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ABSTRACT Detecting Ganoderma boninense in Indonesia is crucial for effectively controlling and mitigating the spread
of basal stem disease in oil palm fields. While there is ongoing development of tolerant plants, no such plant has been
successfully created yet. Consequently, researchers are actively studying detection methods for Ganoderma boninense. One
established and highly accurate approach is the use of polymerase chain reaction (PCR) techniques for molecular detection.
However, this method requires time‐consuming sample preparation, which can pose challenges in plantation settings. To
address this problem, a portable lab‐on‐chip device has been introduced. This technology enables easy and automatic DNA
retrieval from liquid samples by absorbing lysed DNA using magnetic beads. An efficient mechanism for manipulating the
magnetic bead within the semiconductor has been successfully implemented. The extraction process typically takes around
15 minutes using a modified methodology on the chip device approach. The chip facilitates the retrieval of two samples
with a capacity of 120 µL for each sample. The PCR method was utilized to validate the equivalence of the lab‐on‐chip
device extraction to the standard extraction method. This represents a promising alternative for expedited and simplified
detection of Ganoderma boninense in field conditions.
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1. Introduction

Oil palm is a vital crop for numerous countries across
Southeast Asia, Africa, and Latin America (Godswill et al.
2016; Liew et al. 2015; Siddiqui et al. 2021; Soh 2012).
It is the most productive oil crop, providing yields 3–8
times greater than other oil producers, including canola,
sunflower, soybean, and rapeseed; very profitable because
of its high output; low production costs; and relatively
easytogrow (Barcelos et al. 2015; Dislich et al. 2017; Soh
2012). The oil palm sector is estimated to be worth USD
65.73 billion as of 2015 and USD 92.84 billion by 2021.
Indonesia and Malaysia are the primary producers, ac
counting for 85% of global production (Bentivoglio et al.
2018; Fathana 2018; USDA 2012). This crop is a signifi
cant export and contributes significantly to the economies
of many countries (Soh 2012).

Basal stem rot (BSR) is a severe disease in oil palm
plantations, notably in Southeast Asia, particularly in

Malaysia and Indonesia (Idris et al. 2004; Siddiqui et al.
2021). Ganoderma boninense, a basidiomycetes fungus,
is the primary cause of BSR putting the oil palm sector in
grave danger. Although BSR was initially found in palms
older than 25–30 years, it has recently affected younger
palms, including those as young as one year old (Zakaria
2023). The oil palm industry suffers significant losses
due to this disease, with annual losses in Indonesia and
Malaysia reaching up to US$500 million. BSR disease
brought on by Ganoderma in oil palms still lacks an ef
ficient management method (Ommelna et al. 2012; Tahir
et al. 2023).

Once the fungus has infected the tree, it will soon col
onize the tissues of the trunk and cause a progressive dete
rioration of the internal structures, leading to the eventual
death of the tree (Siddiqui et al. 2021). The disease re
duces the profitability and sustainability of oil palm planta
tions in Southeast Asia by causing significant yield losses,
shortening tree life, and increasing management costs for
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farmers (Abubakar et al. 2022; Paterson 2007, 2019; Pa
terson et al. 2013). There have been numerous efforts to
control Ganoderma in oil palm plantations. Several con
trol methods include environmental sanitation (Naher et al.
2013; Paterson 2007), such as the fungus Trichoderma sp.
as an antagonistic agent (Priwiratama and Susanto 2014)
and endomycorrhizae (Kartika et al. 2010), as well as syn
thetic chemical control using several fungicide active in
gredients. However, the control results are still considered
ineffective.

The ideal control for overcoming diseases is using re
sistant plants against Ganoderma boninense (Idris et al.
2004; DurandGasselin et al. 2005). Gene knockout us
ing CRISPR/Cas9 of the EgEMLP gene, whose expres
sion is known to increase in oil palm plants infected with
G. boninense, is one of the efforts to obtain a resistant
plant. However, further studies are needed to determine
how wellmodified oil palm clones grow when infected
by G. boninense (Budiani et al. 2019). Therefore, early
detection of the emergence of G. boninense in plantations
is crucial. Several methods have been explored to detect
the disease using the shifting properties in electrochemi
cal (Fowotade et al. 2019), electrical (Ayoib et al. 2020),
and spectroscopy (Mohd Hilmi Tan et al. 2023). Those
methods demonstrated good results, but they need rela
tively specific instruments to be applied or a close system,
which becomes hard to modify for a different strain of G.
boninense.

