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ABSTRACT
The purpose of present study was to know the effects of different processing of anthocyanin content and scan electron
microscope image of anthocyanin of dragon fruit peel in poultry diet. The experiment was performed in a completely
randomized design with different processing like untreated dragon fruit peel or control, physical, chemical,
biological, and physical-biological, and each treatment was replicated 4 times. Variables measured were total amount
of anthocyanin and anthocyanin image of dragon fruit peel. The results indicated that physical treatment significantly
increased anthocyanin content of dragon fruit peel. Furthermore, treated dragon fruit peel with chemical, biological,
and combination of physical-biological significantly reduced anthocyanin content. The image of anthocyanin from
each treated processing revealed that control image was similar to physical treatment, and it was different from other
treatments. The physical treatment was the best method to increase anthocyanin content, and did not change the
image of anthocyanin from dragon fruit peel.
Keywords: Anthocyanins, Dragon fruit peel, Processing, Scanning electron microscope, Spectrophotometry

fruit peel such as anthocyanins, beta-carotene, and
lycopene were reported as antioxidants, lowering the
blood cholesterol, natural dyes, and anti-cancer (Wu et al.,
2006; Charoensiri et al., 2009). According to Lewis and
Rader (2005) and Anggraeni (2010), the mode of action of
anthocyanin in reducing of LDL cholesterol in mice and
humans was by inhibiting of 3-hydroxy-3-methyl-glutarylcoenzyme A (HMG-CoA) reductase enzyme for producing
mevalonate from HMG-CoA compound in cell. In
addition, anthocyanin was reported to increase the activity
of lecithin cholesterol acyltransferase to convert free
cholesterol to hydrophobic cholesterol ester, then the
cholesterol ester binds the lipoprotein core to produce new
HDL, this reaction increased the blood plasma HDL in
humans and mice. Fang (2014), reported that Anthocyanin
compounds can be absorbed from the stomach or
intestines. Anthocyanin can bind to proteins, so they can
accumulate into egg yolks, and increase egg yolk color
(Fayyaz et al., 2016; Iskander et al., 2017).

INTRODUCTION
Dragon fruit is a fruit from cactus plant which have many
different species such as white dragon fruit (Hylocereus
undatus), red dragon fruit (Hylocereus polyrhizus), super
red dragon fruit (Hylocereus contaricensis), and yellow
dragon fruit (Selenicereus megalanthus). The most popular
dragon fruit in Indonesia is red dragon fruit (Hylocereus
polyrhizus), this dragon fruit is used by people to make a
juice, cake, syrup, and jam, where all these processings
will produce dragon fruit peel waste. There is no report
about total production of dragon fruit in Indonesia, but
Mahata et al. (2015) and Mahlil et al. (2018a) reported that
processing and utilization of the fresh dragon fruit
(Hylocereus polyrhizus) would produce dragon fruit peel
waste as much as 22% from the whole fruit. In Indonesia,
the dragon fruit peel waste is potentially as poultry feed
for lowering cholesterol, and as antioxidant (Mahata et al.,
2015; Mahlil et al., 2018a). The phytochemical in dragon
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Previous researches showed that processing of
poultry feed by physical methods (steaming, boiling),
chemical methods like submerge in acid or base solution,
biological method like fermentation with microorganism
were performed for improving the quality of poultry feed
(Mahlil et al., 2018a). Mahata et al. (2016a) and Mahata
et al. (2016b) reported that the processing of tomato waste
by physical method (boiled in hot water for eight minutes)
to change the structure of trans-lycopene to cis-lycopene
in tomato waste showed that tomato waste can be used as
an alternative feed for broiler and laying hens. The
utilization of boiled tomato wastes can be used as much as
7% in broiler ration, and as much as 12% in laying hens
ration (Mahata et al., 2016a; Mahata et al., 2016b).
Furthermore, Handayani et al. (2018) mentioned that
physical method (steaming and boiling) of tomato waste
for 12 minutes was the appropriate process for increasing
lycopene and organic matter content, and maintaining the
crude protein content. Mahata et al. (2012) reported that
the crude fiber content in a juice waste mixture decreased
from 17.10 to 12.02 percent after steaming in an autoclave
for 30 minutes. Mahlil et al. (2018a) reported that the
processing of dragon fruit peels by physical method
(steaming for 20 minutes), and chemical method (soaking
in acetic acid solution for four hours) decreased the crude
fiber content in dragon fruit peel from 24.01 to 19.81
percent, and from 24.01 to 20.39 percent, respectively.
Crude fiber content in poultry’s feed was decreased by
biological method such as fermentation using
microorganism (Rizal et al., 2013; Adrizal et al., 2017;
Heryandi et al., 2018; Mahlil et al., 2018b)
The problem of dragon fruit peel utilization for
laying hen diet was the high value of crude fiber content
(24%) (Mahlil et al., 2018). The digestive tract of poultry
does not produce cellulase enzyme for degrading fiber,
therefore the anthocyanin in dragon fruit peel was not
absorbed by poultry maximally (Mahlil et al., 2018).
Furthermore, dragon fruit peel waste must be processed by
some methods to decrease crude fiber content before it is
utilized for laying hens feed.
The processing of dragon fruit peel by some methods
like heating and soaking with alkali and acid solution
would destroy its anthocyanin structure and quantity,
because some factors like pH, temperature, light, metal
ion, oxygen, sugar content, and enzyme will affect the
anthocyanin stability and quantity (Khazaei et al., 2014;
Khoo et al., 2017). In present experiment, the anthocyanin
content from dragon fruit peel after treated by all methods
(physical, chemical, biological, and combination of
physical-biological
method)
was
detected
by

