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OBJECTIVESMalang Regency is one of the orange plantation
centers in East Java, Indonesia, and has been named Indone-
sia’s orange agrotourism area. Orange peel waste in Indone-
sia has not been utilized, even though orange peel contains
valuable compounds, such as D-limonene and polyphenols.
METHODS . To date, studies on the extraction of D-limonene
and total phenolic compounds (TPC) from Baby Java Pacitan
orange (Citrus sinensis L.) and Keprok Batu 55 oranges (Cit-
rus reticulata Blanco) has not been investigated. In thiswork,
several factors affecting the extraction ofD-limonene and to-
tal phenolic compounds from local Indonesian orange peels
with ultrasonic assistance were investigated and optimized.
RESULTSThe results showed thatdryingusingavacuumoven
and agitation significantly increased the yield of D-limonene
and TPC. The optimum condition for extracting D-limonene
was a solid-solvent ratio (SSR) of 1:10 with an ethanol con-
centration of 96% for 40 minutes. Meanwhile, the optimum
condition for extracting polyphenol compounds was a solid-
solvent ratio of 1:10 with an ethanol concentration of 96% for
80minutes. CONCLUSIONSUnder optimumconditions, Baby
Java Pacitan orange peel producedD-limonene of 130.5mg/g
dry biomass,whichwas2.8 timeshigher thanKeprokBatu 55
orangepeel. Meanwhile, theTPC forBaby JavaPacitanorange
peel and Keprok Batu 55 orange peel were 46.1 mgGAE/g dry
biomass and 43.9mgGAE/g dry biomass, respectively.

KEYWORDS Baby java Pacitan orange; D-limonene; keprok
Batu 55 orange; orange peel waste; phenolic compounds

1. INTRODUCTION

Orange is one of the horticultural crops that are widely cul-
tivated in Indonesia. Malang Regency is one of the orange
plantation centers in East Java and has been named Indone-
sia's citrus agritourismarea (Agrofarm2019). In 2019, orange
production reached 135,489.4 tons in Indonesia, reflecting a
2% increase from the previous year. There are several va-
rieties of local orange cultivated in Malang, including Siam
Madu (Citrus nobilis), Baby Java Pacitan (Citrus sinensis L.), Ri-
mauGergaLebong (CitrusnobilisL.VarRGL)andKeprokBatu
55 (Citrus reticulata Blanco) (Agrofarm 2019; Jawa Pos Radar
Malang 2022).

All orange varieties cultivated inMalang are sold directly
to traders, MSMEs (micro, small and medium enterprises),
and industry. Its use is limited to consumption as a fruit or in
squeezed drinks and juice. Meanwhile, the peel of the fruit is
discarded (personal interview). However, orange peel, which
makes up 50-60% of the total fruit weight, contains valuable
components, such as D-limonene and phenolic compounds
(Ozturk et al. 2019).

D-limonene, also known as (+)-limonene or R-(+)-
limonene, is one of the secondary metabolites found in
orange peel and belongs to the terpene group. The content
of D-limonene in the essential oil of orange peel ranges
from68% to 98%, while its yield ranges from0.3 to 32.9mg/g
dry biomass depending on the variety of the orange and
extraction method (Prasad et al. 2016; Siddiqui et al. 2022;
Zuckerman 1995). It is widely used as flavor and fragrance
additives in food, beverage, perfume, pharmaceuticals,
and cosmetic industry. It is also used as a preservative,
green solvent, and antioxidant. Besides, it has analgesic,
anticancer, anti-inflammatory, neuroprotective, cardio-
protective, gastroprotective, antimicrobial effects, etc. Its
valuable role in preventing several chronic and degenerative
diseases has received extensive attention from researchers
(Anandakumar et al. 2021; Lin et al. 2024). The global market
value ofD-limonene reachedUSD312.1million in 2022 and is
expected to grow at a compound annual growth rate (CAGR)
of 6.0% from 2023 to 2030 (Grand View Research 2022).

