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ABSTRACT Dragon blood resin from the fruit barks of Calamus ruber contains a bioactive compound, dracorhodin,
that has many medicinal benefits. The study aimed to investigate the effects of different drying methods on dracorhodin
content, cytotoxicity and antioxidant activities of the resin. Hot-air and hot-steam-air drying at 55°C and 60°C were
employed in this study. Resin dried with the hot-steam-air drying at 55° was most toxic to Artemia salina (LC50 of 430.61
ppm). Resin dried with hot-steam-air drying at 60°C contained the highest dracorhodin content (4.34%) and was the best
at scavenging DPPH• (1,1-diphenyl-2-picrylhydrazyl) (IC50 of 32.73 ppm), cupric ion (TEAC of 63.15 ppm) and ferric
ion (TEAC of 8.73 ppm). Resin from the hot-air-drying at 55°C was the best at scavenging ABTS•+ (2,2’-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid)) (TEAC of 469.72 ppm). Drying method and temperature affected the dracorhodin
content and IC50 of the resin, respectively.
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INTRODUCTION

Dragon blood resin is a red-coloured resin ex-
uded by four plant genera, namely, Daemonorops
spp, Dracaena spp., Croton spp, and Pterocar-
pus spp (Purwanti et al. 2019; Andini et al. 2021;
Sari et al. 2022). Pterocarpus and Croton are plants
endemic to South America. Conversely, the Dra-
caena and Daemonorops grow primarily in Africa
and Southeast Asia (Indonesia, India and Malay-
sia) (Purwanti et al. 2019; Andini et al. 2020b; Andini
et al. 2021). The Daemonorops genus comprises ap-
proximately 115 species. However, only 10 to 15 spe-
cies (or approximately 10%) produce dragon blood
resin (Andini et al. 2020a). One such species is Dae-
monorops rubra, which is used for this research. It

has been renamed Calamus ruber (C. ruber)
according to the comprehensive phylogenetic-
based plant classification report (Baker 2015).

The dragon blood resin obtained from the Ca-
lamus species is known as jernang. Dragon blood
resin has been used as a traditional chest-pain-
relieving medicine and hemostatic agent to allevi-
ate postpartum bleeding, internal trauma and men-
strual irregularities by the local communities (Baja-
Lapis 2009; Andini et al. 2020a). Recent studies
have demonstrated its additional medicinal bene-
fits, including antioxidant, anti-tumour, anti-can-
cer, anti-diarrhoeal, anti-ulcer, anti-microbial and
anti-inflammatory activities (Krishnaraja et al.
2019; Purwanti et al. 2019; Andini et al. 2020a; Park
et al. 2022; Sari et al. 2022). This resin is a highly
valuable medicinal commodity with a selling price
of up to USD 120 per kilogram in its dry powder
form (Andini et al. 2020a).

The various medicinal benefits of this resin orig-
inate from the presence of several active compo-
nents. Among them, dracorhodin is a flavylium chro-
mophore of the anthocyanin family and is used as a
resin identifier and quality determinant. This bio-
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compound exhibits antioxidant, ultraviolet-block-
ing, anti-tumour and wound-healing activities (An-
dini et al. 2020a; Sari et al. 2022; Xiong et al. 2022).

Dracorhodin is a main component in the Shengji
Huayu formula, which is a traditional Chinese med-
icine that has been widely used for decades to
treat diabetic ulcers (Zhang et al. 2023). Further-
more, dracorhodin perchlorate (DP), which is a
chemically synthesised analogue of dracorhodin,
exhibits potential cytotoxic effects and can induce
apoptosis in cancer and tumour cells (Xia et al.
2004; Lu et al. 2019). Additionally, DP is recom-
mended for the adjuvant treatment of diabetic-
wound healing (Liu et al. 2019; Deng et al. 2022;
Xiong et al. 2022) or therapeutic treatment of the
osteoclast-related bone diseases (Liu et al. 2020).

