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Abstract

Sunda porcupine (Hystrix javanica F. Cuvier 1823) is an endemic fauna from Indonesia that its quills are
believed to have medical benefits by local people in some regions of Indonesia. However, the benefits have
never been well recorded nor proven scientifically. Local people believe the Sunda porcupine’s quills have
efficacy to relieve property for treating toothache. There is limited research on Sunda porcupine’s quills,
especially the active compounds, which may affect toothache. This research aims to perform basic
pharmacological experiments on Sunda porcupine’s quill samples, which includes screening for the active
compounds and determining the LCso toxicity using brine shrimp lethality test (BSLT) method. Sunda
porcupine’s quills were first prepared into simplicia powder (60 mesh in size) and then extracted with 70%
ethanol by maceration to produce crude extract. We found that the crude extract of Sunda porcupine’s quills
contains some active compounds, including alkaloids, flavonoids, saponins, triterpenoids, steroids, and peptides.
The LCso value of the crude extract was 2,683.19 ppm; thus, categorized as non-toxic. These findings can be
used to identify the active compounds in Sunda porcupine’s quills and can be used as a background for further

research.
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Introduction

The Sunda porcupine (Hystrix javanica F.
Cuvier 1823) is a terrestrial rodent-mammal
fauna native to Indonesia. It can be found in
some regions of Indonesia, such as Java, Bali,
Sumbawa, Flores, Lombok, Madura, and
Tonahdjampea. The porcupine is active at
night (nocturnal) and lives in groups. It is an
abundant species and categorized as the least
concern (LC) species based on IUCN Red List
(van Weers, 1979; Van Weers, 1983; Woods
& Kilpatrick, 2005; Aplin, 2016) (Figure 1).

The Sunda porcupine is known as an
agricultural pest by the local people where the
Sunda porcupine can be found (Farida, 2013).
Local people hunt the porcupine to decrease
the damage to crops since the porcupine eats
various types of crops like tubers and corn.
Some local people hunt the porcupine for its
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meat or medicine. They believe that the
porcupine has medical benefits; however, this
ethnomedicine is not well recorded. Anita et al.
(2018) reported that the tail meat of Sunda
porcupine has aphrodisiac potency. On the
other hand, its family, the American porcupine
quills (Erethizon dorsatum) has been reported
to have antibiotic properties (Roze et al., 1990).

Exploration of active compounds from
bioresources remains interesting. The research
of active compounds from Sunda porcupine is
still needs to be expanded despite local people
believing much in its ethnomedicine. One of
them is that the local people in some regions of
Indonesia believe that Sunda porcupine’s
quills can be used for treating toothache. A
basic pharmacological study should be
performed to initiate more advanced research
so that this ethnomedicine can be both well
recorded and proven scientifically. This
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research aims to perform basic
pharmacological experiments to identify the
active compounds in Sunda porcupine’s quills,
which includes screening of the active
compounds and LCsg toxicity assay using brine
shrimp lethality test (BSLT) method. The
findings of this research could identify the
active compounds in Sunda porcupine’s quills
and also can be used as background for further
research.

/

nda porcupne (Hystrix javanica F.

Figure 1. Su
Cuvier 1823)

Materials and Methods

Simplicia  Preparation. The Sunda
porcupine’s quills were the collection of
Nutrition Laboratory, Zoology Division,
Research Center for Biology, Indonesian
Institute of Sciences taken from the remains of
physiological research samples which has been
approved by ethical commissions with the
number B-15897/IPH/KS.02.04/X11/2019
signed by Deputy of Life Sciences, Indonesian
Institute of Sciences. The fresh samples of
quills were cleaned under running water to
eliminate dirt and put under light at room
temperature. The clean and dry sample was
then weighed to obtain the wet weight. After
that, the samples were dried in an oven at 50°C
for 3 days to be simplicia. The simplicia was
ready after the drying process and weighed to
obtain the dry weight. The weight shrinkage
percentage was calculated using the Formula 1.

wet weight-dry weight

weight shrinkage (%)= x100% (1)

wet weight

The simplicia was mashed and sifted to
obtain simplicia powder with the size of 60
mesh before being stored. The non specific
character (water content) of simplicia powder
was analyzed using AOAC method (2003) to

ensure that the quality of simplicia powder was
good enough before being stored and used for
further purposes. The water content of
simplicia should be less than 10% to minimize
the risk of simplicia damage from enzymatic
and microbial activities (Manoi, 2006). The
amount of water inside the simplicia powder
was eliminated by heating the simplicia
powder at 105°C for 3 hours or until a constant
final weight was reached. The weight before
heating (Wo) and the weight after heating (Wt)
were measured to determine the water content.
The water content of the simplicia was
calculated by the Formula 2.

