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It is well-known that propolis shows potential as an antioxidant. A common method to
extract propolis is organic solvent extraction which has drawbacks such as long extraction
times and solvent residues. To overcome this, the SC-CO, extraction method was applied
in this work. The milled raw propolis was fed into a vessel. The extraction consists of two
stages, static (60 min) and dynamic (240 min). During the extraction, the process variables
(temperature, pressure and CO, flow rate) were set to constant. When the extraction time
was completed, the liquid product was prepared for analysis using HPLC. This work pro-
vides the amount of propolis wax was 7.02 wt% and the highest yield of propolis extract was
14.4 wt%. The effect of the variables on the yield was experimentally investigated and mod-
eled using response surface method approach. The extract containing bioactive compounds

extraction such as galangin and CAPE was proved to have 24.77 pg/mL of ICso which is closer to ICsq of
Antioxidant ascorbic acid.

© 2019 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
1. Introduction which contains a large amount of p-coumaric acid and its

derivatives. The second group is the European propolis type

Propolis is well known in traditional medicine of many coun-
tries (Popova et al., 2010). Krell (1996) reported that the
composition of propolis is structured by resins (45-55%), waxes
and fatty acids (25-35%), essential oils (5%), pollen (5%), and
other organics and minerals (5%). More than 200 chemical
compounds have been found in propolis such as flavonoids,
terpenoids, aromatic acids, fatty acids, esters, phenols, alde-
hydes and ketones (Graikou et al., 2016; Piccinelli et al., 2013).
According to its constituents, the propolis can be categorized
into two groups. The first group is of Brazilian propolis type

* Corresponding author.
E-mail address: fachri.teknik@unej.ac.id (B.A. Fachri).
https://doi.org/10.1016/j.cherd.2019.11.014

which is rich in flavonoids (Kumazawa et al., 2002, 2004).
Even the composition of propolis varies according to geo-
graphic region, the constituents such as p-coumaric acid,
galangin, chrysin, caffeic acid, cinnamic acid, ferulic acid,
and caffeic acid phenyl ester (CAPE) are found as major
extractable constituents in propolis. Due to its content, propo-
lis provides the role of antibacterial, antibiotic, antiviral,
anti-inflammatory and even antioxidant compounds (Popova
et al,, 2010; Graikou et al., 2016; Al-Ghamdi et al., 2017).
Commonly, in Europe, propolis is collected from honeybee
species named Apis sp. On the contrary, Asian Apis does not
produce propolis. In the meantime, a stingless bee species
called Trigona sp. produces more propolis and less honey

0263-8762/© 2019 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
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(Fatoni et al., 2008). In Indonesia, Trigona sp. is found in several
islands such as Java, Kalimantan, Sulawesi, Bali and Lombok
(Hasan et al., 2014; Rasmussen and Cameron, 2010). Fatoni
et al. (2008) and Hasan et al. (2014) found a high-level con-
centration of flavonoid in Indonesian propolis from Trigona
sp. Further, the chemical composition of Indonesian propolis
from Trigona sp. is yet to be reported.

Propolis cannot be directly consumed as a crude mate-
rial. It must be extracted with suitable solvents, to separate
the unwanted material such as wax, protecting the bioactive
compounds. The common extraction method is conven-
tional solvent extraction using an organic solvent. The most
commonly used solvent is ethanol, though organic solvents
(including propylene glycol, methanol, ethyl acetate, chloro-
form, and n-hexane, water and olive oil) have been explored
as well.

Cunha et al. (2004) performed the extraction of six sam-
ples of green propolis from the Southeastern region of Brazil
using maceration and Soxhlet method in ethanol. The results
showed the Soxhlet method obtained a higher yield of propolis
extracts (57.65wt%) than maceration (40.43 wt%). The high-
est phenolic content was 13.34 wt%. Some compounds such
as caffeic acid, ferulic acid, p-coumaric acid, and cinnamic
acid derivatives were recognized in the extract. de Funari et al.
(2007) also performed the Soxhlet extraction of propolis from
the Southeastern of Brazil using ethanol and methanol. This
work gave 53.73 wt% methanolic extract propolis (MEP) which
was higher than 38.34wt% ethanolic extract propolis (EEP).
The methanolic extract found 7.39 wt% of the phenolic con-
tent and 2.64 wt% of the flavonoid content. Both MEP and EEP
consisted of artepillin C (DHCA), p-coumaric acid, cinnamic
acid, chlorogenic acid, caffeic acid, kaempferol, kaempferide,
and isosakuranetin. The water was also employed by Chen
et al. (2007) to extract flavonoids and phenolic acids from
Brazillian propolis using hot-pressurized fluid extraction in
presence of 29% natural surfactant. The water-soluble extract
contained naringenin, quercetin, kaempferol, pinocembrin,
galangin, chrysin, acacetin, CAPE, caffeic acid, ferulic acid,
p-coumaric acid, and trans-cinnamic acid. Pujirahayu et al.
(2014) used the maceration method with ethanol, VCO, olive
oil and propylene glycol as solvents to extract Indonesian
propolis from Southeastern Sulawesi. Even the extract compo-
sition was not mentioned, the extract was reported containing
flavonoids and phenolic acids. The highest yield was 18.33 wt%
in ethanol extraction. The VCO, olive oil and propylene glycol
gave a yield of 14.22 wt%, 14.06 wt%, and 15.88 wt%. Additional
reports on solvent extraction of propolis are briefly given in
Table 1.