Besides terpenes, other secondary metabolites found in
theorangepeel arephenolic compounds (polyphenols), such
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as phenolic acids (caffeic acid, chlorogenic acid, ferulic acid,
gallicacid, andsinapinicacid)andflavonoids (hesperidinand
naringin). These compounds have significant biological ac-
tivities, such as anti-inflammatory, anti-cancer, antimicro-
bial, and antioxidant (Lü et al. 2016). The global market value
of polyphenols was USD 1.68 billion in 2022 and is expected
to grow at a CAGR of 7.4% from 2023 to 2030. The demand
for the product is attributed to its various health benefits in-
cluding anticancer, antidiabetic, antiaging, etc (Grand View
Research 2022).

Several methods have been explored to isolate D-
limonene and phenolic compounds from orange peel,
including conventional methods (cold pressing, distillation,
steam explosion, soxhlet extraction) and advanced meth-
ods (high-pressure high-temperature extraction (HPHTE),
ultrasound-assisted extraction (UAE), supercritical fluid
extraction (SFE), microwave-assisted extraction (MAE),
enzyme assisted hydro distillation (EAHD). Conventional
processes are simple but require a long extraction time and
high energy consumption. Advanced methods have been
shown to increase productivity, reduce time and energy
consumption, and achieve the highest possible yield. The
utilization of HPHTE may damage heat-labile target com-
pounds such as D-limonene (Siddiqui et al. 2022). Compared
to SFEandMAE,UAE requires lower equipment cost. SFEhas
a complex system configuration and requires high capital in-
vestment. Uneven heating and/or overheating of samples in
MAE may reduce the extraction efficiency or cause thermal
degradation of target compounds. Although EAHD has been
shown to increase yield, however, enzymes are expensive
and require control of medium pH and temperature for
optimal enzyme action. To overcome some limitations of
other advanced methods, UAE is a promising technique for
isolating targeted components from biomass because it has
relatively low equipment cost compared to SFE and MAE,
and can be operated at low temperatures, thereby reducing
thermal degradation of target compounds (Picot-Allain et al.
2021).

UAE is an extraction method that utilizes ultrasonic
waves. It aids the extraction of target components from the
matrix of biomass by breaking cell walls through the forma-
tion and rupture of bubbles during expansion and compres-
sion cycles, thereby facilitating the diffusion of the solvent
into the biomass cells. This phenomenon is known as cavi-
tation. As a result, UAE method requires a relatively shorter
time (Lavilla and Bendicho 2017). Xhaxhiu et al. (2013) re-
ported that 30min of UAE yielded a higher D-limonene con-
tent (90%) than 6 h of soxhlet extraction (85%). In recent
research related to D-limonene extraction from lime, Khan-
dare et al. (2021) found that UAE reduced the extraction time.
D-limonene obtained from 20min of UAE, 30 min of stirred
batch extraction, and 185 min of Soxhlet extraction was 32.9
mg/g, 21.8mg/g, and 33.78mg/g, respectively. In research re-
lated to the extraction of phenolic compounds from orange
peel, Saini et al. (2019) reported that the phenolic content in
the extract of Citrus reticulata using 30 min of UAE method
(28.30 mg GAE/g) was higher compared to the maceration
method (23mgGAE/g).

Currently, the application of UAE in the extraction of
polyphenols from orange peel has been extensively studied
(Siddiqui et al. 2022). However, the study on the application

ofUAE inextractingpolyphenol compoundsandD-limonene
simultaneously from Indonesian local orange peel has not
been investigated. The objective of this study is to evalu-
ate the effects of extraction parameters on the yield of D-
limonene and phenolic compounds from Indonesian local
orange peel using the Ultrasonic-Assisted Extraction (UAE)
bath-type method. Two varieties of orange peel were used,
namely Baby Java Pacitan orange (Citrus sinensis L.) and Ke-
prok Batu 55 orange (Citrus reticulata Blanco). The parame-
ters observed were the effect of drying methods, agitation,
extraction time, solid-solvent ratio (SSR), and solvent con-
centrationon the yield ofD-limoneneand total phenolic con-
tents. This research is expected to be a solution for manag-
ing and valorizing orange peel waste inMalang, East Java, In-
donesia.