The preparation of dragon blood resin as a
medicinal ingredient includes resin extraction from
the barks of rattan fruits through a soaking pro-
cess in methanol/hot water/other solvents, fol-
lowed by a drying process. Drying reduces the
moisture content (MC) of a biomaterial and inhib-
its the growth of microorganisms in medicinal plants
(Kaur et al. 2019). The air drying of resin in an open
field and under a shade is a common practice adopt-
ed by resin farmers. Air drying is a simple tech-
nique commonly used to prepare any medicinal or
ornamental plant parts (Sayeed and Thakur 2020;
Momin et al. 2022). However, the air drying of resin
is generally time consuming. Additionally, long
exposure in an open field potentially increases the
vulnerability of resin to microbial attacks or caus-
es contamination, which may further affect the
quality and cleanness of resin.

The use of an artificial dryer to dry resin can
potentially address the issues associated with the
air drying of resin, such as long periods and micro-
bial contamination. In this study, hot-air and hot-
steam-air drying are proposed as potential artifi-
cial methods for drying dragon blood resin. The
hot-air-drying process uses the heat originating
from the electrically heated resistive elements in-
side a dryer or oven. It is a commonly used method
for drying herbs and is widely adopted in various
industries due to its rapid heat transfer and stable
temperatures (Thamkaew et al. 2021; Bai et al. 2023).
In contrast, a general hot-steam-air dryer uses hot
steam as its heat source. Hot steam has been pre-
viously employed as a drying medium in the su-
perheated-steam drying of various food products.

This particular drying technology produces de-
cent quality dried products and saves operational-
energy costs owing to short exposures at temper-
ature below 1000C (with vacuum addition) or above
2500C (Patel and Bade 2020; Roslan et al. 2020;
Adewumi et al. 2021; Sobulska et al. 2022).

Thus far, the hot-air or hot-steam-air drying of
dragon blood resin has not been extensively ex-
plored. The impact of these drying methods on the
dracorhodin content or bio-activities, such as cy-
totoxicity and antioxidant activity/capacity, of the
resin has also not been reported. A drying process
should be carefully conducted because it could
affect the quality and essential biological activi-
ties of medicinal plants, such as antioxidant prop-
erties (Kaur et al. 2019; Zhang et al. 2019). Addi-
tionally, heat application can potentially deterio-
rate dracorhodin, which is a flavonoid compound.
Therefore, the determination of an appropriate dry-
ing condition for dragon blood resin is essential to
minimise the risk of its quality deterioration.

Objectives

This study aimed to investigate the effects of
hot-air and hot-steam-air drying on the dracorhod-
in content, cytotoxicity and antioxidant activity/
capacity of dragon blood resin.

METHODOLOGY

Material

Primary materials used in this study were C.
ruber rattan fruits (locally known as javanese jer-
nang) purchased from a resin entrepreneur in Suka-
harja subdistrict, Ciamis regency, West Java prov-
ince, Indonesia. Other materials used were Artemia
salina (A. salina) shrimp larvae, methanol, 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH), 2,2¹-azino-bis (3-eth-
ylbenzothiazoline-6-sulfonic acid) (ABTS), 6-hy-
droxy-2,5,7,8-tetrametylchroman-2-carboxylic acid
(Trolox), CuCl solution, NH 4 Ac buffer pH 7, neok-
uproin and ferric reducing antioxidant power (FRAP)
reagent.

Resin Extraction and Drying Experiments

Resin was immediately extracted from the bark
of the rattan fruit to avoid fruit spoilage. First, 1 kg
of the rattan fruit was soaked in 1000 mL of metha-
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nol for 2 hours. The dissolved resin and water
were transferred into small containers and left for 1
week to obtain resin deposits at the container base.
Approximately 0.01 kg of wet resin was obtained
from 1 kg of the rattan fruit. All resin deposits were
packed in vacuum-sealed plastic bags and stored
in a refrigerator to maintain their freshness.

