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Abstract. Saragih WS, Purba E, Lisnawita, Basyuni M. 2021. The Fourier transform infrared spectroscopy from Diplazium esculentum
and Rivina humilis analysis reveals necessary components in oil palm plantations of Ganoderma boninense control. Biodiversitas 22:
3645-3651. The Fourier transform infrared spectroscopy (FTIR) has been widely utilized for biological samples and biomolecular
characterization. We aim to identify Ganoderma boninense through FTIR and obtain a functional group that can facilitate early basal
stem rot detection. Here, positive control (KP) was not inoculated with G. boninense and negative control (KN) was inoculated with G.
boninense. However, the treatment samples, Diplazium esculentum leaf extract, Rivina humilis leaf extract, and fungicide treatment,
were not inoculated with G. boninense. The positive control oil-palm leaf samples exhibited spectral bands similar to those in the D.
esculentum extract, R. humilis extract, and fungicide treatment. Strong bonds were observed at wavelengths 3379 cm, 2927 cm, 1639
cm, and 1056 cm™. Others were moderate to weak, except the negative control samples with strong bonds at 2044 cm-%. This indicates
amine N—H functional groups, alkane functional group C—H, functional group alkene C=C, C-0O, functional group ester, and functional
group isothiocyanate N=C=S (CsHsNS or CH> = CHCH:N=C=S). The FTIR plot result denotes G. boninense through N=C=S
Isothiocyanate functional group presence at 2140-1990 cm™. This unique structure is only found in infected oil-palm leaf tissues of G.
boninense. Our study suggests that FTIR spectroscopy is more beneficial than conventional methods in early detection of G. boninense
infection in oil palm.
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Abbreviations: BSR: Basal Stem Rot; FTIR: Fourier Transform Infrared

INTRODUCTION

Oil palm plantations are the world’s largest agricultural
plantations, with Indonesia leading oil palm production,
followed by Malaysia (Mohd et al. 2020). With a total
export value of Rp. 304 trillion, oil palm plantations
contribute significantly to the Indonesian economy
(Junaidi, 2020). Furthermore, according to BPS-Statistics
Indonesia (2020), oil palm plantations span 14,724 million
hectares, with 45,861 million tons of oil palm produced in
2019 alone. This number rose to 14,996 million hectares in
2020 (49,117 million tons). However, the G. boninense
fungus, which causes Sal stem rot, threatens the expansion
of oil palm production (Hashim et al. 2021).

Weeds contain various phytochemical compounds, such
as coumarins, flavonoids, phenolics, etc., which exhibit
antifungal activity and can be isolated (Gadisa and
Tadesse, 2021). As such, carotenoids, phenolics
(containing nitrogen, i.e.,, alkaloids), amines, and
organosulfur compounds (isothiocyanate and allyl sulfide)

are among the phytochemicals categorized according to

their chemical characteristics and functional groups
(Mitsiogianni et al. 2019). For example, when D.
esculentum is extracted with medium ethanol, the

secondary flavonoid metabolite components are 110.8+
11.12; however, when extracted with water, the flavonoid
content is 16.2+ 0.7 (Tongco et al. 2014). As an antifungal,
R. humilis contains n-Hexadecanoic acid, Hexadecanoic
acid, and 1(hydroxymethyl)-1,2-ethenyl ester (Kavita and
Mary, 2020). In light of this, through gas chromatography-
mass spectroscopy (GC-MS) analysis, the bioactivity of
hexadecanoic acid, methyl ester, and 1Heneicosanol
chemical compound as an antifungal were investigated in
vitro against Candida albicans fungus. Such plant
secondary metabolites can be applied to control oil palm
trunk rot since they contain natural ingredients and do not
pollute the environment (Suprapta, 2016).

The G. boninense pathogen causes BSR, which infects
young and old (15 years) plants (Priwiratama et al. 2020)
and decreases over 50% of production (Susanto, 2011).
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Despite numerous efforts, this disease is difficult to control
(Viera-Torres et al. 2020) due to its detection delay
(Cooper et al. 2011). Moreover, the rotting stem is always
asymptomatic and emerges only at the final infection stage
when over half the root tissue has decomposed, leading to
plant death.