2. RESEARCH METHODOLOGY

2.1 Materials

Two different varieties of orange peel (Baby Java Pacitan and
KeprokBatu 55)were obtained fromSelorejo Village,Malang,
East Java. Folin-Ciocalteu reagent and sodium carbonate
anhydrous were purchased from Sigma Aldrich (Sternheim,
Germany). Ethanol 96%was purchased from a local supplier.

2.2 Raw material and preparation of biomass

The orange peel was washed with water to remove impuri-
ties before cutting it into 0.5 cm pieces. Subsequently, it was
dried in the oven at 40 °C until it reached a constant weight.
The dried orange peel was milled using a blender (Maspion
MT 1569, Indonesia) to pass through a 50-mesh screen sieve.
Then, the resulting orange peel powder was stored in an air-
tight container.

2.3 Ultrasound-assisted extraction (UAE)

The UAE system consisted of a round bottom glass reactor
that was placed in the ultrasonic bath (Elmasonic S 60 H,
Elma Schmidbauer GmbH, Germany) (Figure 1). The ultra-
sonic bath was operated at a constant frequency (37 kHz)
with a total output power of 400 W. The solvent used in this
work was ethanol 96%, except for the variable that used dif-
ferent concentrations of ethanol. The temperature of the
sample was maintained at 30±5 °C. To highlight the effect
of agitation, the extraction was conducted using UAE with-
out agitation and with agitation. The experiments were per-
formed in duplicates.

2.4 Preliminary study

In the preliminary studies, the effect of the drying method
and agitation were examined to determine the appropriate
pretreatment and extractionmethod to obtain a high extrac-
tionyieldofD-limoneneand total phenolic compounds (TPC).
To simplify the experiments, the observation was conducted
using Baby Java Pacitan orange peel. Two different drying
methods were observed: a convection oven (Binder ED 53,
Germany) and a vacuum oven (Memmert V029, Germany) at
40°C.Toobserve theeffectofagitationontheextractionyield
of D-limonene and TPC, the UAE was performed without ag-
itation and with agitation at 70 rpm. The solvent used was
ethanol 96%,with a solid-solvent ratio of 1:10 for 60min. The
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FIGURE 1. Scheme of ultrasound-assisted extraction (UAE) system.

optimum conditions obtained in the preliminary study were
then used to optimize the extraction process (Figure 1.

2.5 Optimization of extraction of D-limonene and
phenolic content from orange peel

The following parameters were examined for their effect on
the extraction yield of D-limonene and TPC: extraction time
(20, 40, 60, 80, 100 min), solid-solvent ratio (1:5; 1:10; 1:15),
and solvent concentration (70%, 80%, 96% v/v). These vari-
ableswere testedon the twoorangepeel varietiesused in this
study.

2.6 Determination of D-limonene content in the extract

D-limonene content was determined using a Gas
Chromatography-Flame Ionization Detector, GC-FID
(Shimadzu GC-2014, Japan). The analysis was carried out
on a Rtx-Wax column with dimensions of 30 m × 0.32 mm,
and 0.25 μm film thickness. The carrier gas used was H2
with a flow rate of 2 mL/min. The oven temperature was
100 °C (hold 0.5 min) to 250 °C at 16 °C/min (hold 10 min).
The detector and injection temperature were set at 250
°C and 230 °C, respectively. The make-up gas used was

N2 at 52 mL/min with the flow rates of H2 and air were
40 and 400 mL/min, respectively. An appropriate amount
of D-limonene standard dissolved and diluted with ethyl
acetate to prepare a calibration curve of D-limonene. The
determination of D-limonene yield is performed through
calculations using a linear regression equation derived from
the calibration curve of D-limonene. D-limonene yield is
expressed in milligrams of D-limonene per gram of dry
biomass (mg/g DW).