Wo-Wt
Wo

water content (%)= x100% (2)

The specific characteristics of simplicia
powder were also determined based on
organoleptic test. The test was performed to
get the character of color, odor, taste, and
texture of the simplicia powder.

Extraction. The obtained simplicia powder
was extracted by maceration using 70%
ethanol as the solvent. The ratio between the
powder and the solvent was 1:10. Extraction
was performed by shaking at 120 rpm for 3
days. The extraction process was repeated
three times using the same simplicia powder.
After the process, the filtrate was separated
using filter paper. The filtrate was then dried to
obtain crude extract. The drying process of
filtrate was conducted wusing a rotary
evaporator with temperature of 50°C at 120
rpm. The yield of crude extract was then
calculated using the Formula 3.

weight of crude extract

yield extract (%)= x100% (3)

weight of simplicia powder

The specific characteristics of the crude
extract were also determined by an
organoleptic test similar to that performed on
simplicia powder. The characteristics tested
were color, odor, taste, and texture of the crude
extract. The characters can be used as identity
of the extract, which distinguish it with other
crude extract.

Screening of Active Compounds. The crude
extract was screened qualitatively for the
content of its active compounds. The
qualitative analyses conducted in this research
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were alkaloid, steroid-triterpenoid, flavonoid,
saponin, tannin, and peptide assays.

Alkaloid assay. The assay was performed
by the reagents of Meyer, Wagner, and
Dragendorf. About 40 mg of crude extract was
stirred firmly with ammonia 25%. Next, 20
mL of chloroform was added and crushed
intently. The mixture was then filtered with
filter paper to obtain the filtrate. The filtrate
was mixed with 10% HCI while shaking to
form several fractions. The top layer fraction
solution was divided into three test tubes.
Meyer's reagent was added to the first tube,
drop by drop. A positive result is indicated by
a white precipitate. Wagner's reagent was
added to the second tube. A positive result is
indicated by a brownish-red precipitate.
Dragendorff’s reagent is added to the third
tube. A positive result is an orange-red brick
precipitate (Aziz, 2015; Bintang, 2010;
Harborne, 1996).

Steroid-triterpenoid assay. The crude
extract was macerated with 10 mL of ether for
2 hours in an evaporating dish and covered
with aluminum foil. After that, it was filtered
using filter paper and a separating funnel. Then
the filtrate was taken and heated at 50°C until
the residue was obtained. Then, sulfuric acid
was added drop by drop to the residue until the
green color was formed, indicating the
presence of steroid, while the formation of red
color indicates a positive triterpenoid
(Balamurugan et al., 2019; Harborne, 1996).

Flavonoid assay. The crude extract was
added with 100 mL of distilled water. Then,
the mixture was heated for 5 minutes and
filtered. The filtrate in the test tube was added
with magnesium powder, concentrated HCI,
and amyl alcohol. Next, the test tube was
shaken quickly and was allowed to form
several layers. A positive indicator of the
presence of flavonoid compounds is the
formation of orange color on the amyl alcohol
layer (Nea et al., 2021).

Saponin assay. Flavonoid test result
filtrates was added with 5 mL of 0.5 M
alcoholic KOH in a tube reaction. The filtrates
were shaken for 10 minutes and were allowed
to stand for a few minutes. The formation of
stable foam that does not disappear with the
addition of one drop of 1% HCI in the test tube
indicates the presence of a saponin group
(Harbone,1996).

Tannin assay. The crude extract was added
with 25 mL of distilled water, boiled for 15
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minutes, cooled and filtered. The filtration
results were divided into two parts. The first
filtrate was added with 1% iron (III) chloride
solution drop-wise until a dark blue or blackish
green color formed as a positive indicator of
the tannin group. The second filtrate was
added with Stiasny's reagent and heated in a
water bath. The formation of a pink precipitate
indicated condensed tannins. Next, the pink
precipitate was filtered using filter paper and a
separating funnel, then the filtrate was
saturated with sodium acetate, and a few drops
of 1% FeCl; were added. The dark blue color
indicates the presence of false-positive tannins
(Benzidia et al., 2019; Djamil & Anelia. T,
2009).

Peptide assay. The crude extract was
reacted using Bradford’s reagent. The positive
reaction is signed by the bluish-purple solution
at the end of the reaction (Bradford, 1976;
Bintang, 2010).