In fact, the solvent extraction method has major drawbacks
such as time-consuming and solvent residues in the extract.
Specifically, the ethanolic extract of propolis (EEP) contains sig-
nificant amounts of wax which are an inedible and allergenic
matter (You et al., 2002).

To overcome the weaknesses of solvent extraction, super-
critical CO, (SC-CO;y) extraction is proposed. It is well-known
that SC-CO;, extraction is an attractive and powerful method.
The solvent is easily and quickly separated from the product
(del Valle, 2015; Machado et al., 2015; Reverchon and De Marco,
2006; Subroto et al., 2017). The extraction of propolis by SC-CO,
is a promising alternative technique to achieve high-quality
extracts (De Melo et al., 2014; Knez et al., 2014; del Valle, 2015;
Duba and Fiori, 2015).

Some research focusing on SC-CO, extraction of propo-
lis has been published. Biscaia and Ferreira (2009) reported
a 12% yield of solubilized propolis was achieved during one
step stage extraction. The yield decreased to 8.9% when
two-step stages extraction was performed. De Zordi et al.
(2014) performed the SC-CO; to extract polyphenols from
Italian propolis and to study the effect of extraction vari-
ables on yield. The chemical composition of the extract was
also observed. Some compounds such as apigenin, CAPE,
caffeic acid derivatives, chrysin, galangin, p-coumaric acid
derivatives, pinobanksin, pinobanksin derivatives, pinocem-
brin, quercetin and quercetin derivatives were identified in
extract composition. At optimum conditions of 317 bar, 40°C
and 4 h, the extraction yield was 2.5 wt% higher than the yield
of 55.8 wt% achieved at 130bar. The other SC-CO, extraction
of propolis from Brazilian green propolis was published by
Machado et al. (2015). This work stated that 2.972% of the
accumulated extract contained 79.67% total phenol.

A different feedstock, ethanol extracted propolis, was
used by Paviani et al. (2010a,b) to achieve 39.5wt%. In the
interim, a different type of propolis, a poplar-type, was
also used to extract some bioactive compounds such as
p-coumaric acid, pinobanksin, chrysin, pinocembrin, pinos-
trobin, and galangin. The highest yield of 10.28wt% was
produced at optimum condition (T=60°C, P=300bar). This
condition also provided the highest amount of p-coumaric
acid (1.52pg/mg), pinobanksin (1.55pg/mg), pinocembrin
(47.24 pg/mg), and galangin (10.25 pg/mg). The highest yield
of chrysin (2.03 pg/mg) and pinostrobin (79.56 pg/mg) was
achieved in different condition (P =337 bar, T=50°C)(Kus et al.,
2018).

More studies on supercritical carbon dioxide extraction of
propolis are presented in Table 2.

Further, supercritical extraction of propolis from Indone-
sian Trigona sp. has never been published. This work
reports supercritical extraction of propolis studying on design
approach, characterization and antioxidant activity.

2. Materials and methods
2.1. Materials

Raw propolis from Trigona sp. was obtained and used
directly from Balai Penelitian Teknologi Hasil Hutan Bukan
Kayu (Research Institute for Non-Timber Forest Products),
Mataram, Lombok, Indonesia. Raw propolis was collected
in the period of April-September of 2017-2018. Food-grade
liquid carbon dioxide (purity 99.99%) was supplied in a
cylinder tube by PT Inter Gas Mandiri (Cikarang, Indonesia).
Methanol (purity > 99.9%), ethanol (purity > 99.5%), acetic acid
(purity > 99.7%), ascorbic acid (purity > 99%), and DPPH solu-
tion were purchased from Sigma-Aldrich Singapore. Myricetin
(purity > 96%), pinobanksin (purity>95%), kaempferol
(purity > 90%), and chrysin (purity>99.0%), were bought
from Sigma-Aldrich Singapore. Quercetin (purity > 95%), fer-
ulic acid (European Pharmacopoeia (EP) Reference Standard)
and caffeic acid phenyl ester (purity > 98%) were purchased
from Sigma-Aldrich Belgium. Galangin (analytical standard)
was purchased from Supelco Sigma-Aldrich Belgium. Caffeic
acid (purity > 98%), p-coumaric acid (purity > 95%), and cin-
namic acid (purity > 99%) were bought from Acros Organics
Belgium.
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Table 1 - Propolis extraction using solvent extraction.