2.7 Determination of total phenolic compounds (TPC) in
the extract

Total phenolic compounds (TPC) in orange peel extractswere
determined using the Folin-Ciocalteu colorimetric method
and gallic acid as standard as described by Genwali et al.
(2013) with a slightmodification. An extract concentration of
1000ppmwas prepared. In a test tube, 0.5mL of extract solu-
tion was added with 2.5 mL of Folin-Ciocalteu reagent (10%)
and incubated at room temperature for 2min. A 2mL of 7,5%
sodium carbonate (Na2CO3) was then added, mixed, and in-
cubated at room temperature for 30 min. The absorbance
of samples was measured using a UV/VIS spectrophotome-
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FIGURE 2. Effect of drying method on the yield of D-limonene and total phenolic compounds of orange peel of Baby Java Pacitan and Keprok Batu 55.

ter (MecasysOptizenPop, Korea) at 745nm. The experiments
were carried out in duplicates. The total phenolic content of
extracts was expressed as mg gallic acid equivalents (GAE)
per gram of dry biomass (mgGAE/g DW).

2.8 Statistical analysis

All data were analyzed usingMinitab statistical software ver-
sion 18. Statistical analysis was performed using analysis of
variance (ANOVA), and differences between groups were as-
sessed using the least significant difference test (p-values <
0.05 were considered statistically significant).

3. RESULTS AND DISCUSSION

3.1 Effect of drying method

Two methods of drying were investigated, namely using a
convectionovenandavacuumoven. The results showed that
usingaconvectionovenrequired8–9hours todry theorange
peel until it reached a constant weight. While using a vac-
uum oven significantly shortened the drying time to 5 h. As
depicted in Figure 2, observation of the yield of D-limonene
(YD-limonene) showed that a vacuumovenwasmore favorable
to obtain a high yield of D-limonene. It succeeded in increas-
ing the yield of D-limonene by 7.5 times compared to drying
using a convection oven (p < 0.01). It indicates that drying
method significantly affects the yield ofD-limonene. Accord-
ing to Mohapatra (2006), D-limonene is a thermolabile com-
pound that can be degraded at a temperature of 50 °C (Moha-

patra2006). Although the temperatureofdrying in this study
was lower than 50 °C (40 °C), however the longer time of dry-
ingmight also contribute to the degradation of D-limonene.

Observation on the phenolic content (TPC) showed that
drying using a convection oven produced a relatively higher
phenolic compound content (1.3 times higher) compared to
using a vacuum oven. However, statistical analysis showed
that drying method did not significantly affect TPC (p > 0.05)
(Figure 2). Although the TPC of biomass dried in a convec-
tion oven was relatively higher than in a vacuum oven, the
drying timewasmuch longer. For process efficiency reasons
anda relatively high yield ofD-limonene, a vacuumovenwas
consideredmore favorable as a pretreatment of orange peel
to obtain a relatively high concentration of D-limonene and
phenolic compounds. Therefore, in the next experiments,
drying using a vacuum oven was used as a pretreatment to
removewater content in the biomass.

3.2 Effect of agitation

Tooptimize the extractionprocess, the effect of agitationwas
investigated. The results showed that ultrasonic-assisted ex-
traction equipped with mechanical agitation increased the
yieldofD-limoneneandTPCby57.0% (p<0.05) and31.4% (p>
0.05), respectively, compared to extraction without agitation
(Figure 3). It implies that agitation significantly contributed
to the extraction of D-limonene but did not significantly af-
fect the extraction of phenolic compounds. In a solid-liquid
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FIGURE 3. Effect of agitation on the yield of D-limonene and total phenolic compounds of orange peel of Baby Java Pacitan and Keprok Batu 55.

system, agitation provides good mixing thereby decreasing
external mass transfer resistance that allows the exposure
of particle surface to solvent. In the presence of ultrasound,
agitation helps to keep the particles in suspended form and
assists in intensifying the external mass transfer (Khandare
et al. 2021). As a result, the yield of D-limonene and TPC in-
creased.