Thus, early detection methods are urgently required.
Only a few methods have been reported to detect this
disease before symptoms manifest as fruiting bodies,
including enzyme-linked immunosorbent assay (ELISA)
(Kayalvizhi and Antony, 2011; Utomo and Niepold, 2000;
Kandan et al. 2009; Siddiqui et al. 2021), polymerase chain
reaction (PCR) (Chong et al. 2011; Midot et al. 2019;
Bahari et al. 2018; Goh et al. 2016), sequencing (Hayati
and Basyuni, 2019), laser machine learning (ML) through
laser beam scanning (Husin et al. 2020), hyperspectral
imagery visible near-infrared (VIS-NIR) (Azmi et al. 2020;
Ahmadi et al. 2017; Isha et al. 2019), scanning electron
microscopy (Alexander et al. 2017), and network detection
through Ganoderma selective media (GSM) network
(Rakib et al. 2014; Darus and Seman, 1992; Penido et al.
2013). Furthermore, weeds as markers of the organism’s
presence based on dominant species have also been
reported (Saragih and Purba, 2018), with the nutrients in
weed leaves compared to infected and uninfected oil palm
(Saragih and Purba, 2019). However, this method is
expensive and time-consuming for large-scale applications.

Ganoderma FTIR quantification detection reported
(Alexander et al. 2014) success in detecting G. boninense
through different functional groups in healthy oil palms.
Detection using FTIR reported (Liaghat et al. 2014) that
samples prepared with KBr with linear discriminant
analysis (LDA) based models yielded the highest mean
overall classification accuracy of 92%, with individual
classification accuracy greater than about 90% using the
raw dataset and verifying spectroscopic potential mid-
infrared for detection of Ganoderma in early stages of
asymptomatic infection in oil palm. FTIR detects blast
disease in rice by absorbing chemical groups with
differences in fat and cutin content, which increases due to
infection (Gaogiang et al. 2020). The physiological
measurements of leaves showed differences between
control and plants that were given NaCl, and biochemical
changes that occurred in functional groups were detected
using FTIR-ATR  (attenuated total reflectance)
spectroscopy (Westworth et al. 2019). However, there are
no reports regarding the detection of this organism’s
control through the administration of D. esculentum, R.
humilis secondary metabolite compounds, and fungicides.
Furthermore, the detection and identification of
microorganisms using FTIR spectroscopy are promising
due to their sensitivity, speed, low cost, and simplicity
(Salman et al. 2010). We thus aimed to identify G.
boninense through FTIR and obtain a functional group as
an indicator in the early detection of BSR in infected and
treated oil palms.
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MATERIALS AND METHODS

Plant materials

Oil palm seedling plant material crossing Dura X
Pisifera is tolerant of the G. boninense (isolate NJ72 TG
147) from the PT Socfindo collection. The isolates of the
fungus G. boninense inoculated in oil palm seedlings were
reported molecularly in the Socfindo plant disease
laboratory (Purba et al. 2020). Furthermore, D. esculentum
leaves were collected from PT. PP. London Sumatra, Thk
Langkat area, North Sumatra position 3°26°02,38” N and
98°12°56,67” E, while the R. humilis leaves were obtained
from Deli Serdang area, North Sumatra position
3°28°08,23” N and 98°49°04,11” E.

Figure 1 presents the locations where D. esculentum
and R. humilis leaves were collected. These plants are
unique since they are considered weeds in oil palm
plantations, but D. esculentum is consumed as a young
leafy vegetable and sold to consumers, indicating that it has
certain commercial value. Due to its abundance in the
plantation area, it can be marketed and employed as a
source of additional revenue. D. esculentum is also an
additional source of income since it is consumed as a
vegetable and thrives in a humid climate with humidity
levels ranging from 65-80% and a high annual rainfall of
2,205.43 mm. R. humilis found in plantation areas is a
unique weed species. Additionally, suppose the oil palm
dies as a result of the invasion of G. boninense. In that
case, the R. humilis species thrive and take over the
surrounding region since the humidity and organic matter
are suitable for their growth.