Wpropolis, & Solvent Method Condition Extracted compounds Yield, wt% Ref.
20 Ethanol absolute Soxhlet T=60°C,t=24h Caffeic acid, ferulic acid, p-coumaric acid, 57.65 Cunha et al. (2004)
400 mL cinnamic acid derivatives
20 Ethanol absolute Maceration T=not available Caffeic acid, ferulic acid, p-coumaric acid, 40.43 Cunha et al. (2004)
100 mL (n/a), t=480h cinnamic acid derivatives
90 Ethanol 190 mL Maceration T=n/a, t=2160h Artepillin C (DHCA), p-coumaric acid, 38.34 de Funari et al. (2007)
cinnamic acid, chlorogenic acid, caffeic
acid, kaempferol, kaempferide,
isosakuranetin
10 Methanol 150 mL Soxhlet t=8h Artepillin C, p-coumaric acid, cinnamic 53.73 de Funari et al. (2007)
acid, chlorogenic acid, caffeic acid,
kaempferol, kaempferide, isosakuranetin
100 H,0 Hot-pressurized T=HR0°C, Naringenin, quercetin, kaempferol, 35.32mg/mL Chen et al. (2007)
P=45Dbar, pinocembrin, galangin, chrysin, acacetin,
CAPE, caffeic acid, ferulic acid,
p-coumaric acid, trans-cinnamic acid.
25 Ethanol 70% Solvent T=40°C,t=168h Flavonoid, phenolic acid 18.33 Pujirahayu et al. (2014)
25 Olive oil Solvent T=40°C, t=168h Flavonoid, phenolic acid 14.06 Pujirahayu et al. (2014)
25 VCO Solvent T=40°C, t=168h Flavonoid, phenolic acid 14.22 Pujirahayu et al. (2014)
25 Propylene glycol T=40°C, t=168h Flavonoid, phenolic acid 15.88 Pujirahayu et al. (2014)
5 H,0 150 mL Soxhlet T=60°C,t=6h n/a 14.3 Biscaia and Ferreira (2009)
5 Ethanol 150 mL Soxhlet T=60°C,t=6h n/a 60 Biscaia and Ferreira (2009)
5 Ethyl acetate Soxhlet T=60°C,t=6h n/a 59.7 Biscaia and Ferreira (2009)
150 mL
5 CHCl3 150 mL Soxhlet T=60°C,t=6h n/a 73 Biscaia and Ferreira (2009)
5 n-Hexane Soxhlet T=60°C,t=6h n/a 17 Biscaia and Ferreira (2009)
3 Ethanol 10 mL solvent T=room Artepillin C, 3-prenyl-4-hydroxycinnamic 39.5 Paviani et al. (2012)
temperature (RT), acid (PHCA), p-coumaric acid,
t=24h kaempferide
1 Ethyl acetate Soxhlet t=16h artepillin C 55.6 Chen et al. (2009)
120mL
25 Methanol 250 mL Solvent T=60°C,t=1h Caffeic acid, coumaric acid, ferulic acid, n/a Sulaiman et al. (2011)
cinnamic acid, quercetin, pinobanksin,
apigenin, chrysin, pinocembrin,
kaempferol, kaempferide
10 H0 100 mL Solvent T=RT, t=5" Caffeic acid, trans p-coumaric acid, ferulic Total Kubiliene et al. (2015)
acid phenol
(1.6 mg/mL
GAE)
10 Ethanol 70% Solvent T=RT, t=5lh Caffeic acid, trans p-coumaric acid, ferulic 12.7mg/mL Kubiliene et al. (2015)
100 mL acid, naringenin, kaempferol, galangin GAE
2 Ethanol 15mL Solvent T=70°C,t=0.5h Artepillin C, p-coumaric acid n/a Machado et al. (2016)
0.5 Ethanol 4mL Solvent T=RT,t=0.21h vanillin, p-coumaric acid, ferulic acid, n/a Jerkovic et al. (2016)
chrysin, galangin, caffeic acid phenethyl
ester (CAPE)
2 Ethanol 15mL Solvent T=70°C,t=0.21h Artepillin C, p-coumaric acid n/a Machado et al. (2016)
0.5 Ethanol 4mL Solvent T=RT,t=0.21h Vanillin, p-coumaric acid, ferulic acid, n/a Jerkovic et al. (2016)

chrysin, galangin, caffeic acid phenethyl
ester (CAPE)

145174
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Table 2 - Propolis extraction using SC-CO,.

Wpropolis»& Condition Extracted compounds Yield, wt% Ref.
33 P =(139-346) bar, Naringenin, quercetin, kaempferol, 9.6 (P=277bar, T=45°C) You et al. (2002)
T=(30-70)°C isorhamnetin, pinocembrin, CAPE,
galangin, chrysin, acacetin.
20 =(100-200) bar, DHCA, cinnamic acid 12 (P=250bar, T=40°C, Biscaia and Ferreira (2009)

P

T=(30-50)°C, t=(3-5)h
20 P =(100-200) bar,

T=(

P

30-50)°C, t=(3-5)h

10 =207 bar, T=50°C

5(2gEEP)  P=(150-250)bar,
T=(20-50)°C

7.5 T=40°C, P=100bar, CO,
flux =6 g/min

32 P=(82-320) bar,
T=(31-50)°C,
t=(1.5-6.5)h

50g poplar P =(80-340) bar,
T=(35-65)°C, t=60min,
CO,=2kg/h

60 g EEP P=(90-300) bar,
CO2=0.1667 g/s

5g EEP P=(150-350) bar,

T=(20-50)°C, t=(1-2) h

DHCA, cinnamic acid, p-coumaric acid
Artepillin C, cinnamic acid derivatives

DHCA, PHCA, p-coumaric acid,
kaempferide
Artepillin C, p-coumaric acid

Apigenin, CAPE, caffeic acid
derivatives, galangin, galangin
derivative, chrysin, cinnamic acid
derivatives, pinobanksin, pinobanksin
derivatives, pinocembrin, quercetin,
quercetin derivatives

p-Coumaric acid, pinobanksin,
chrysin, pinocembrin, galangin,
pinostrobin

Benzophenones

p-coumaric acid, artepillin C, PHCA,
kaempferide

CO, =5 g/min)

8.9 (P=250bar, T=40°C, two

stage process)

0.6 (P=207 bar, T=50°C)
2.6 mg/g of artepillin C
7.3 (P=250bar, T=50°C)
2.972

14.3 (P=317bar, T=45°C,)

10.28 (P=300bar, T=60°C)

38 wt% of benzophenones

(P=300bar, T=40°C, t=3h)

13.07 (P=350bar, T=60°C)

Biscaia and Ferreira (2009)
Chen et al. (2009)

Paviani et al. (2012)
Machado et al. (2015)

De Zordi et al. (2014)

Kus et al. (2018)

Fianco et al. (2018)

Paviani et al. (2010a,b)

2.2. Methods

2.2.1. Characterization of raw material (propolis)

Raw propolis was kept in cold storage at —20°C for further
treatment. This raw propolis was pulverized in the grinder and
sieved to get 14-20 of mesh. This sieved raw propolis were used
in all the experiments.