A molecular technology, polymerase chain reaction
(PCR), has also been developed to detectG. boninense and
other antagonistic agent applications have been more pre
cise to control than other methods (Hushiarian et al. 2013).
With molecular technology, early detection ofGanoderma
and other antagonistic agents is expected to help control
the primary disease in oil palm plantations. However, the
use of PCR instruments is requiring a specialized person
to perform molecular biology tasks, costly equipment, and
storage of certain reagents at specific temperatures. Fur
thermore, DNA extraction from liquid samples, a crucial
step for the PCR process, is challenging to perform in plan
tations. Therefore, a labonchip device has been intro
duced to enable easy and automated extraction of purified
DNA from a small, liquid sample.

The use of labonchip technology has been explored
in our previous study, such as for various applications in
cell culture, neurotransmitter identification, and stem cell
encapsulation (Nadhif et al. 2017; Nathani et al. 2022;
Whulanza et al. 2014, 2022a,b). Our other studies also
showed that a PCRbased chip has significantly increased
the portability of the apparatus (Lischer et al. 2021; Whu
lanza et al. 2017). This paper aims to compare the product
of DNA extraction by conventional labbased protocol and
onchip device. It also aims to compare the standard pro
tocol and its modification of the onchip device method.
This study offers a promising, easier method for DNA ex
traction of Ganoderma boninense and its detection in the
field.

2. Materials and Methods

2.1. Conventional method
In this study, the oil palm leaf samples were obtained from
PT Socfin, Medan, North Sumatra (Figure 1a). To disso
ciate plant tissue, 50 mg of fresh or frozen tissue or 10 mg
of dried sample were subjected to grinding and put into a
1.5 mL microcentrifuge tube (Figure 1b). DNA extraction
was performed using Genomic DNA Mini Kit for plant
(GeneAid, Taiwan).

(a) (b)

FIGURE 1 Samples of oil palm leaves. (a) The fresh oil palm leaves
samples were obtained from PT. Socfin, Medan, North Sumatra. (b)
50 mg of fresh samples were prepared to grind using mortar.

During the lysis procedure, a solution of 400 µL GP1
or GPX1 buffer and 5 µL RNase A was added to the sam
ple tube. The tube was then incubated at 60 °C for 10
min, being flipped every 5 min. The elution buffer was
preheated to 60 °C, and 100 µL GP2 buffer was added to
the lysate, followed by incubation on ice for 3 min. The
mixture was transferred to a filter column inside a 2 mL
collection tube and centrifuged for 1 minute at 1,000 × g.
The supernatant was collected in a new 1.5 mL microcen
trifuge tube. DNA binding was facilitated by adding 1.5
volumes of GP3 buffer to the lysate and vortexed. The
mixture was added to a GD column and centrifuged at 14–
16,000 × g for 2 min. The column was then centrifuged at
14–16,000 × g for 30 s after being washed with 400 µLW1
and 600 µLWash buffer (ethanol added). The GD column
was centrifuged for 3 minutes at 1416,000 × g to remove
residual liquid. The dried GD column was moved to a mi
crocentrifuge tube, and the column matrix was filled with
100 μL of preheated elution buffer to elute the DNA. Af
ter 3–5 minutes, the column was centrifuged at 1416,000
× g for 30 seconds to collect the eluted DNA. Figure 2 il
lustrates the regular DNA extraction method.

FIGURE 2 DNA extraction process using conventional methods
(adapted from Park et al. (2014)).
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2.2. DNA extraction of oil palm leaves using portable
extraction unit

The onchip extraction was done using an extraction kit
from microfluidic Chipshop GmbH (Jena, Germany). The
extraction process employs a microfluidic chip placed in
a simple extraction apparatus to execute lysis, washing,
and elution processes. Figure 3a depicts magnetic beads
for shearing the liquid in the extraction unit with a pre
determined time and temperature. Each time the process
is completed, the liquid is substituted with a new solution
specific to that process, as depicted in Figure 3b. During
the lysis process, the lysate binds to the magnetic bead.
The elution process retracts the DNA from the magnetic
beads to the liquid sample the washing process is intro
duced in between to ensure that the lysis and elution pro
cess succeed.

(a)

(b)

FIGURE 3 (a) Schematic of the extraction process in a chip and (b)
solution replacement between each process.