Toxicity of LCso. The toxicity was assayed
using the method of brine shrimp lethality test
(BSLT). The shrimp Artemia salina was used
for the assay. The shrimp eggs were put into an
aquarium containing seawater and aerated for
48 hours under light at room temperature.
After 48 hours, the eggs will hatch into nauplii.
A series of solutions of the Sunda porcupine’s
quills crude extract was prepared in a
concentration of 1,500 pp;, 1,000 ppm; 500
ppm; 250 ppm; 125 ppm; 62.5 ppm; 31.25
ppm; and 0 ppm (placebo). Each concentration
was placed on a vial test and was performed
triplo (Jelita et al., 2020; Meyer et al., 1982;
Zuraida, 2018). The assay was conducted by
placing 10 nauplii in each vial of concentration.
After 24 hours, the nauplii which were still
alive were counted and the percentage of
mortality was calculated using the Formula 4.

number of dead nauplii

Mortality (%) = x100 (4)

number of tested nauplii

The percentage of mortality was then analyzed
by probit using SPSS 25. The value of LCso
was then determined.

Results

Organoleptic Characteristics of Simplicia
Powder and Crude Extract.
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The porcupine’s quills were prepared into
small cuts of simplicia, simplicia powder, and
crude extract (Figure 2). Both the simplicia
powder and the crude extract were analyzed
through an organoleptic test and the results are
listed in Table 1. The colors of simplicia

powder and crude extract were totally different.

The color of simplisia powder was gainsboro
gray into light gray while the crude extract was
golden yellow. The characteristics of simplicia
powder were relatively weak (had no taste and
odor), while the characteristics of the crude
extract were strong (had specific odor and
taste). The weak characters of the simplicia
powder occurred because the compounds that
gave the characters did not concentrate, while
the compounds in the crude extract were well
concentrated.

Figure 2. A. Sunda porcupine’s quills; B. small
cuts of simplicia of Sunda porcupine’s quills; C.
simplicia powder of Sunda porcupine’s quills; D.
crude extract of Sunda porcupine’s quills.

The Shrinkage of Simplicia Preparation and
The Yield of Crude Extract.
The Sunda porcupine’s quills were well

prepared as simplicia powder and crude extract.

The parameters we used in this study were the
percentage of weight shrinkage, the water
content of simplicia, and the percentage of
yield extract. The results of these parameters
are shown in Table 2. The weight shrinkage of
the quills was relatively lower than samples
from plant resources. As a consequence, the
yield extract of the quills was also relatively
lower than plant resources. The water content
was less than 10%, indicating that the drying
process has been well performed and the
quality of the simplicia produced was good for
both to be saved and extracted.

Table 1. Results of organoleptic test on simplicia
powder and crude extract of Sunda porcupine’s
quills

Organoleptic  Simplicia Crude Extract
Characters Powder
Color gainsboro gray Golden yellow
into ligh tgray
Odor odorless, bit pungent,
musty, bit dusty  acidic,
unpleasant
smell
Taste tasteless, light salty and bitter
dusty
Texture lightweight, easy sticky, paste
to fly, smooth
bit rough

Table 2. Extraction parameters of Sunda
porcupine’s quills

Parameters Result

Weight shrinkage (%) 12.32 +1.51
The water content of

simplicia (%) 9.1+0.13
Yield extract (%) 3.32%

Screening of Active Compound.

The screening results of active compounds
of the crude extract of Sunda porcupine’s
quills is shown in Table 3. The crude extract of
Sunda porcupine’s quills gave a positive result
for several groups of active compounds,
including alkaloid, flavonoid, saponin, steroid/
triterpenoid, and peptide. The crude extract did
not give a positive result on tannin assay as it
did not form dark blue solution after the
reaction.

Toxicity of LCso.

The toxicity test was performed using the
brine shrimp lethality test (BSLT), which used
Artemia salina as an animal model. The extract
is considered as non-cytotoxic if LCso > 1,000
ppm, low cytotoxicity if LCso between 500 and
1,000 ppm, moderate cytotoxicity if LCso
between 100 and 500 ppm, and high
cytotoxicity if LCso < 100 ppm (Meyer, 1982).
The result is presented in Table 4. The data
showed that the percentage of mortality
increased with the increasing concentration of
the extract. The extract exposured at 500 ppm
and 1,000 ppm has the same mortality
percentage. The extract would exert the same
effect between 500 ppm and 1,000 ppm, may
be due to the concentration of 500 ppm being
the lower limit and 1,000 ppm being the upper
limit, which could give effect 26.67%
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mortality. The crude extract of Sunda
porcupine’s quills is categorized as non-toxic
since the value of LCsg is 2,683.19 ppm, which
is higher than 1,000 ppm.