The hot-air-drying experiment was performed
in a laboratory oven (Memmert). The hot-steam-
air dryer consisted of a drying chamber equipped
with an exhaust fan on the chamber top, water bath
under the chamber connected by pipes to the cham-
ber, storage tank beside the chamber to distribute
water into the water bath and gas burner under the
water bath to aid the water-boiling process (Fig. 1).
The hot-steam air produced via the water-boiling
process occurring in the water bath was distributed
into the chamber through the connecting pipes.

Two drying temperatures, 55°C and 60°C, were
employed in each drying method. Generally, the
maximum temperature applied for drying herbs is
60°C (Thamkaew et al. 2021). Under each drying
condition, three samples with an initial weight of
0.1 kg were tested. Approximately 0.02 kg from the

initial sample of 0.1 kg wet resin was used for the
initial MC estimation using the gravimetric meth-
od. The initial MC of all the resin samples was in
the range of 66.55 percent to 82.26 percent.

The remaining amount, that was, 0.98 kg, of each
resin sample was spread evenly in a 200 mm × 200
mm square pan, forming an average thickness of 1
mm. Each resin sample was dried until it had a dry
surface, non-sticky characteristic and frangible tex-
ture with an average MC of 16 percent. Based on
preliminary research conducted at the laboratory,
this MC range was generally achieved when the
weight of the resin samples was reduced by ap-
proximately 36 to 40 percent of their initial weight.
The final MC in the resin samples was estimated via
the gravimetric method at the end of the drying pro-
cess as 10.80 percent to 17.36 percent. Additionally,
the MC of the dry resins was confirmed through an
Aufhauser procedure, yielding values of 8.40 per-
cent to 10.15 percent. The recorded drying-time rang-
es were 250 to 370 and 235 to 375 minutes for hot-air
and hot-steam-air drying, respectively. All the dried
resins were packed in airlock pouches and stored in
a closed wooden cabinet inside a room.

Fig. 1. The structure diagram of the hot-steam air dryer used for the research

1. Drying chamber
2 . Exhaust fan
3. Waterbath (“connected by hidden pipes to

drying chamber”)
4 . Gas burner
5 . Water tank
6. Connecting pipe from tank to waterbath
7. Drying shekves
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Dracorhodin Content Test

The dracorhodin content was determined ac-
cording to the standardised HPLC protocol for this
biocompound (Waluyo et al. 2018). Dracorhodin
samples were prepared by dissolving 0.4 g of drag-
on blood resin with 5 mL of 3 percent phosphoric
acid solution in methanol. The mixture was weighed
(A gram), refluxed for 30 minutes, cooled, and re-
weighed. Subsequently, 3 percent more phospho-
ric acid was added until the weight of the mixture
reached A g. The mixture was homogenised and
centrifuged at 10,000 rpm for 10 minutes. A 0.45 m
filter membrane, with a 13 mm diameter, was used
to remove liquid from the mixture. The mobile
phase, acetonitrile (sodium dihydrogen phosphate
0.05 mol/L (40:60)), was prepared by dissolving
0.4167 g of sodium dihydrogen phosphate with
distilled water until reaching 1000 mL solution. The
solution was stirred until homogeneous. The pri-
mary standard solution was prepared by dissolv-
ing 5 mg of dracorhodin standard with methanol
up to the boundary mark of the 50-mL flask. Subse-
quently, the mixture was homogenised. The work-
ing standard solutions were prepared by dissolv-
ing 2, 5, 10 and 15 mL of the primary standard solu-
tion with methanol. The HPLC parameters em-
ployed included a Zorbax SB C18 column, a mobile
phase comprising acetonitrile: sodium dihydrogen
phosphate 0.05 percent, a flow rate of 1.0 mL/min, a
wavelength of 440 nm, a temperature of 35°C, and
an injection volume of 20 L. The dracorhodin con-
tent was determined as follows:

Cytotoxicity Assay

The cytotoxicity of the obtained resins was
determined by the brine shrimp lethal test (BSLT)
protocol with modifications in the sample prepara-
tion (Lestari et al. 2015; Rahmadi et al. 2021). The
protocol comprised of the hatching of 0.01 g of A.
salina shrimp larvae in a hatching vessel filled with
250 mL of marine water, preparation of the resin
sample by diluting 0.02 g of the resin in 10 mL
marine water, followed by solution homogenisa-
tion to obtain 2000 ppm sample stocks, and the
conduction of the bioassay test using several res-
in and marine-water compositions in 1 mL solution