The chip was loaded with 30 µL of the liquid sample
from the conventional lysis method and 100 µL of lysis
and binding buffer to initiate the lysis and binding process.
Four μL of magnetic beads were introduced into the chip
and mixed at 55 °C for 15 min. The washing process was
then done by removing the solution in the chip and adding
130 μL of washing buffer 1, which was mixed for 30 s and
repeated three times. Subsequently, the solution was re
moved again, and 130 μL of washing buffer 2 was added,
mixed for 30 s, and repeated three times. After this, the
solution was removed, 130 μL of washing buffer 3/elution
buffer was added, mixed for 10 s, and removed for DNA
elution. The elution step was performed by adding 125 μL
of elution buffer to the chip and stirring for 5 min at a tem
perature of 55 °C. Different reagents, ChipGenie bacterial
buffer, and GeneAid plant buffer were utilized in the ex
traction process using a portable onchip device as a com
parison with different temperatures for lysisbinding and
elution (55 °C for ChipGenie bacterial buffer and 60 °C
for GeneAid plant buffer), and PCR confirmed the DNA
extraction.

2.3. Modified protocol of DNA extraction using
portable extraction unit

The GeneAid plant buffer is used to perform the extrac
tion using this protocol. The chip was loaded with 30 µL
of the liquid sample from the conventional lysis method
and 100 µL of GP3 buffer to initiate the lysis and bind
ing process. Four μL of magnetic beads were introduced
into the chip and mixed at 60 °C for 5 min. The wash
ing process was then done by removing the solution in the
chip and adding 130 μL of W1 buffer, which was mixed
for 30 s. Subsequently, the solution was removed again,
and 130 μL of wash buffer was added and mixed for 30
s. Following this, the solution was removed, 130 μL of
elution buffer was added, mixed for 10 s, and removed for
DNA elution. The elution step was performed by adding
125 μL of elution buffer to the chip and stirring for 5 min
at a temperature of 60 °C. PCR then confirmed the DNA
extraction.

2.4. Polymerase chain reaction (PCR)
A PCR amplification protocol was conducted to validate
DNA extraction in the previous method. The PCR tem
perature profiles comprised several stages: initial denat
uration at 94 °C for 3 min, denaturation at 94 °C for 60
s, annealing at 54 °C for 30 s (depending on the primer
used), extension at 72 °C for 1–2 minutes, postextension
at 72 °C for 5 min, and termination at 4 °C for an in
finite period. The PCR cycle was reiterated for 35 cy
cles using a mixture consisting of 2 µL DNA template
sample, 1 µL forward primer (ITS 1 CTTGGTCATTTA
GAGGAAGTAA), 1 µL reverse primer (Gan 2 GCGTTA
CATCGCAATACA), 3 µL nucleasefree water, and 6 µL
My Taq PCRmixBioline (Bioline, US). A 1% agarose gel
stained with GelRed was electrophoresed to determine the
purity of the isolated DNA. The PCR products were vi
sualized as fluorescent bands with GelDoc (BioRad, US).

3. Results and Discussion

Leaf samples were employed in both the conventional and
onchip methods, as illustrated in Figure 2, which dis
plays the DNA extraction process using the conventional

FIGURE 4 PCR result using marker 1 kb and 100 bp of conven‐
tional extraction from leaf samples with an annealing temperature
variation of 52–56 °C.
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method. The PCR was utilized to compare the extraction
outcomes of both methods, utilizing Z primers (ITS 1 for
ward andGan 2 reverse) since it showed one specific band,
which yielded a 280 bp amplicon. Later, the amplification
using the conventional DNAextractionmethodwas shown
in Figure 4. It revealed visible luminescence bands at an
nealing temperatures of 54 °C. Thus, the optimal annealing
temperature for detecting G. boninense using the conven
tional method ranges from 54 °C. The PCR results are in
line with the study conducted by Minarsih et al. (2018),
where Ganoderma in oil palm plants can be detected by
molecular analysis using PCR with specific Ganoderma
DNA primers (Gan 1Gan 2 and ITS 1ITS 4) with certain
combinations.

The internal transcribed spacer (ITS) region of rRNA
is widely used as a primer for the general identification of
fungi, including Ganoderma (Minarsih et al. 2018; Mon
calvo et al. 1995; Nusaibah et al. 2011; Rees et al. 2009;
Utomo and Niepold 2000). In a study conducted by Nu

saibah et al. (2011), the combination of ITS 1 and ITS 4
as primers was reported to be accurate for determining ge
netic variation in Ganoderma species. Earlier, Utomo and
Niepold (2000), who designed specific primers of Gan 1
and Gan 2 from the ITS region, were also successful in
separating accessions of Ganoderma boninense from the
other species of Ganoderma.

Figure 5a depicts the filling of the chip with the mas
ter mix and magnetic beads for the first process, which
is the lysis. Figure 5b shows the extraction process that
involved liquid replacement for washing and elution pro
cesses. These figures showed that the magnetic bead
moved forth and back for specific temperatures at the ini
tial setup. Lastly, the liquid is collected from the chip to
the mini tube for PCR testing, as shown in Figure 5c.