The AOAC Official Method 934.01 was performed to deter-
mine the moisture content. Raw propolis (5 g) were fed into an
oven at 105°C for 1h to release moisture content. Afterward,
the sample was cooled down in a desiccator and re-weighed.
This step was repeated until the weighing of the sample is
constant. The water content was calculated using Eq. (1).

Wraw propolis

Moisture (%)= |1— x 100 (1)

Wdried raw propolis

To calculate the wax content, 750mL of methanol was
poured into beaker glass containing 250 g of raw propolis. The
raw propolis-methanol mixture, further, was stored overnight
in cold storage at -20°C. Afterward, the wax was separated
from the mixture. The wax content was computed using Eq.
(2) (Yeo et al., 2015).

Wwax

Wax (%) = [ } x 100 2)

Wraw propolis

The Soxhlet extraction was performed to evaluate the
chemical constituent of raw propolis. The 14-20 of the mesh
of raw propolis (5 g) were put in the extractor flask containing
150mL of ethanol (PA grade) and heated to a fixed tempera-
ture of 60 °C for 10 h. Subsequently, the extract was filtered and
analyzed using HPLC to identify the chemical constituent.

2.2.2. Supercritical extraction
A modified supercritical fluid apparatus which was used in the
previous studies (Salea et al., 2017; Subroto et al., 2017), was

performed to conduct the supercritical carbon dioxide (SC-
CO,) extraction. Fig. 1 provides the experimental apparatus
layout.

50 g of cold raw propolis was mechanically milled and fed
into an extractor vessel. The liquid CO, (food grade) was trans-
ferred into the vessel using a high-pressure pump (Thar, USA).
The SC-CO, extraction was carried out using a supercriti-
cal extractor with a CO; cycle system. During the process,
the vessel pressure was kept constant and controlled by a
back-pressure regulator (Tescom, USA). Temperatures in the
extractor and separator vessel were maintained in the range
of (33-67) °C using a heat exchanger (Lab. Companion, USA).

Extraction was performed in two stages, starting with
the static extraction, and followed by the dynamic extrac-
tion. In the static extraction, 50g of raw propolis and 50g
of CO, were fed into extractor vessel. The vessel was set to
50°C and 150bar. All static extraction was run at this con-
dition for 60min. This step was intended to withdraw the
wax from the raw propolis matrices. The dynamic extraction
time was set to 240 min and fixed for all dynamic extraction.
During the dynamic extraction, process variables such as pres-
sure 165.91-334.09 bar, temperature 33-18-66.82°C, and CO;
flowrate 6.59-23.41 g/min were varied following central com-
posite design. In this study, 20 runs were performed and the
center point was measured six times. The liquid extract was
collected after the extraction time (240 min) was completed.

2.2.3. HPLC analysis

The liquid product was analyzed by HPLC (Waters Alliance)
using a C-18 column to determine the constituent of propolis
extract. To identify the extract composition, some compounds
such as myricetin, pinobanksin, quercetin, kaempferol, galan-
gin, chrysin, ferulic acid, p-coumaric acid, caffeic acid,
cinnamic acid, and caffeic acid phenyl ester were used as the
external standard solution. The retention times were used to
compare the peaks of extracts and external standard solu-
tions. The spiking method was also occupied to confirm the
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Fig. 1 - Supercritical CO, extraction apparatus layout 1.

peaks. To quantify the extracts, a set of concentrations of the
external standard solution was injected into the HPLC system
to draw calibration curves. These curves were used to calculate
the extract concentration.

The mobile phase was 1.0% aqueous acetic acid (v/v) (A) and
methanol (B) in the gradient mode. The gradient model was
applied at 33 0C. For details, the gradient composition were as
follows: 15%—40% (B) at 0-30 min; 40%-55% (B) at 30-65min,
55%-62% (B) at 65-70 min, 100% (B) at 70-85 min with flow rate
of 1.0mL/min. The injection volume was 5 p.L.

2.2.4. Definition of yield and statistical modeling
The yield of propolis extract (Yext) is defined on a wt% basis
and determined from Eq. (3).

Wext

Yext (Wt%) = x 100% 3)

Wraw propolis

Statistical modeling using Design Expert 10 software (Stat-
Ease) was applied to investigate the effect of parameters to
extract yield. The model of extract yield was formulated in Eq.

(4)-

3 3 3
Yext = bo + Zbixi + Zzbljxixj )
i1

i=1 j=1

The parameters including temperature, pressure and CO,
flow rate are represented by the indices 1-3. The regression
coefficients were calculated by statistical analyses of the data.
The significance of factors was checked by their p-value in the
ANOVA analyses. A significant factor was confirmed if the p-
value was lower than 0.01. Further, the significant factors were
needed to model the data, whereas, the insignificant factors
were removed using backward elimination.