Procedures

The FTIR analysis was conducted in the Faculty of
Pharmacy, University of Sumatera Utara, Medan,
Indonesia, and the research was conducted in the
greenhouse of the university’s Faculty of Agriculture. This
method of producing weed leaf involved the application of
ethanol extract to the crop, as described by Rattanata et al.
(2014). The modified extract was applied to the oil palm
seedlings maintained in the greenhouse without fertilizer.
The plants were treated with extracts from metabolite
compounds of D. esculentum (DE), R. humilis (RE), and
pyraclostrobin fungicide, each amounting to a volume of
50 mL (Said et al. 2019; Rebitanim et al. 2020; Bivi et al.
2016). Plants as positive (healthy plant, not inoculated with
G. boninense) and negative controls (inoculated with G.
boninense but without treatment) were included to perform
a comparison (ldris et al. 2006). Each treatment consisted
of three replicates.

The seedlings indicated that BSR disease progressed
after five months of inoculation, but the only symptom of
the disease was the color of the infected leaves, which were
yellowing (Figure 2). The FTIR analysis used five plant
samples from each treatment: healthy plants (KP), infected
(KN), D. esculentum extract, R. humilis, and a comparison
synthetic fungicide. Furthermore, oil palm leaves were
taken from the base leaves, middle leaves, and leaves near
the shoots that had not opened yet. They were brought to
the laboratory and thoroughly washed with running water
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to remove the impurities. Then, the leaves were crushed
with liquid nitrogen into a fine powder (Khan et al. 2021)
and the FTIR was performed by the KBr pellet method (Lai
et al. 2021). The spectrum was adjusted at 4 cm™ and the
scanning range was selected between 400 cm™ to 4000 cm*
(Alexander et al. 2014). Subsequently, analysis was

98°100"E 98°200"E

Kab. Langkat

98°100"E 98°200"E

conducted on a total of 0.0020 g of samples and 0.1980 g
KBr, which was smoothed and printed onto thin or
transparent plates utilizing the Shimadzu tool (IRPrestige-
21). The resulting chromatograms were compared to the IR
Table (Lai et al. 2021).
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Figure 1. Map of weed collection locations: A. Diplazium esculentum leaves, B. Rivina humilis leaves in PT. PP. London Sumatra,

Tbk, North Sumatra Province, Indonesia

Figure 2. Qil palm seedlings three months after treatment. A. Healthy; B. Infected; C. Diplazium esculentum extract; D. Rivina humilis

extract; and E. Treatment fungicides



3648

RESULTS AND DISCUSSION

Results

The FTIR demonstrated the oil palm functional group
compounds after inoculation and treatment by the
secondary metabolite extracts of D. esculentum and R.
humilis that utilized the oil palm leaf extract (Figure 3).
FTIR was applied to obtain biomarker spectroscopy from
oil palm leaves and screening to detect and identify the
differences in the functional groups that played a
significant role in controlling G. boninense. The positive
control oil palm leaf samples spectrum was similar to that
of the D. esculentum leaf extract, R. humilis leaf extract,
and the fungicide treatment. There was no difference in the
spectral band, as illustrated in Figure 3. Strong bonds were
observed at wavelengths 3379 cm™, 2927 cm?, 1639 cm?,
and 1056 cm?, while the others varied moderately to
weakly, except for the negative control leaf sample with
strong bonds at the wavelength 2044 cm. This indicated
the presence of the following functional groups: N-H
(amine, C-H (alkane), C=C (alkene), C-O (ester), and
N=C=S (isothiocyanate). The molecular formula of the
compound is C4HsNS or CH,=CHCH,N=C=S. Tiznado-
hernandez (2008) reported that, in vitro, the isothiocyanate
functional group (N=C=S) was able to react with an amino
group from an amino acid and formed an N-allylthio-
carbamoyl derivative. This reaction occurs between
alanine, glycine, dipeptides (glycine-glycine, glycine-
alanine, alanine-glycine), tripeptides (glycine-glycine-
glycine and glycine-glycine-alanine), and 2-—propenyl-
isothiocyanate. The compound 2—propenyl-thiocarbamoyl-
peptide is formed from the reaction of 2—propenyl-
isothiocyanate with amino acids and peptides. This reaction
specifically occurs at pH values of 8 and 10 (Cejpek et al.
2000). Furthermore, isothiocyanate is a plant secondary
metabolite hydrolyzed from glucosinolates into various
derivative products, such as thiocyanates and nitrites (Liu
et al. 2020). Phytochemicals are secondary metabolites
found in plants that serve a variety of biological and
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ecological ~ functions including protection  against
herbivorous insects and pathogenic microorganisms (Xue
et al. 2019).