spectrophotometer. It was also seen the figure of
anthocyanin after treated by any possible method
(physical, chemical, biological, and combination of
physical-biological method) under scan electron
microscope (SEM).
MATERIALS AND METHODS
Collection of dragon fruit peel
Dragon fruit peels (Hylocereus polyrhizus) were
obtained from dragon fruit field in Payakumbuh City, and
also from restaurants and various juice counters in Padang
City, West Sumatra Province, Indonesia.
Experimental design
The experiment was performed in a completely
randomized design with different processing like untreated
dragon fruit peel or control, physical (steaming at 98°C for
20 minutes), chemical (soaking in 7.5% acetic acid, pH of
4 for duration of four hours), biological (fermentation
using local microorganism solution from bamboo sprout
with fermentation durations of 13 days, and inoculum
dosage 6%), and physical-biological, and each treatment
was replicated 4 times. Variables measured in the
experiment were anthocyanin contents and anthocyanin
image of dragon fruit peel.
Preparation of dragon fruit sample
The sample of dragon fruit peel used in this
experiment was obtained from restaurant and juice
counters. Furthermore, dragon fruit peel was treated by
some methods such as physical (steaming for 20 minutes),
chemical method (soaking in acetic acid solution for four
hours) (Mahlil et al., 2018a), biological method with
fermentation utilizing microorganism-containing solution
from local bamboo sprout like Lactobacillus,
Streptococcus, Azotobacter, Azospirilium and fungi
(Fusarium and Trichoderma) with fermentation duration
of 13 days, and inoculum dosage of 6%, and combination
of the physical and the biological processing methods
(Mahlil et al., 2018b). After processing by each method,
the dragon fruit peel was dried in oven with temperature of
60◦ C until getting dry, and then it was blended to mash
form.
Anthocyanin extraction
Anthocyanin extraction was prepared by maceration
method by using distilled water solvent (Lapornik et al.,
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2005). Two gram of dragon fruit peel mash sample from
each different method processing (steaming 20 minutes,
soaking in acetic acid solution for four hours, fermentation
utilizing microorganism-containing solution from bamboo
sprout, combination of the physical and the biological)
were macerated in Erlenmeyer flask volume 250 ml, and
the surface of Erlenmeyer was covered with aluminum
foil, and then they were placed at a hot plate for extraction
process (Lapornik et al., 2005). Furthermore, samples
were centrifuged at a cold centrifuge (4 oC) with 8000 rpm,
and the supernatant (anthocyanin) of each sample were
separated from pellet, and then dried at oven in
temperature of 60 ◦C.

