE STATEMENT

This study revealed that steaming (physical method) and
soaking with acetic acid (vinegar, the chemical method)
improved the nutrient quality of dragon fruit (Hylocereus
polyrhizus) peel by reducing its crude fiber content while
retaining the content and structure of anthocyanin for use as
feed for laying hens. This study can be beneficial by providing
new information about the nutrient contents and utilization
of dragon fruit peel in feed for laying hens. This study will help
researchers uncover the nutrient contents of dragon fruit peel,
particularly its crude fiber content, by using a physical method
(steaming) and a chemical method (soaking in acetic acid) to
increase its utilization as feed for laying hens, which could not
previously be explored. Thus, a new approach for using
physical and chemical methods to improve the nutrient
quality of dragon fruit (Hylocereus polyrhizus) peel as feed for
laying hens may be determined.
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