2.2.5. Antioxidant activity

To check antioxidant activity, the DPPH (2, 2-diphenyl-1-
picrylhydrazyl) method was mainly performed following a
previous study (Machado et al., 2015) with modification. The
extract obtained in optimum condition was reacted with
2,2-diphenyl-1-picrylhydrazyl. The extract was diluted and
prepared in triplicates. The 1mL of DPPH solution (0.1 mM)
in methanol was added to a tube containing 1 mL of extract

(50-300 pg/mL). The mixture, further, were incubated in dark
room for 30min at room temperature. Using spectropho-
tometer, the decreasing of the radical power of DPPH was
determined by the value of absorbance. Absorbance itself was
read in 517 nm. The same procedure was applied to a control
solution consisting of 1 mL of methanol and 0.1 mM of DPPH
solution. As a positive control, ascorbic acid was used.

The antioxidant activity was shown as the sequestration of
free radicals expressed as the percentage of inhibition in the
radical and mathematically calculated following Eq. (5). The
ICso value is the needed concentration of extract to seques-
trate 50% of DPPH radical. This value was obtained from the
line of the linear regression equation based on the relation-
ship between concentrations of extracts and its percentages
of radical DPPH inhibition.

%inhibition — (1 - i) x 100 (5)
Ao

A is an absorbance at 517 nm of the sample solution and
A, is an absorbance at 517 nm of control solution.

3. Results
3.1. Characterization of raw material (propolis)

The characterization study on Indonesian Trigona sp. raw
propolis was performed in this work. The moisture content,
wax and chemical composition were checked in triplicates.
The results indicate that raw propolis containing moisture of
10.3wt% in average which is higher than the previous study
reported by Dias et al. (2012) (3.4-5.4 wt%), Biscaia and Ferreira
(2009) (6 wt%), and Machado et al. (2016) (7.03-9.16 wt%). In the
interim, the wax content is 6.7 wt% which is lower than the
findings of Biscaia and Ferreira (2009) (16.1 wt%) and Dias et al.
(2012) (4.8-16 Wt%).

Many reports inform that chemical constituent of raw
propolis mostly consists of flavonoid, phenolic acids, and its
derivatives. In this work, the chemical constituents of raw
propolis were determined by Soxhlet extraction and the lig-
uid extract was analyzed using HPLC. The result identifies
that the Indonesian Trigona sp. raw propolis contains pheno-
lic acids such as caffeic acid (3.6 wt%), ferulic acid (1.4 wt%),
p-coumaric acid (28.7 wt%), and cinnamic acid (3.2 wt%). Sur-
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Table 3 - The extracted compound of propolis on different propolis origin and bee by Soxhlet method.

Propolis origin Propolis bee Solvent

Condition

Extracted compounds Ref.

Ethanol absolute
400 mL

The Apis mellifera
Southeastern
region of Brazil

Cabréuva, Brazil Methanol 150 mL

Apis mellifera t=8h

South of Brazil n/a n/a

Brazil n/a Ethyl acetate
120 mL
Mataram, Ethanol

Indonesia

Trigona sp.

T=60°C, t=24h

T=60°C,t=6h

t=16h

T=60°C, t=10h

Caffeic acid, ferulic acid,
p-coumaric acid, cinnamic
acid derivatives

Artepillin C, p-coumaric
acid, cinnamic acid,
chlorogenic acid, caffeic
acid, kaempferol,
kaempferide,
isosakuranetin

Artepillin C, 2,2-dimetyl-6-
carboxietenyl-2H-1-
benzopirane, cinnamic
acid, p-coumaric acid,
caffeic acid, cafeoilquinic
acid, kaempferol,
kaempferide

Artepillin C

Cunha et al. (2004)

de Funari et al. (2007)

Biscaia and Ferreira (2009)

Chen et al. (2009)
Caffeic acid, ferulic acid, This work
p-coumaric acid, cinnamic

acid, CAPE, quercetin,

kaempferol galangin,

chrysin, and pinobanksin

prisingly, the most important phenolic acid derivatives such
as CAPE (2.4 wt%) and flavonoids such as quercetin (1.8 wt%),
kaempferol (11.2wt%), galangin (6.3wt%), chrysin (2.4 wt%)
and pinobanksin (1.7 wt%) were also found in raw propo-
lis. These findings show the differences between Indonesian
raw propolis and Brazillian, European, Mediterranean and
Saudi Arabian raw propolis. The Brazillian raw propolis mostly
contains hydrocinnamic acid derivatives and artepillin C
(Biscaia and Ferreira, 2009). European raw propolis mainly
contains flavonoids (pinocembrin, pinobanksin, pinobanksin-
3-O-acetate, chrysin, and galangin) (Bankova et al., 2002).
Mediterranean raw propolis is rich with terpenes such as
isocupressic acid, pimaric, imbricatoloic acid, agathadiol,
totarol, 13-epi-torulosal, communic acid, 13-epi-cupressic
acid, abietic acid and ferruginolon (Graikou et al., 2016). Saudi
Arabian raw propolis is also rich with diterpenes such as diter-
pene propsiadin and diterpene psiadin (Almutairi et al., 2014).
These differences can be definitely caused by the origin of
propolis, the season when the propolis is collected, the kind
of bee species and the feed of bee. Table 3 informs the appli-
cation of Soxhlet method on different propolis origin and bee.
It shows that the propolis origin and bee may play a role in
propolis extraction.