Table 3. Screening results of active compounds in
the Sunda porcupine’s quills

Group of Type of Observations  Result

Active Assay
Compound
Alkaloid Meyer white +
precipitate
Wagner brown
precipitate
Dragendorf orange
precipitate
Flavonoid Bate Smith & pale- +
Metcalf transparent
orange
Saponin Froth stable foam +
Steroid/
triterpenoid ~ Lieberman-
Burchard/
Keller red  (initial- +
Killiani center)/ green
(late-side)
Tannin Stiasny
FeCls orange -
precipitate
(doesn’t form
dark blue)
Peptide Brad-ford dark blue +

Table 4. The toxicity of LCso

Concentratio Mortalit LC50 Toxic

n (ppm) y (%) (ppm) Categor
Yy
0 0 2,683.1 non-toxic
9
31.25 0
62.50 0
125.00 6.67
250.00 10.00
500.00 26.67
1,000.00 26.67
1,500.00 33.33
Discussion
Simplicia preparation of Sunda

porcupine’s quills is the first procedure
performed before extracting the active
compounds of the quills. The fresh quills must
be cleaned up from any dirt to minimize any
contaminants that might be carried along. The
drying process was performed by using an
oven at temperature 50°C, which aimed to
minimize the risk of damage to the active
compounds. The percentage of shrinkage of
Sunda porcupine’s quills was about 12.32%. It
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was much lower compared to plant resources.
The water content of Sunda porcupine’s quills
was 10% as reported by Inayah et al. (2020),
while the water content of plant resources like
vegetables and fruits is about 8§0-95% (Khan ef
al., 2017). Beside that, Inayah et al. (2020)
reported that the major component of Sunda
porcupine’s quills was protein that reaches
more than 90%, different to other tissue from
bioresources that the major component is water,
fills up the cell and the extracellular
environment.

The organoleptic characters of simplicia
powder were gainsboro gray into light gray in
color, odorless-bit, musty-bit, dusty odor,
tasteless-light, dusty taste, and lightweight-
smooth bit with a rough texture. Meanwhile,
the crude extract characters was golden yellow
in color, had pungent-acidic-unpleasant smell,
salty-bitter taste, and sticky like paste texture.

The structure of the porcupine’s quills was
hard and sharp, so we needed to prepare it into
small pieces before mashing them into powder.
The hardness of the quills may be caused by
the high protein content, which is thought to be
keratin protein (Inayah et al., 2020). The small
cuts of the dry quills were then called simplicia
and then mashed into powder. The simplicia
powder had a water content of about 9.1%, less
than 10%, which indicated that the simplicia is
ready to be extracted or stored since the low
water content of simplicia inhibits microbial
growth.

The extraction was conducted using the
maceration technique with 70% ethanol. The
yield of the crude extract was about 3.32%.
Compared to plant resources, the crude extract
of porcupine’s quills was much lower than that
obtained from plant resources, which is up to
10-30% (Dinata et al., 2015; Rahman et al.,
2017; Wirnawati et al., 2020). It may be
caused by the difference in the major the
components that fill up the tissue matrix since
the Sunda porcupine’s quills are filled with
protein while plant resources are filled up with
water. The protein, which acts as the major
component in the Sunda porcupine’s quills,
cannot be removed from the quills by the
drying process and still contributes to the
weight of the simplicia during the extraction
process. In contrast, water, a major component
in plant resources, can be removed in high
quantities during the drying process.
Consequently, the active compounds inside the
simplicia of plant resources are more
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concentrated than the simplicia of Sunda
porcupine’s quills.

The number of active compounds from
animals found in various sources is predicted
about 50,000-100,000. The group of active
compounds in animals generally functions as
antibiotic (Berdy, 2005). The qualitative test
found that the Sunda porcupine’s quills contain
alkaloids, flavonoids, saponins, triterpenoids,
and peptides. These compounds may affect
human health and interact with various
receptors to induce metabolic effects.