Furthermore, samples were sputter-coated with gold (50
nm) using a VPS-020 quick coater (ULVAC Inc.,
Kanagawa, Japan) for observation by SEM (SU-6600,
Hitachi High-Technology Corp., Tokyo, Japan) at an
acceleration voltage of 1.0 kV (Echlin, 2009).
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 5% significance
level (P < 0.05) (Steel and Torrie, 1991).
RESULTS AND DISCUSSION

Calculation of total anthocyanin
Total anthocyanin was calculated by Giusti et al.
(2001) method used spectrophotometer (UV-Visible 1700,
Shimadzu). As much as one ml of anthocyanin extract
from each different processing method of dragon fruit peel
was diluted into two different buffer solutions. For the first
solution, the dragon fruit peel sample was diluted with
0.025 M of Potassium Chloride buffer at pH of 1, and the
second solution was diluted with 0.4 M buffer of natrium
acetate at pH of 4.5 (Giusti et al., 2001). For determination
of anthocyanin content and lambda visible maximum of
sample solution in both buffer (Potassium chloride and
natrium acetate), the scanning of wave length in 510 nm to
700 nm was arranged in spectrophotometer, and then
absorbance was measured (Giusti et al., 2001).
Furthermore, total anthocyanin was calculated with
mathematical equation below:
Absorbance of solution: [lambda visible maximum
(510 nm) – A700 nm] pH1.0 – [lambda visible maximum
(510 nm) – 700 nm] pH4.5
Monomeric total of anthocyanin from dry extract of
dragon fruit peel after each processing method was
calculated as cyaniding-3- glucoside base on mathematical
equation below:
MAP (mg/L) : [(A × MW × DF × 1000) / (ɛ) × 1]
A: absorbance of solution; MW: molecular weight;
DF: dilution factor; ɛ: absorptivity molar cyaniding-3glucoside; 1: thick cuvette (cm); MAP: monomeric
anthocyanin pigment

The mean values of the anthocyanin content in
dragon fruit peel before and after treated with each method
are depicted in table 1. The processing of dragon fruit peel
with some methods (control, physical, chemical,
biological, and combination of physical biological)
affected anthocyanin content significantly (P<0.05).
Anthocyanin content from physical treatment was
significantly different (P<0.05), higher than control,
chemical, biological, and combination of physical
biological treatments. Control treatment was significantly
different (P<0.05), higher than chemical, biological, and
combination physical-biological. Chemical treatment was
significantly different (P<0.05), higher than biological and
combination of physical-biological, and anthocyanin
content of biological treatment was significantly different
(P<0.05), higher than anthocyanin content from
combination of physical-biological treatments.
Table 1. The Amount of total anthocyanin (ppm) content
in dragon fruit peel (Hylocereus polyrhizus) before and
after treated by Physical, Chemical, Biological and
Physical-Biological methods
Replication
Treatment

Scanning electron microscope observation of
anthocyanin
The anthocyanin sample was attached to the carbon
tape, and then put on the metal plate (Echlin, 2009).