3.2.  Effect of process conditions to extraction yield

In this work, all supercritical extractions were performed in
two stages. The first stage was static extraction which was
also intended as a pre-extraction process to pull out the wax.
This step was conducted at 150bar, 50°C and 50g CO, for
60 min. This static condition was determined by directing pre-
liminary research called the dewaxing process. The waxes
were collected every 30 min for 60 min. This static extraction
time was prolonged to 80min and checked every 10min to
know whether the wax still remained. The result confirmed
all waxes were removed from raw propolis after 60 min. In
average, the 3.51g (7.02wt%) of propolis wax were success-
fully separated in this step. This value is lower than Krell (1996)
who reported the raw propolis contained 25-30 wt%. However,

Table 4 - Overview of experiments for the supercritical
extraction of raw propolis.

Run Tdynamicv °C denamic: bar m COy, gmin  Wext, & Yext, wt%
1 66.82 250 15 4.02 8.04
2 40 200 20 3.38 6.76
3 50 165.91 15 3.06 6.12
4 50 334.09 15 5.72 11.44
5 50 250 15 6.88 13.76
6 60 300 10 3.84 7.68
7 50 250 6.59 2.82 5.64
8 40 300 20 3.84 7.68
9 50 250 15 6.66 13.32
10 50 250 15 7.04 14.08
11 50 250 15 6.14 12.28
12 50 250 23.41 5.88 11.76
13 60 200 10 3.26 6.52
14 40 200 10 2.56 5.12
15 40 300 10 3.32 6.64
16 60 300 20 4.14 8.28
17 50 250 15 7.2 14.4
18 33.18 250 15 3.54 7.08
19 60 200 20 3.56 7.12
20 50 250 15 6.36 12.72

Negri et al. (2000) confirmed that Brazilian Propolis contained
wax in range of 2.3-16.4 wt% and Cvek et al. (2007) found the
wax of Croatian Propolis in range of 8.75-14.13wt%. These
strongly indicate that the wax content also varies depending
on the origin of propolis.

Since the static extraction has removed the wax, the extrac-
tion was continued to the second stage. The second stage
was a dynamic extraction. In this stage, the effect of process
conditions on the extraction yield was investigated. The 20
experiments were run using a central composite design. Three
independent variables, the temperature (40-60°C), pressure
(200-300bar) and CO, flow rate (10-20 g/min), were explored
and the extract was taken as the dependent variables. The
results are provided in Table 4.

The center point of the central composite design was mea-
sured six times (run 5, 9, 10, 11, 17 and 20). The extraction
yield was found to be on average 6.71 g (13.43 wt%). Experimen-
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Table 5 - Analysis variance of extract yield model.

Source Sumof df Mean Fvalue p-value, Prob>F
squares square

Model 179.42 6 2990 23,59  <0.0001 (significant)

T 1.84 1 184 1.45 0.2496

P 13.76 1 1376 10.85  0.0058

m 14.71 1 1471 11.60 0.0047

(T)? 76.14 1 7614 60.06 <0.0001

(P)? 50.25 1 50.25 39.64 <0.0001

(m)? 51.78 1 5178 40.85 <0.0001

Residual 16.16 10 1.62

Lack of it 13.17 8 1.65 2.49 0.1654 (not significant)

df: degree of freedom; T: temperature (°C); P: pressure (bar); m: mass
flowrate of CO,.

tally, the highest extract was about 7.2 g (14.4 wt%) and was
achieved at 50°C, 250bar, the CO, flow rate of 15 g/min using
a raw propolis intake of 50g and dynamic time of 240 min.
This finding is higher than Krell (1996) who reported raw
propolis containing 10 wt% of the oil and Biscaia and Ferreira
(2009) who attained 8.9wt% Brazillian propolis extract from
two stages supercritical extraction process.

3.3.  Statistical modeling

In order to observe the significance of process variables on the
yield, variance analysis was performed. If the p-value is less
than 0.01, the process variable shows a significant effect. The
result of variance analysis is given in Table 5.

Table 5 indicates that CO, flowrate and pressure show
a significant effect on yield whereas temperature is slightly
important than CO, flowrate and pressure. This fits with some
reports stated that both pressure and CO; flowrate play more
important than any involved variables in supercritical extrac-
tion (Reverchon and De Marco, 2006; Duba and Fiori, 2015;
Salea et al., 2017).

The extraction yield was also statistically modeled and
empirically formulated as a function of the independent vari-
ables (temperature T, pressure P, and CO, flow rate m). These
variables were significant and give an effect on the extraction
yield (Yext). The model is valid in a range of the temper-
ature (40-60°C), pressure (200-300bar) and CO, flow rate
(10-20 g/min). The best model involving quadratic and inter-
action expression for yield (wt%) was successfully developed
and shown in Eq. (6).

Yext, = —117.714 + 2.335(T) + 0.393(P) + 2.482(m)

—0.023(T?) — .469 x 10~*(P?) — 0.076(m?) (6)

which T refers to temperature, P refers to pressure, and m
refers to the CO, flow rate. The R-squared of the model is
0.9159 that indicates the model fits the experimental data. It
also shows that the model can gratify 91.59% of the variabil-
ity in the extraction process. A good agreement between the
model and the experimental data was observed, as is shown
in the parity plot provided in Fig. 2.

To describe the effects of the process conditions on the
extract yield, the model predictions for yield for T=40°C and
T=60°C are given in Fig. 3. At higher temperatures, the extract
yield is slightly higher than at lower temperatures. It can be
explained that as temperature increased from 40 to 60°C, the
solubility of the extract was also increased. This is in line
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Fig. 2 - Parity plot between the modeled and experimental
mass of extracted oil.

with Salgin and Salgin (2006) who concluded that the higher
temperature process can improve the solubility of extract in
supercritical extraction.