Figure 3 illustrates a unique spectrum in the negative
control with wavelengths ranging from 2140 to 1990 cm
and is compared to other samples, as shown in Table 1.
This difference provides an early indication that spectral
parameters can detect G. boninense from palm leaf tissue
(Erukhimovitch et al. 2005). Accordingly, it is evident that
oil palms infected with this organism exhibit a different
spectrum; hence, the pathogen can be detected or identified
directly from the leaf tissue. According to Brandl. (2013),
the infected biomass will produce a different FTIR
compared to the healthy counterpart, owing to fungal
metabolism in the plant tissues. It has been naturally tested
that isothiocyanate is a synergistically efficient fungicide
against pathogens that attack plants, glucosinolates of
isothiocyanate derivatives exhibit high bioaccumulation
potential and lipophilic properties that enable it to penetrate
membranes (Dubey et al. 2021).

Discussion

The FTIR spectrum was utilized to identify functional
groups of leaves that were healthy, infected, fungicide-
treated, and applied with leaf extracts of D. Esculentum and
R. Humilis. The wavelengths ranging from 2140 to 1990
cm? belonged to the isothiocyanate compound in the
infected leaves of G. boninense. The isothiocyanate group
(N=C=S) is a nucleophilic group that can bind thiols,
amino groups, peptides, and proteins. The inhibition of key
enzymes, such as reductases, acetate kinases, and oxidases,
is primarily responsible for the antifungal and antiaflatoxin
effects (Nazareth et al. 2016). Isothiocyanate (N=C=S) is
classified as a plant organic compound, namely the
metabolite unit S-p-D-glucopyranose, which is periodically
related to the O-sulfated (z) -thiohydroximate function
(Cedrowski et al. 2021).

Table 1. FTIR assisted identification of functional groups in oil palm leaves

Wave Functional groups

“&Tﬁ‘;r KP KN DE RE FT
3300-3500 N-H (Amine) N-H (Amine) N—H (Amine) N—H (Amine) N—H (Amine)
2850-2970  C-H (Alkane) C—H (Alkane) C—H (Alkane) C—H (Alkane) C-H (Alkane)
2140-1990 N=C=S (Isothiocyanate)
1610-1680 C=C (Alkene) C=C (Alkene) C=C (Alkene) C=C (Alkene) C=C (Alkene)
1500-1600 C-C (Aromatic rings) C—C (Aromatic rings) C—-C (Aromatic rings) C—C (Aromatic rings) C—C (Aromatic rings)
1340-1470 C—H (Alkane) C—H (Alkane) C—H (Alkane) C—H (Alkane) C-H (Alkane)
1180-1360 C—N (Amine, Amide) C-N (Amine, Amide)  C—N (Amine, Amide) C-N (Amine, Amide) C—N (Amine, Amide)
1050-1300 C-O (Ester) C—O(Ester) C—0O (Ester) C-O (Ester) C-O (Ester)
976-400 C—H (Isoprenoids) C—H (Isoprenoids) C—H (Isoprenoids) C—H (lIsoprenoids) C-H (Isoprenoids)