Alkaloids are nitrogen compounds with
unique molecular structures found in nature
(Srivastava & Singh, 2020). The types of
alkaloids include caffeine, morphine, codeine,
reserpine, and so on. One of the functions of
alkaloids, especially in animals, is as a defense
system against pathogens. Therefore, alkaloids
are potential as antibacterial, antioxidant, and
anti-inflammatory (Atanasov et al.,, 2015;
Azam et al., 2003). Based on the results of this
study, the Sunda porcupine’s quills contain
alkaloids that may have the potential as
antibacterial, antioxidant, or anti-inflammatory
properties.

Flavonoids are phenolic compounds known
as natural products. The source of flavonoids
in animals is mainly from plant-based diet, and
a small part is biosynthesized in situ (Kumar &
Pandey, 2013; Yao ef al., 2004). Many studies
found that flavonoid compounds act as an anti-
inflammatory in several disease cases, e.g.,
pulpitis. Flavonoids play a role in suppressing
several cytokine pro-inflammation and
endogenous enzymes that induce an
inflammation response, such as
cyclooxygenase (COX) (Choy et al., 2019;
Maleki et al., 2019). The crude extract of
Sunda porcupine’s quills contains flavonoids
and may be potential as anti-inflammation.

Saponins are organic compounds primarily
found in plants and a small part in animals
(Podolak et al., 2010). Types of saponins
include triterpenoid saponin, steroidal saponin,
and saponin alkaloids in the presence of sugar
bonds (Ashour et al., 2019). One of the
functions of saponins is antibacterial with
various mechanism pathways. This study
showed that Sunda porcupine’s quills contain
saponins that may cause cell lysis in bacteria
by damaging the membrane permeability. Not
only saponins but also steroids/triterpenoids
compounds were found in Sunda porcupine’s
quills. Positive identification of

steroids/triterpenoids was shown by the
formation of red color (initial center) using
Lieberman-Burchard method and green color
(late-side) using the Keller Killian method. In
general, the biological activity of
steroids/triterpenoids as analgesics is relieving
pain due to inflammation (Del Grossi Moura et
al., 2018; Howes, 2018). It is worth further
discovering the function of active compounds
in Sunda porcupine’s quills for treating
toothache with more attractive methods.

Peptides are commonly the primary
metabolites since peptides can be found as
structural or functional components inside
living organisms. Recent studies showed that
peptides can perform as secondary metabolites
since they had antimicrobial activity, hence,
are grouped as antimicrobial peptides (AMPs).
The AMPs are recently known as host defense
peptides that can be found in all forms of life.
The molecules of AMPs are commonly short
and negatively charged. The AMPs may have
the potential to be antimicrobial, antiviral,
antifungal, immunomodulator, and wound
healer (Kumar et al., 2018; Mahlapuu et al.,
2016). The AMPs can be found in the outer
part of vertebrate body in the skin case of the
frog Xenopus laevis containing AMPs of
margainins (Zasloff, 1987). The quills are the
outer part of Sunda porcupine’s body and act
as a defense system. The qualitative result
showed that the crude extract of Sunda
porcupine’s quills was positive for peptides
based on Bradford reaction. The peptides
inside the crude extract may be AMPs;
therefore, may have potential function like
AMPs.

The crude extract of Sunda porcupine’s
quills was categorized as non-toxic since the
value of LCso is more than 1,000 ppm. We
used brine shrimp (Artemia salina Leach)
since they are sensitive to toxic compounds
and are easier to handle than mice (Awaludin
et al., 2020). The result showed that the crude
extract of Sunda porcupine’s quills had a high
LCso value (>1,000 ppm), and low mortality
(<50%) indicated that the extract was non-
toxic. Other studies had different results from
herbs or botanicals with significant toxic
potential and high bioactivity (Charen &
Harbord, 2020). Toxicity is directly
proportional to bioactivity. Therefore, the
crude extract of Sunda porcupine’s quills has
low bioactivity against brine shrimp, but has
not been tested on other types of organisms
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such as bacteria, fungi, or other pathogens.
Further investigation using other animal
models to find out the potential and
characteristics of pharmacology issues of
Sunda porcupine’s quills is needed.

We have shown that the crude extract of
Sunda porcupine’s quills contains active
compounds of alkaloids, flavonoids, saponins,
steroids, triterpenoids, and peptides group.
These results suggest that the extract may have
potential as antibacterial, antiviral, antioxidant,
antifungal, immunomodulator, wound healer,
anti-inflammatory, and analgesics. As reported
by Roze et al. (1990), the quills of New World
porcupines are coated in fatty acids from
exocrine secretions that prevent bacterial
growth and are likely to prevent infection from
self-inflicted wounds. However, the potentials
need deeper investigation through further
research using in vitro, in vivo, and in silico
approaches.
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