3.3 Effect of extraction time

By applying agitation, the effect of extraction time on the
yield of D-limonene andTPC for both varieties of orange peel
was then investigated, and the results are presented in Fig-
ure 4. Time of extraction significantly affects the yield of D-
limonene and TPC (p < 0.001). In general, the longer the ex-
traction time, the higher the yield of D-limonene and TPC
obtained. After a certain period of time, the content of D-
limonene and phenolic compounds in the extract declined.
This may be due to changes in the target compounds due to
long-term exposure to ultrasonication (Carreira-Casais et al.
2022). As in the work of Shang et al. (2019), long-term ultra-
sonic extraction can destroy themolecular chains of polysac-
charides and degrade polysaccharide molecules. This phe-
nomenon may also occur in D-limonene and phenolic com-
pounds when long-term extraction is applied, resulting in
the degradation of the desired products.

The highest yield of D-limonene (YD-limonene) was
achieved at the extraction time of 40 min for both varieties

of orange peel. Under this condition, the orange peel of Baby
Java Pacitan generated D-limonene 130.5 mg/g DW or 2.8
times higher than Keprok Batu 55. Prolonging the time of ex-
traction to 60 min caused D-limonene to diminish by 58.7%
and 92.6% to 53.8 mg/g DW and 3.5 mg/g DW, respectively,
for Baby Java Pacitan and Keprok Batu 55 orange peel. The
same trend was also observed in phenolic content; however,
it needed a longer time to reach the maximum value. These
results confirm that the extraction rate of each component
may be different. The highest phenolic compound content
for both varieties of orange peel was achieved at the extrac-
tion time of 80 min. Under this condition, the TPC for both
varieties were not significantly different i.e. 46.1 and 43.9mg
GAE/g DW for Baby Java Pacitan and Keprok Batu 55 orange
peel, respectively.

The increase in extracted D-limonene and TPC to a cer-
tain value can occur because the cavitation effect of the ul-
trasound enhanced the swelling, hydration, fragmentation,
and pore formation of the plant tissue matrix. As a result, it
increases the exposure of the target compounds and the sol-
vent and aids their release into the solvent. The decrease of
D-limonene and TPC with prolonged extraction timemay be
caused by the degradation of the extracted molecule (struc-
tural damage) due to prolonged exposure to ultrasonication
(Khandare et al. 2021; Kumar et al. 2021).
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FIGURE 4. Effect of extraction time on the yield of D-limonene and total phenolic compounds of orange peel of Baby Java Pacitan and Keprok Batu 55.

3.4 Effect of solid-solvent ratio (SSR)

The effect of solid-solvent ratio on the extraction of D-
limonene and TPC was studied in the range of 1:5 to 1:15. By
doing extraction for 40 min with agitation at 70 rpm using
EtOH 96%, the yield of D-limonene and TPC was observed.
As summarized in Table 1, the ratio of 1:10 w/v resulted in
the maximum yield of D-limonene and phenolic content for
both orange peel varieties. A lower or higher solid-solvent
ratio shows a significant decrease in D-limonene yield and
TPC (p < 0.01). The sufficient solid-solvent ratio provides bet-
termass transfer of solutes from the particle’s surface to the
solvent due to a higher driving force in terms of the concen-
tration gradient between the matrix of the solid and the sol-
vent (Khandare et al. 2021). A low amount of solvent (low
SSR) caused a decrease in the extraction yield since the vis-
cosity of the solution is high which inhibits the cavitation ef-

fect, thereby decreasing fragmentation and pores formation
on the plant tissue matrix. A high amount of solvent in the
system (high SSR) causes an increased cavitation effect, re-
sulting in the degradation of the target compounds (Kumar
et al. 2021).

3.5 Effect of solvent concentration

The concentration of ethanol varied from 70% to 96% to ob-
serve its effect on the extraction efficiency of D-limonene
and phenolic compounds. The extraction was conducted us-
ing SSR 1:10 with agitation at 70 rpm for 40 min. The re-
sults are summarized in Table 2. The use of aqueous sol-
vents caused a significant decrease in D-limonene yield (p
< 0.01). The highest D-limonene and phenolic content was
achieved using 96% ethanol for both orange-peel varieties.
D-limonenewas not detectedwhenusing ethanol at concen-

TABLE 1. Effect of solid-solvent ratio on the yield of D-limonene and total phenolic compounds of orange peel of Baby Java Pacitan and Keprok Batu 55.