Fig. 3 describes the influence of pressure and CO; flow rate
on propolis yield. At constant temperature, increasing pres-
sure will lead to higher yield. The density of supercritical CO,
increases proportionally with pressure. It subsequently con-
trols the power of the solvent and the solubility of extract in
supercritical CO; extraction. In higher density condition, the
interaction between molecules and supercritical CO, is also
higher, enhancing the solubility of extract. This is in accor-
dance with Reverchon and De Marco (2006) who reported that
the increasing pressure accelerates the solubility of oil.

However, in Fig. 3, since the pressure increased toward
250bar, the extract yield declines. It is well known that high
pressure contributes to improving the yield, but the pressure
above 275 may play a role in the process due to the proper-
ties change in higher pressure. This gives increasing the mass
transfer resistance, restricting the diffusion of supercritical
CO;, into molecules. Thus, it consequently inhibits the solu-
bility.

Fig. 3 also shows the optimum point for the effect of pres-
sure on the yield extract as well as the effect of the CO,
flow rate. At the beginning of the extraction process, the con-
vective mass transfer gives influence on the solid material
(raw propolis)-supercritical CO, interaction, providing suffi-
cient contact time between cells and supercritical CO,. Thus,
it allows for solvent saturation. Further, the solvent saturation
is attained, the diffusion fully controls the extraction. In this
period, the solubility of the extractis higher, resultingin a high
yield. This is in agreement with both Rodrigues et al. (2008)
and Monroy et al. (2017) who reported that the high CO, flow
rate enhanced the yield. It can reduce the mass transfer resis-
tance, saturating the supercritical CO,. Thus, equilibrium is
reached and the maximum yield is achieved. However, as seen
in Fig. 3, the higher the CO, flow rate above 15 g/min slightly
decreases the yield. As the system is rich with supercritical
CO,, the equilibrium deviates. It causes the solvent leaving the
system unsaturated. The advantage of increasing the flow rate
occurs up to the moment when the intraparticle resistance
becomes the dominant mass transfer resistance. At this point,
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Fig. 3 - Modeled yield of propolis versus pressure and CO, flow rate for two temperatures (left 40 °C; right 60 °C).

further increments on the flow rate become useless, because
the solutes removal is being governed by the rate of diffusion
inside the particles, toward their surface.

In a high flow rate, the mass transfer resistance stays
diminishing until the supercritical CO, is saturated. Further,
the increase of the flow rate will lead the solvent exits the
extractor unsaturated in spite of the high mass transfer rate.
However, the optimum flow rate is a function of the solvent-
solute interaction and process variables such as the geometry
of the extractor, the temperature, and the pressure.

3.4.  Extract composition

The content of propolis varies among regions. The composi-
tion is highly influenced by the regions where the propolis
is produced. Among those compounds, flavonoids, phenolic
acids and terpenes are major constituents that control the
properties of propolis (Kumazawa et al., 2004; Watanabe et al.,
2011).

In this work, Indonesian propolis composition was success-
fully determined by HPLC. Some bioactive compounds such
as flavonoids (myricetin, pinobanksin, quercetin, kaempferol,
galangin, chrysin), phenolic acids (ferulic acid, p-coumaric
acid, caffeic acid, cinnamic acid) and ester (caffeic acid phenyl
ester) were identified as seen in chromatogram profile in Fig. 4.
This profile indicates that p-coumaric acid from the phenolic
acid group, kaempferol and chrysin are clearly present in the
extract of Indonesian propolis. The quantity of each chemical
constituent is tabulated in Table 6 which is also indicates that
the performance of supercritical extraction is better than the
Soxhlet method. This is shown by extraction yield. The super-
critical extraction provides a higher yield than the Soxhlet
method.

The comparison of extract constituent between Indonesian
propolis and another propolis origin briefly is presented in
Table 7. It briefly informs that the Indonesian propolis compo-
sition is slightly similar with Taiwanese and Italian propolis.
In the meantime, the Indonesian propolis also contains p-
coumaric acid and cinnamic acid which are mostly available
in Brazilian Propolis.

In the interim, some reports on identifying propolis
chemical characteristics have been published. Biscaia and
Ferreira (2009) found phenolic acids such as caffeic acid,
p-coumaric acid, cinnamic acid and its derivatives includ-

Table 6 - The chemical constituent profile.

No. Chemical Raw propolis Propolis
constituent (sample) (wt%)? extract?® (wt%)

1 Caffeic acid 3.6 4.4

2 Ferulic acid 1.4 2.1

3 p-Coumaric acid 28.7 36.8

4 CAPE 2.4 2.8

5 Cinnamic acid 3.2 3.8

6 Quercetin 1.8 3.2

7 Kaempferol 11.2 13.2

8 Galangin 6.3 8.3

9 Myricetin - 1.3

10 Pinobanksin 1.7 8.8

11 Chrysin 2.4 12.7

@ Soxhlet extraction.
b Supercritical extraction.

ing Artepillin C in the extract of Brazillian propolis. De
Zordi et al. (2014) reported that Italian propolis contained
flavonoids such as apigenin, chrysin, galangin, pinobanksin,
pinocembrin, quercetin and phenolic acids such as caffeic acid
including caffeic acid phenyl methyl ester and p-coumaric
acid. Ahn et al. (2004) confirmed that Korean propolis con-
sists of caffeic acid, p-coumaric acid, 3,4-dimethoxycinnamic
acid, pinobanksin 5-methyl ether, apigenin, kaempferol,
pinobanksin, cinnamylideneacetic acid, chrysin, pinocem-
brin, galangin, pinobanksin 3-acetate, phenethyl caffeate,
cinnamyl caffeate, and tectochrysin. Furthermore, Uruguayan
propolis comprised pinobanksin, chrysin, galangin, izalpinin,
kaempferol, p-coumaric acid, caffeic acid and phenolic esters
(Kumazawa et al., 2002; Kumazawa et al., 2004).