Means
A

B

C

D

Control

201.54

212.22

187.53

194.20

198.87a

Physical

351.70

345.03

373.72

149.49

353.20b

Chemical

134.14

147.49

148.82

142.35

144.98c

Biological

111.45

112.12

113.45

114.79

112.95d

PhysicalBiological

46.05

48.72

45.38

44.71

46.21e

a-e

Value in the same column with different letters are significantly
different *p<0.05
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The processing of dragon fruit peel by physical
method (steaming at 98oC for 20 minutes) increased
anthocyanin content of dragon fruit peel from 198.87 to
353.20 ppm. Furthermore, processing of dragon fruit peel
by chemical method (soaking in 7.5% acetic acid, pH of 4
for duration of four hours), biological method
(fermentation using local microorganism solution from
bamboo sprout with fermentation durations of 13 days,
and inoculum dosage 6%), and processing of dragon fruit
peel with combination of physical-biological method
decreased anthocyanin content from 198.87 to 144.98, and
198.87 to 112.95, and also 198.87 to 46.21 ppm. This
research was related with Mulyawanti et al. (2018)
indicating that anthocyanin of purple sweet potato slightly
increased after steaming processing. Furthermore,
fermentation blueberry using Lactobacillus reduced total
anthocyanins content (29%) compared with fresh
blueberry (Nie et al., 2017). It was similar with the
findings of Hornedo et al. (2017) indicating that
Fermentation process decreased anthocyanin content from
strawberry. Wiczkowski et al. (2015) reported that
anthocyanin content from red cabbage reduced after
fermentation.
The highest content of anthocyanin in dragon fruit
peel which was processed by physical method due to
degradation of β-(1,4)-glycoside bond in crude fiber
fraction of dragon fruit peel cell by steaming, so that the
anthocyanin came out easily from inside of the cell to
solution (KCl and natrium acetic) when dragon fruit peel
maceration processed. Processing of dragon fruit peel by
chemical method caused low level of anthocyanin content
in comparing with control and physical method, this
condition was correlated with crude fiber content in
physical method that indicated more decrease than
chemical method, it caused low levels of anthocyanin
coming out of cells in chemical method than physical
method. The processing of dragon fruit peel via biological
method was possible by local microorganism from
bamboo sprout, consist of bacteria (Lactobacillus,
Streptococcus, Azotobacter, Azospirilium) and fungi
(Fusarium and Trichoderma) (Fatoni, 2016). The loss of
total anthocyanins content by fermentation was related to
the unstable structure of blueberry anthocyanins during
fermentation (Nie et al., 2017). This condition was a
reason of decreased anthocyanin content of dragon fruit
peel in biological method compared to anthocyanin

content from dragon fruit without processing method or
control, physical methods, and chemical methods in the
current experiment. The lowest content of anthocyanin in
dragon fruit peel was processed by combination of
physical-biological method due to degradation of β-(1,4)glycoside bonds in crude fiber fraction of dragon fruit peel
cells by steaming, so that the anthocyanin came out easily
from cells, and easier for microorganism to make
anthocyanin structure unstable. Khazaei et al. (2014)
reported that the processing by some methods like heat
processing and fermentation would destroy anthocyanin
structure and quantity, because of some factors like
enzyme, pH, and temperature would affect the
anthocyanin stability and quantity.
The result of anthocyanins from dragon fruit peel
processed by different methods with SEM are presented in
figure 1. The image of each anthocyanins from dragon
fruit peel after processing by different methods indicated
changing on their surface image.
SEM observation showed that anthocyanin image
from dragon fruit peel before being treated (See figure 1A
and 1a), have many white spots, and after being treated by
physical (steaming in boil water at 98 oC, at figure 1B and
1b), the white spots increased, then being treated by
chemical (soaking in acetic acid solution at pH4, at figure
1C and 1c), white spots decreased, and also being treated
by biological (fermentation with local microorganism
from bamboo sprout, at figure 1D and 1d), the white spots
vanished, and the surface wrinkled, and combination
physical-biological method (Figure 1E and 1e), the image
showed white spot turned in to black spot. Therefore,
anthocyanin image of dragon fruit peel for control was the
same with physical, and different from chemical,
biological, and combination of physical-biological
methods. It means that the anthocyanins of dragon fruit
peel treated by physical method was equal with
anthocyanin from untreated dragon fruit peel (control),
while the image of dragon fruit peel treated by physical
method was not destroyed . The anthocyanin of dragon
fruit peel processed by other methods (chemical,
biological, and combination of physical-biological)
showed a different image of anthocyanin in control and
physical methods. It means that the processing (chemical,
biological, and combination of physical-biological)
affected the anthocyanin.
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B

a

(A) before treated

b

(B) after treated by physical

c

C

D

(C) after treated by chemical

d

(D) after treated by biological

e

E

(E) after treated by combination physical-biological method
Figure 1. Scanning Electron Microscope (SEM) image of anthocyanin extract surface
of physical-biological methods, and untreated dragon fruit
peel (control). The image of anthocyanin of dragon fruit
peel processed by physical method resembled the
anthocyanin image of untreated dragon fruit peel, and the
anthocyanin image of dragon fruit peel processed by

CONCLUSION
Anthocyanin content in dragon fruit peel treated by
physical method was higher than anthocyanin of dragon
fruit peel treated by chemical, biological, and combination
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