Solid-solvent ratio
Baby Java Pacitan orange peel Keprok Batu 55 orange peel

Yield D-limonene (mg/g DW) Total Phenolic Compounds
(mgGAE/g DW)

Yield D-limonene (mg/g DW) Total Phenolic Compounds
(mgGAE/g DW)

1:5 1.3±0.3 23.5±3.9 0.2±0.3 21.4±3.1

1:10 130.5±1.3 28.8±2.3 35.0±16.8 25.2±2.9

1:15 0 21.2±1.1 2.1±0.6 15.7±2.3

The obtained data are presented as the mean ± standard deviation (SD) (n = 2). *Significantly different from SSR of 1:10 (*p-values < 0.01)
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TABLE 2. Effect of solid-solvent ratio on the yield of D-limonene and total phenolic compounds of orange peel of Baby Java Pacitan and Keprok Batu 55.

Ethanol concentration (%)
Baby Java Pacitan orange peel Keprok Batu 55 orange peel

Yield D-limonene (mg/g
DW)

Total Phenolic Compounds
(mgGAE/g DW)

Yield D-limonene (mg/g
DW)

Total Phenolic Compounds
(mgGAE/g DW)

70 0* 22.5±3.0* 0* 10.4±1.2*

80 0* 28.8±3.2 0* 18.9±3.3*

96 130.5±1.3 28.8±2.3 46.9±2.0 25.2±2.9

The obtained data are presented as the mean ± standard deviation (SD) (n = 2). *Significantly different from ethanol concentration of 96% (*p-values < 0.01)

trations of 70% and 80%. This phenomenon may be caused
by the presence of water in the solvent. When water is used
as the solvent, under the effect of ultrasound, some radicals
(reactive species) can be generated. These reactive species
can recombine to form other radicals andmolecules (Lavilla
and Bendicho 2017).

Observation on the relationship between ethanol con-
centration and phenolic components extracted from orange
peel showed a contrary trend to the work of Li et al. (2006).
They foundthatTPCincreasedwithan increase in theethanol
concentration until it reached 85%; afterwhich, the recovery
reducedwith the increase of concentration. In this work, the
highest TPCwas reachedat theethanol concentrationof96%.
This difference may be caused by differences in the types of
phenolic compounds contained in the biomass, which influ-
ence the interaction between solute and solvent.

The presence of valuable compounds in orange peel
waste opens opportunities for further research on the appli-
cation of waste or its extracts for food and non-food such
as pharmaceuticals and cosmetics. In addition, it is neces-
sary to explore effective ways to prevent the degradation of
target compounds due to exposure to heat and/or ultrasonic
waves. Study of simultaneous extraction and encapsulation
of extracted components is interesting to develop. Feasibil-
ity studies on the application of UAE for the extraction of D-
limonene or phenolic compounds fromorange peel on an in-
dustrial scale also need to be conducted. The utilization of ul-
trasound in the date syrup industry for improving the quan-
tity and quality of syrup extraction (Vilkhu et al. 2008) pro-
vides insight into the potential application of UAE on an in-
dustrial scale.

4. CONCLUSIONS

In this work, ultrasound-assisted extraction for releasing D-
limonene and phenolic compounds (TPC) from Indonesian
local orange peel (Baby Java Pacitan and Keprok Batu 55) us-
ing ethanol was demonstrated and optimized. The drying
method and mechanical agitation had a significant impact
on the extraction yield. The use of a vacuum oven and me-
chanical agitation was more favorable to obtaining a high
yield of D-limonene and TPC. The extraction time needed to
extract D-limonene was shorter than phenolic compounds.
A moderate solid-solvent ratio and high ethanol concentra-
tion were more favorable for obtaining high target compo-
nents. At the optimum extraction conditions, Baby Java Paci-
tan orange peel contained a higher D-limonene than Keprok
Batu 55 but contained almost the samephenolic compounds.
In view of the importance and health benefits of target com-
pounds, these findings show the potential of local orange

peelwaste to derive valuable products that offer an approach
towards waste valorization and sustainable waste manage-
ment encouraging the zero-waste theory.
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