(1:0, 0.5:0.5, 0.1:0.9 and 0.01:0.99) and by mixing
each composition with another 1 mL of marine water
containing approximately 10 shrimp larvae. Each
mixture was exposed to light irradiation for 24 hours
and subsequently left for 24 hours. Three (3) repe-
titions were used for each mixture. Afterwards, the
numbers of alive and dead larvae were counted
and used to determine the level of toxicity, LC50,
which is defined as the substance concentration
that causes the death of half of the initial number
of shrimp larvae (or approximately 50%).

Antioxidant Activity/Capacity Assays

The 2,2-diphenyl-1-picrylhydrazyl (DPPH)
Radical Scavenging Assay

During this assay, the anti-oxidant donates
hydrogen to reduce DPPH radicals and convert
them to DPPH-H. The assay was conducted fol-
lowing the method proposed by Sobottka et al.
(2021). For this assay, a 2 × 10–4 M DPPH solution
was first prepared as the reference absorbent. The
resin was dissolved in methanol to obtain different
series of resin solutions with the addition of the
DPPH solution. Each solution was stirred until all
ingredients were mixed and then further condi-
tioned for 30 minutes. Afterwards, the absorption
of each solution was determined using a spectro-
photometer at 517 nm. The results were expressed
with IC50 (in ppm), which is defined as the sub-
stance concentration required to scavenge half of
initial DPPH radicals (or approximately 50%).

The ABTS/TEAC ((2,2’-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid)/
Trolox Equivalent Antioxidant Capacity)
Radical Scavenging Assay

The ABTS reagent was prepared according to
the method proposed by Nurcholis et al. (2022)
with modifications such that 20 µL of the resin was
mixed with 180 µL of the ABTS reagent on a 96-well
clear polystyrene microplate. The mixture was in-
cubated for 6 minutes. The absorbance of the so-
lution was determined using a microplate nano
spectrophotometer at 734 nm. The results were ex-
pressed with productivity in µg Trolox equivalent
per g sample (ppm TE/g sample).

dracorodin (%) =                            x A x 100/mg sample
(sample area-intercept)

slope
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The Cupric Ion-reducing Antioxidant Capacity
(CUPRAC) Assay

This assay was conducted following the meth-
od proposed by Nurcholis et al. (2022). Briefly, 50
µL of the resin was added to a mixture of 50 µL of
10–2 M CuCl2 solution, 50 µL of NH 4 Ac buffer pH
7 and 50 µL of 7.5 × 10–3 M neokuproin on a micro-
plate. The mixture was incubated at room tempera-
ture in a dark room for 30 minutes. Afterwards, the
absorbance was measured at 450 nm using a micro-
plate spectrophotometer. The results were expressed
with productivity in ppm for TE/g sample.

The Ferric Ion-reducing Antioxidant Power
(FRAP) Assay

The FRAP assay was conducted according to
the procedure proposed by Benzie and Devaki
(2018) with modifications such that samples (10
µL) were placed on a 96-well clear polystyrene mi-
croplate, mixed with 145 µL FRAP and exposed to
subsequent incubation for 4 minutes in the dark
room. The sample absorbance was determined us-
ing a spectrophotometer at 593 nm. The results
were expressed with productivity in ppm for the
TE/g sample.

Supporting Data: Gas Chromatography Mass
Spectrometry (GCMS): Chemical Composition
Analysis

The GCMS test was performed under standard
operating conditions to obtain additional informa-
tion on other constituents present in the obtained
dragon blood resin.