Note: Empty box indicates the absence of respective compounds in the sample. KP: Positive Control, KN: Negative control; DE: D.

esculentum extract, RE: R. humilis extract, FT: Fungicide treatment
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Figure 3. The N=C=S (Isothiocyanate) functional groups of infected oil palm leaves and leaf tissue in the region with 4000-400 cm™
FTIR spectrum is healthy and infected by D. esculentum extract, R. humilis extract, and fungicides treatment

Isothiocyanate compounds are synthesized from
glucosamine  with  acetic  anhydride/pyridine  that
glucosamine isothiocyanate is formed through N, N-
(acetyl) derivatives of phenyltiocarbamoyl glucosamine
and analyzed by the FTIR at a wavelength of 2048 cm™
derived from the N=C=S group were observed (Nishida et
al. 2019). The precursor of isothiocyanate is glucosinolate
(B-thioglucoside-N-hydroxysulfates), which acts as an
antifungal and several studies have proven it to be
anticancer  (Fahey et al. 2001). Additionally,
Colletotrichum  coccodes, Rhizoctonia solani, and
Helminthosporium solani are diseases that infect soil-borne
potato plants and isothiocyanate compounds—which are
hydrolyzed from natural glucosinolates—and can inhibit

fungal growth colonies in vitro based on the concentration
of isothiocyanate mixed into agar (Taylor et al. 2014).

The isothiocyanates were utilized for biological,
agricultural, and pharmaceutical interests for synthetic
treatment and function as a strong antifungal against
Candida albicans and Aspergillus niger (Chniti et al.
2020). Furthermore, isothiocyanate exhibits inhibition
against fungi, nematodes, bacteria, insects, and weeds
(Zhang et al. 2020). Isothiocyanate has been reported to
have fungistatic and fungi toxic compounds that can
control  soil-borne phytopathogenic  fungi  (Tiznado-
hernandez, 2008). Moreover, isothiocyanate compounds
have anti-proliferative properties. For instance, a naturally
occurring isothiocyanate is sulforaphane. Phenethyl
isothiocyanate and benzyl isothiocyanate synthetically



3650

modify the atomic structure of phosphorus which has
antibacterial, antifungal properties (Reagent et al. 2021).
Furthermore, plants infected with G. boninense possessed
N=C=S isothiocyanate functional group (Chen et al. 2020),
which is metabolized through its conjugation to glutathione
and hydrolysis into amines to fight the pathogen Sclerotinia
sclerotiorum, which attacks brassicas.

The study was conducted in vitro to evaluate the
efficacy of isothiocyanate with a concentration of 50 uL/L,
inhibiting the growth of the fungus Penicillium verrucosum
in barley (Nazareth et al. 2019). Isothiocyanates in vitro is
an antifungal compound in pears. The mechanism
underlying the antifungal effect on Alternaria alternata
may be through the impairment of the permeability of its
cell membranes (zZhang et al. 2020). Isothiocyanate
compounds operate as allelochemicals for sulfur storage,
water transportation, heat tolerance, stomata regulation,
apoptosis, and inhibition signaling in host plants as a
defense against pests and diseases (Bones et al. 1991).
According to this study, palm oil tissue can produce
isothiocyanate chemicals as a defense mechanism against
these infections. Furthermore, the isothiocyanate found in
plants is claimed to operate as a defensive chemical
released following cell tissue damage (Dose et al. 2021).

In conclusion, the FTIR spectroscopic method proved
that the functional groups of different chemical compounds
in infected oil palm leaf tissue contained N=C=S
isothiocyanate compounds with a wave number of 2044
cm-1, compared to healthy samples, D. esculentum, R.
humilis, and fungicides that were not identified. The clear
and strong absorption of infrared radiation from infected
samples containing the compound N=C=S isothiocyanate
indicates a potential functional group as an indicator of G.
boninense infection as well as a biological marker between
healthy and infected oil palms. These findings suggest that
FTIR spectroscopy can be a useful tool for the early
detection of diseases in oil palm plants compared to
conventional methods.
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