Figure 6a depicts the DNA amplification using Chip
Genie buffer (1–2, 5–6) and GeneAid Plant buffer (3–4, 7–
8). Table 1 shows an explanation for bands 1–8 in Figure
6a. Both buffers effectively extractGanoderma boninense

(a) (b) (c)

FIGURE 5 Extraction process: (a) preparation of master mix together with magnetic beads in the chip; (b) the chip seated in the portable
extraction unit with ChipGenie buffer at 60 °C; (c) result of extracted DNA placed in a mini tube to be ready for the amplification process.

(a) (b)

FIGURE 6 (a) PCR result of on‐chip extraction at 55 and 60 °C and (b) PCR result using marker 1 kb (M) of on‐chip extraction with ChipGenie
bacterial buffer (D1), GeneAid plant buffer (D2) based on standard protocol and GeneAid plant buffer based on modified protocol (D2o).

TABLE 1 The BOD removal of tofu wastewater after 48 h.

Band Sample Description Protocol Additional Note

1 Oil palm leaves with ChipGenie bacterial buffer Standard on‐chip extraction using 55 °C Sample a
2 Oil palm leaves with ChipGenie bacterial buffer Standard on‐chip extraction using 55 °C Sample b (repetition)
3 Oil palm leaves with GeneAid plant buffer Standard on‐chip extraction using 55 °C Sample a
4 Oil palm leaves with GeneAid plant buffer Standard on‐chip extraction using 55 °C Sample b (repetition)
5 Oil palm leaves with ChipGenie bacterial buffer Standard on‐chip extraction using 60 °C Sample a
6 Oil palm leaves with ChipGenie bacterial buffer Standard on‐chip extraction using 60 °C Sample b (repetition)
7 Oil palm leaves with GeneAid plant buffer Standard on‐chip extraction using 60 °C Sample a
8 Oil palm leaves with GeneAid plant buffer Standard on‐chip extraction using 60 °C Sample b (repetition)
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DNA, with the invisibility of the band in Figure 6a (2 and
6) related to the composition of the master mix used. The
bacterial buffer used was successful in extracting DNA
from plant samples. This shows that the buffer used for
DNA extraction is universal. It has been observed that a
change to a higher temperature (60 °C) results in stronger
luminescence bands, indicating that more DNA was ex
tracted at 60 °C (5–8) rather than 55 °C (1–4). Therefore,
the optimum temperature for extracting DNA from plant
samples is 60 °C. This amplification process confirmed
that the labonchip extraction is comparable to the con
ventional extraction method, as in Figure 4.

An evaluation was conducted to compare the standard
and modified protocols of the onchip extraction method.
The experimental findings demonstrated that the altered
techniques were capable of expediting the isolation of
DNA in oil palms. Our testing found that the conven
tional method required 30 minutes for all the extraction
processes, while the chip approach was 15 minutes faster.
However, the user must become familiar with the process
of moving in and out of a liquid using a syringe in a more
limited pathway. Furthermore, the chip offers two chan
nels that allow for the simultaneous extraction of two spec
imens. Additionally, there is a chip that offers four chan
nels, which theoretically increases the number of speci
mens available for our study.

Our proposedmethod was validated by the presence of
DNAbands on PCRproduct visualization by electrophore
sis on agarose gel, as in Figure 6b during the amplification
phase. However, there are still many secondary metabo
lites that reduce the concentration and purity of DNA. The
use of bacterial and plant lysis buffers generally showed
differences in DNA luminescence in the gel. The lumines
cence band located below the marker is the primer dimer.

Chemical extraction procedures, such as those involv
ing cetyltrimethylammonium bromide (CTAB) or phenol
chloroform, are recognized for their timeconsuming na
ture (Elkins 2013; Green and Sambrook 2017). Thus,
(Siegel et al. 2017) performed a straightforward DNA ex
traction method that involved using cellulose filter paper
to separate DNA from the source. Although the filter was
inexpensive, it posed challenges in the recovery of con
centrated DNA. This highlights another advantage of em
ployingmagnetic beads for the extraction in our technique.

4. Conclusions

Our findings demonstrated that employing onchip
portable devices provides a viable and encouraging
approach for collecting Ganoderma boninense DNA from
liquid samples. This technology offers a substitute for
performing the lysis, washing, and elution procedures
that are comparable to traditional methods, with the
added capability of working with up to four specimens
simultaneously. The efficacy of the labonchip device
extraction was validated by a polymerase chain reaction
and determined to be comparable to that of the conven

tional approach. By adjusting temperatures and time
duration, it is possible to expedite the extraction process
in onchip protocols.
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