Data Collection and Analysis

The main parameters analysed were the dra-
corhodin content (in percentage), cytotoxicity (LC50
in ppm), antioxidant activity against the DPPH• rad-
ical (IC50 in ppm) and Trolox-equivalent antioxi-
dant capacity against the ABTS•+ radical, cupric
ion and ferric ion (TEAC in ppm). All data were
tabulated, and the average values and standard
deviation were calculated. A two-way analysis of
variance, using the Minitab 16 version, was em-
ployed to investigate the effects of the drying meth-
ods and temperature on the dracorhodin content,
cytotoxicity and antioxidant activity/capacity. The
significantly different groups were determined us-

ing the Tukey test. Furthermore, the correlation
between the dracorhodin content and cytotoxicity
or antioxidant activity/capacity was also investi-
gated. The GCMS-chemical composition results
were used as supporting data.

RESULTS

Table 1 lists the dracorhodin content, cytotox-
icity and antioxidant activity/capacity of the C.
ruber resin previously exposed to hot-air and hot-
steam-air drying. The dracorhodin content in the
hot-steam-air-dried dragon blood resin (4.10%-
4.34%) was higher than that in the hot-air-dried
resin (3.84%-3.99%). Among the analysed resin sam-
ples, the resin from hot-steam-air drying at 60°C
possessed the highest dracorhodin content (4.34%).

Furthermore, the dried dragon blood resin ex-
hibited toxicity towards A. salina. The cytotoxici-
ty (LC50) ranges of the hot-steam-air-dried and hot-
air-dried resins were 430.61-449.47 ppm and 432.48-
469.72 ppm, respectively. The resin from the hot-
steam-air drying at 550C exhibited the highest toxicity
due to its lowest LC50 value (430.61 ppm).

All the dried resins showed good scavenging
activity against DPPH•, with the IC50 value ranges
of 32.73-34.19 and 33.18-36.15 ppm for the hot-
steam-air-dried and hot-air-dried resins, respective-
ly. Among the prepared resins, the resin from the
hot-steam-air drying at 600C exhibited the highest
scavenging activity against DPPH• due to its low-
est IC50 value (32.73 ppm). For the hot-steam-air-
dried resins, the TEAC ranges against the ABTS•+

radical, cupric ion and ferric ion were 80.40-84.78,
62.46-63.15 and 7.95-8.73 ppm, respectively. The
TEAC value ranges determined for the hot-air-dried
resin against the ABTS•+ radical, cupric ion and
ferric ion were 83.95-86.60, 60.26-62.61 and 7.70-
7.92 ppm, respectively. The resin obtained from
the hot-steam-air drying at 600C exhibited the high-
est scavenging activity against cupric and ferric
ions due to their highest TEAC values (63.15 and
8.73 ppm for cupric and ferric ions, respectively).
In contrast, the resin from the hot-air drying at 550C
exhibited the highest scavenging activity against
the ABTS•+radical due to its highest TEAC value
(86.60 ppm).

The hot-steam-air-dried resin tended to pre-
serve more amounts of dracorhodin and showed
higher scavenging activities against DPPH• and
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ferric ions than the hot-air-dried resin. As the dry-
ing temperature increased, the resin dried using
hot-steam air at 60°C showed an improved dracor-
hodin content (4.34%), cytotoxicity (LC50 = 449.47
± 121.25 ppm) and scavenging activity against the
DPPH• radical (IC50 value of 32.73 ± 0.80 ppm), cu-
pric ion (TEAC value of 63.15 ± 1.72 ppm) and
ferric ion (TEAC value of 8.73 ± 1.08 ppm). In con-
trast, the resin from the hot-air drying only showed
an increase in cytotoxicity (LC50 = 469.72 ± 145.03
ppm) and scavenging activity against the DPPH•

radical (IC50 value of 33.18 ± 0.74 ppm) when the
drying temperature was increased to 60°C.

Further statistical analysis results listed in Ta-
ble 1 confirmed that the drying method had a sig-
nificant effect on the dracorhodin content, where-
as the drying temperature significantly affected
the scavenging activity of the resin against the
DPPH• radical. Both factors or their interactions
did not significantly affect the cytotoxicity or anti-
oxidant activity of the resin against the ABTS•+

radical, cupric ion and ferric ion. Correlation tests
between the dracorhodin content and LC50 or IC50/
TEAC values of the resins yielded low to moder-
ate Pearson coefficient scores (less than 0.5–1).
Furthermore, the correlation test results with p-
values greater than 0.05 indicated small to medium
degrees of correlation between the dracorhodin
content and cytotoxicity or antioxidant activity/
capacity of the resin (Table 2).