Nevertheless, Graikou et al. (2016) reported Mediterranean
propolis was composed of diterpene compounds such as
isocupressic acid, imbricatoloic acid, communic acid, abietic
acid, and flavonoids such as chrysin, galangin, pinobanksin,
and pinocembrin. It is unique in composition. It shows the
combination of European propolis which is rich in flavonoids
and Mediterranean propolis which has diterpenes as major
compounds. In the interim, Jerkovi¢ et al. (2016) identified
caffeic acid, p-coumaric acid, ferulic acid, chrysin, galangin,
vanillin, and caffeic acid phenethyl ester (CAPE) in the Mediter-
ranean (Croatian) propolis.

The different result was informed by Al-Ghamdi et al. (2017)
who reported Yemen Propolis consisted of triterpenoids, n-
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Fig. 4 - Chromatogram profile of propolis.

Table 7 - The extracted compound of propolis on different propolis origin and bee by supercritical CO, extraction.

Propolis origin Propolis bee Condition

Extracted compounds Ref.

Taiwan n/a P =(139-346) bar,
T=(30-70)°C
South of Brazil n/a P =(100-200) bar,
T=(30-50)°C, t=(3-5)h
Brazil n/a P=207bar, T=50°C
South of the n/a T=40°C, P=100bar, CO,
Parand state, flux =6 g/min
Brazil
Propolis origin Propolis bee Condition
Belluno, Italy n/a P =(82-320) bar,
T=(31-50)°C, t=(1.5-6.5)h
Mataram, Trigona sp. T=50°C, P=250bar,
Indonesia CO, =15 g/min

Naringenin, quercetin,
kaempferol, isorhamnetin,
pinocembrin, CAPE, galangin,
chrysin, acacetin.

Artepillin C, cinnamic acid,
p-coumaric acid

Artepillin C, cinnamic acid
derivatives

Artepillin C, p-coumaric acid

You et al. (2002)

Biscaia and Ferreira (2009)
Chen et al. (2009)

Machado et al. (2015)

Extracted compounds Ref.

Apigenin, CAPE, caffeic acid De Zordi et al. (2014)
derivatives, galangin, galangin
derivative, chrysin, cinnamic
acid derivatives, pinobanksin,
pinobanksin derivatives,
pinocembrin, quercetin,
quercetin derivatives

Caffeic acid, ferulic acid,
p-coumaric acid, cinnamic
acid, CAPE, quercetin,
kaempferol galangin, chrysin,
pinobanksin, and myricetin

This work

alkenes, n-alkanes, n-alkanoic acids, long-chain wax esters, n-
alkanols, and methyl n-alkanoates. As seen in Fig. 4, due to the
chemical composition, the Indonesian propolis extract from
Trigona sp. has a similar constituent with Korean and European
propolis. The Indonesian propolis extract accommodates both
flavonoids which are mostly found in European propolis and
phenolic acid which is commonly contained in Brazillian and
Korean propolis. These reports including this finding strongly
conclude that the propolis origins play an important role in
the propolis composition.

3.5.  Anti-oxidant activity

To check the antioxidant activity of extract, DPPH test was
conducted. The result implies that propolis extract has a rad-
ical scavenging activity. Due to its composition (Fig. 4), the
propolis extract gives a strong influence on its antioxidant
activity. The antioxidant activity of propolis extract is sup-
ported by the presence of flavonoids and their esters such as

galangin and caffeic acid phenethyl ester (CAPE). These com-
pounds are reported as active molecules acting as the powerful
antioxidant (Russo et al., 2002; You et al., 2002). However, some
phenolic acid compounds in propolis such as caffeic acid, fer-
ulic acid, cinnamic acid, and p-coumaric acid are stated to play
a role in the antioxidant activity of propolis (Bankova et al.,
1999; Hegazi et al., 2000).

Some studies have informed that free radicals can be scav-
enged by the components of propolis extract. This valuable
information is also proven in this work that shows that the
antioxidant activity of extract is high and powerful. It is indi-
cated by the value of ICsq. The ICsp (inhibitory concentration
50%) value denotes the concentration of sample required to
scavenge 50% of the DPPH free radicals. The ICsy value is
inversely proportional to the antioxidant activity. Surprisingly,
the calculated ICsg value in this work is 24.77 pg/mL. This value
is closer to the ICsg of ascorbic acid (19.96 wg/mL). This finding
strongly implies that propolis extract from the supercritical
extraction of propolis has promising antioxidant quality.
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4, Conclusion

This work concludes that supercritical CO, extraction per-
formed in two stages process has high potentials to improve
the quality of propolis extract. This work pointed the optimum
condition giving 14.4wt% yield has been detected at 50°C,
250bar, the CO; flow rate of 15 g/min using raw propolis intake
of 50 g and dynamic time of 240 min.

The propolis extract has been successfully confirmed to
contain bioactive compounds i.e. galangin, p-coumaric acid
and caffeic acid phenyl ester. The antioxidant activity has
been checked and unexpectedly gives very good results show-
ing the ICsp value of 24.77 pg/mL which is closer to the ICsg
value of ascorbic acid.
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