DISCUSSION

Dracorhodin Content

The dracorhodin content in dragon blood res-
in is a key property that determines its commercial
utilisation. The required minimum value of the dra-
corhodin content is 1 percent (Lu et al. 2021). All
the dried resins obtained from C. ruber contained
greater than 1 percent of dracorhodin and there-
fore met the minimum standard requirement for
commercialisation. This result suggests that all the
drying conditions reported in this paper can be ap-
plied to prepare dragon blood resin as a medicinal
material.

Notably, the hot-steam-air-dried resin pos-
sessed a higher dracorhodin content than the hot-
air-dried resin. Among the prepared resins, the res-
in from hot-steam-air drying at 60°C possessed the
highest dracorhodin content (4.34%). As the tem-Ta
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perature increased, the dracorhodin content in the
hot-steam-air-dried resin tended to increase but
not necessarily in the hot-air-dried resin. Further-
more, the dracorhodin content in the hot-steam-
air-dried resin was higher than those obtained in
previous studies where the resins were dried via
solar drying or intermittent drying processes
(Pasaribu et al. 2021; Yuniarti et al. 2022). More-
over, statistical analysis results showed that the
dracorhodin content was significantly affected only
by the drying method, particularly at the drying
temperature of 60°C (Table 1).

 The sensitivity of dracorhodin to the drying
process is due to the heat-sensitive characteris-
tics of flavonoid, which is its main constituent.
Flavonoid generally has a low thermal stability and
therefore, is vulnerable to changes under the con-
ditions of various thermal processing factors (heat-
ing methods, temperature and duration) (Gao et al.
2022). During hot-air drying, a loss of bio-active
compounds may occur (Thamkaew et al. 2021).
However, a higher flavonoid content may be re-
tained after drying using hot steam as the heat
source than that after conventional convection
heating (oven drying) as reported for the cases of
tea leaves, black cumin seeds and cocoa beans (Zza-
man et al. 2013; Liang et al. 2018; Roslan et al. 2020).

Cytotoxicity

The BSLT is a rapid, reliable, affordable and
effective bio-assay tool to assess the cytotoxicity
effects of plant extracts. Due to a significant corre-
lation between the BSLT results with the inhibition
of tumour cell growth in human assay is often used
as a preliminary screening method for substances/
plant extracts with anti-tumour and anti-cancer ac-
tivity (Tanvir et al. 2018). According to Meyer’s
toxicity index, a plant extract is categorised as toxic
when its LC50 value is less than 1000 µg/mL (ppm)
. Additionally, Clarkson’s toxicity index classifies
plant extracts into four categories, that is, non-
toxic when their LC50 is >1000 ppm, low toxic when

their LC50 is 500-1000 ppm, moderate toxic when
their LC50 is 100-500 ppm, and very toxic when their
LC50 is 0-100 ppm (Rahmadi et al. 2021).

The LC50 values of the hot-steam-air-dried and
hot-air-dried resins prepared in this study were less
than 500 ppm. Therefore, based on Meyer’s and
Clarkson’s indexation, the obtained resins are clas-
sified as toxic/moderate toxic. Accordingly, the dried
resins have considerable potential for further devel-
opment as anti-cancer or anti-tumour agents.

As previously reported in this study, small sig-
nificant differences are observed in the LC50 val-
ues of the hot-steam-air-dried and hot-air-dried res-
ins. Therefore, all the drying conditions reported
in this paper can be employed for the preparation
of resins as cytotoxic agents. Furthermore, due to
a low degree of correlation between the cytotoxic-
ity and dracorhodin content of the resin, the cyto-
toxicity effects of the dragon blood resin derived
from C. ruber is assumed to be due to contributions
from other bio-compounds. A previous report
suggested that the high lethality of zebrafish embryos
after being fed with dragon blood resin was due to other
constituent compounds, apart from dracorhodin, in
the resin (Krishnaraja et al. 2019).

GCMS screening results (Table 3) revealed sev-
eral other bio-compounds with potential capacity
as antitumour/anticancer agents, namely, coumarin
and 3,5,7-trihydroxy and (Z,Z)-9,12-octadecadieno-
ic acid (CAS) linoleic acid. Several studies have
demonstrated the potential of coumarin or its deriv-
atives and linoleic acid as antitumour/anticancer
agents (Bhattarai et al. 2021; Wu et al. 2020). The
concentration of each compound was different un-
der different drying conditions, indicating the influ-
ence of drying factors on each bio-compound.

Antioxidant Activity/Capacity

Four different assays, namely, DPPH•, FRAP,
CUPRAC and ABTS assays, were selected to repre-
sent two general antioxidant activity mechanisms
of a substance, that is, hydrogen atom transfer

Table 2: Correlation between the dracorhodin content and cytotoxicity or antioxidant activity/capacity of
Calamus ruber dragon blood resin

    Cytotoxicity DPPH TEAC/ TEAC/ TEAC/
(LC50)  (IC50) ABTS CUPRAC FRAP

Dracorhodin Pearson -0.040 0.002 0.403 -0.110 -0.222
p value 0.910 0.995 0.193 0.733 0.488
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(HAT) and single electron transfer (SET) reac-
tions. The ABTS assay represents the HAT or
mixed SET/HAT mechanism. DPPH•, FRAP and
CUPRAC assays represent the SET mechanism
(Sun et al. 2018; Avanti et al. 2021).

The antioxidant assay involving the DPPH
method is a standard method. The DPPH• free rad-
ical shows a purple colour that turns into a yellow
colour when the radical is reduced into a non-rad-
ical (diphenyl picrylhydrazyl) compound by an
antioxidant agent. The antioxidant capacity of an
agent against the DPPH• free radical is expressed
using the parameter IC50. A small IC50 value indicates
a strong antioxidant agent (Avanti et al. 2021).

The IC50 values of all the dried resins of C.
ruber determined via the DPPH assay were less
than 50 ppm, indicating the high antioxidant ca-
pacity of the resins. The IC50 values of the resins
were lower than those of the same type of resin
obtained from Daemonorops longipes Mart., Dae-
monorops draco BL. and Daemonorops mel-
anochaetes BL. The IC50 values of the resins ob-
tained from the three aforementioned Daemono-
rops species were in the range of 50-100 ppm (Pur-
wanti et al. 2019; Waluyo and Pasaribu 2013). These
results indicate that the C. ruber dried resin has
potential for application as an antioxidant agent
and scavenges DPPH• free radicals better than the
same type of resin obtained from the three afore-
mentioned Daemonorops species.

The antioxidant activity of the resin against
ABTS, CUPRAC and FRAP is expressed in terms
of TEAC. The TEAC assay measures the relative
ability of a substance to scavenge and reduce
ABTS•+ free radicals and metal oxidants, cupric and
ferric ions, compared with that of Trolox, which is
the synthetic form of water-soluble vitamin E (Dorta
et al. 2018; Sun et al. 2018; Frangu et al. 2020). The
TEAC assay results (Table 1) indicate that the scav-
enging ability of the dried dragon blood resin ob-
tained from C. ruber against ABTS•+ free radicals is
higher than that against ferric and cupric ions.

The hot-steam-air-dried resin tended to have
better scavenging activity against DPPH• radicals
and ferric ions than the hot-air-dried resin. The su-
periority of hot-steam air as a drying medium over
hot air in increasing the antioxidant activity against
DPPH• and ferric ions have also been reported in
the cases of tea leaves and cocoa beans. For both
cases, the drying processes were performed in a
superheated-steam dryer for a short period at tem-
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peratures above 100°C (Roslan et al. 2020; Zzaman
and Sifat 2023).

Increasing the drying temperature by 5°C from
55°C improved the scavenging activity towards
DPPH• radicals but decreased the antioxidant ac-
tivity against ABTS•+ radicals for both the hot-air-
dried and hot-steam-air-dried resins. An increase
in scavenging activity against cupric and ferric
ions with increasing temperature was only observed
for the hot-steam-air-dried resin. The significant ef-
fect of the drying temperature on the antioxidant
activity of the resin was confirmed only against
DPPH• radicals. This result suggests that drying at
60°C can potentially be employed for the prepara-
tion of resins as antioxidant agents, particularly for
reducing the DPPH• free radicals.

The impact of the drying temperature on anti-
oxidant activity will vary depending on the materi-
al being dried and the antioxidant assay being per-
formed. Several studies have demonstrated a re-
duction in the antioxidant activity of plum (Prunus
divaricata L.), mahaleb (Prunus mahaleb L.),
mortiño fruit (Vaccinium meridionale Swartz), kin-
now mandarin, eureka lemon, maltodextrin, white
quinoa, wild guava leaves and Vernonia amygdali-
na leaves with increasing drying temperature (Har-
tiati and Mulyani 2015; López-vidaña et al. 2017;
Juhaimi et al. 2018; Alara et al. 2019; Ghafoor et al.
2019; Z³otek et al. 2019). However, other studies
have also demonstrated an inevitable increase in
the antioxidant activity of oven-dried tomato pow-
der, xuan-mugua fruit and red quinoa with an in-
crease in the drying temperature (Kim and Chin 2016;
Zlotek et al. 2019; Chen et al. 2022).

The differences observed in the antioxidant
activity as a response to variations in the drying
temperatures are assumed to be due to the differenc-
es in the chemical composition of these biomaterials.
Furthermore, the correlation tests conducted in this
study revealed a relatively low degree of correlation
between the dracorhodin content and antioxidant
activity/capacity of the dragon blood resin derived
from C. ruber. This result indicates that the antioxi-
dant activity/capacity of the C. ruber dragon blood
resin is governed not only by dracorhodin but also
possibly by other constituents.

Furthermore, GCMS screening results (Table
3) revealed several other constituents with poten-
tial capacity to act as antioxidant agents, namely,
hexadecanoic acid (CAS, palmitic acid), hexade-
canoic acid, methyl ester (CAS, methyl palmitate)

and (Z,Z)-9,12-octadecadienoic acid (CAS, linole-
ic acid). The variations in the concentration of these
constituents under each drying condition indi-
cated the effects of drying factors on these com-
pounds. The potential antioxidant activities of
the aforementioned constituents have been re-
ported in several previous papers (Pinto et al.
2017; Abdel-Hady et al. 2018; Hidajati et al. 2018;
Fecker et al. 2022).

CONCLUSION

The hot-steam-air dried resin from 60°C con-
tained the highest dracorhodin content (4.34%)
and exhibited the best scavenging activity against
DPPH• radical (IC50 value of 32.73 ppm), cupric ion
(TEAC value of 63.15 ppm), and ferric ion (TEAC
value of 8.73). The hot-steam-air-dried resin from
55°C exhibited the best cytotoxicity properties due
to its lowest LC50 (430.61 ppm). The hot-air-dried
resin from 55°C demonstrated the highest scav-
enging activity against ABTS radical. Notably, the
drying methods significantly affected the resin’s
dracorhodin content, whereas the drying tempera-
tures affected the resin’ IC50 values. The as-ob-
tained dried resins exhibit the potential for further
development as an antioxidant, antitumor and
anticancer agents.

RECOMMENDATIONS

Based on the obtained results, resin farmers
are encouraged to adopt artificial drying tech-
niques, such as oven and/or hot-steam-air drying,
for processing wet resin. The use of a hot-steam-
air dryer is recommended because it provides more
advantages than an oven/hot-air dryer, such as the
maintenance of the dracorhodin content in resin and
improvement of the cytotoxicity and antioxidant
properties of resin.
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