
15 
 

 
POJ 13(01):15-20 (2020)                                                                                                                                 ISSN:1836-3644 
doi: 10.21475/POJ.13.01.20.p2071 
 

NMR-based metabolomics reveals effect of Ganoderma boninense infection on oil 
palm leaf at 30 days post-infection 
 
Azizul Isha1*, Nor Azah Yusof2*, Rosiah Osman2, Mui-Yun Wong3, Siti Nor Akmar Abdullah3 

 

1
Laboratory of Natural Products, Institute of Bioscience, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, 

Malaysia 
2
Functional Devices Laboratory, Institute of Advanced Technology, Universiti Putra Malaysia, 43400 UPM Serdang, 

Selangor, Malaysia 
3
Institute of Plantation Studies, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia 

 
*Corresponding author: azizul_isha@upm.edu.my, azahy@upm.edu.my 
 

Abstract 
 
Basal stem rot is the major disease in oil palm industry that caused by a fungal named Ganoderma boninense (G. boninense) 
species. Infected palms are symptomless at the early stage of this disease which imposes difficulties in detecting the disease. 
Therefore, this study was carried out to obtain the 

1
H NMR metabolomic profiling of both non-infected and G. boninense infected 

oil palm leaf at 30 days post-infection (dpi). This combination has provided a rapid approach in investigating the changes in the 
compound variations of non-infected and G. boninense infected oil palm leaf. Non-infected and G. boninense infected oil palm leaf 
at 30 dpi was extracted using aqueous methanol (methanol: water, 80: 20 v/v). The crude extracts obtained were analyzed by 

1
H 

NMR-based metabolomics approach. Analysis of metabolomics data from 
1
H NMR was conducted by multivariate data analysis of 

principal component analysis (PCA). Significant differences were found between the two groups. Compared to the non-infected 
leaf, the G. boninense infected leaf had higher relative abundance of choline, asparagine, alanine, succinic acid, gallic acid, 
epicatechin, trimethylamine, N-acetylglucosamine, N-acetyltyrosine, β-sitosterol, 2,3-butanediol, lactic acid, caffeic acid, p-
hydroxybenzoic acid, α-tocopherol, β-cryptoxanthin and kaempferol. The non-infected leaf showed higher level of sucrose, xylose, 
α-glucose, S-sulfocysteine and indole-3-acetic acid. NMR-based metabolomics applied in this study reveals that G. boninense alters 
a manifold of primary and secondary compounds in oil palm leaf. 
 
Keywords: Ganoderma boninense; leaf; metabolomic profiling; nuclear magnetic resonance; oil palm; principal component analysis. 
Abbreviations: dpi_days post-infection; G. boninense_Ganoderma boninense; RWB_rubber wood block; PCA_principal component 
analysis. 
 
Introduction 
 
Basal stem rot disease caused by white rot fungus 
Ganoderma boninense (G. boninense) is a major disease 
problem in oil palm (Elaeis guineesis Jacq.). Ganoderma 
stem rot disease can causes reduction yield of infected 
palms and direct loss of stand resulting in death (Flood et al., 
2002). The infected young palm normally dies within 1 or 2 
years, whereas mature trees can survive up to three years 
(Corley and Tinker, 2003). 
In former times, symptoms such as wilting and falling leaf 
through malnutrition or the existence of basidiomata of the 
pathogen on the tree was the only disease diagnosis 
technique (Lelong et al., 2010). Currently, several diagnostic 
techniques such as enzyme-linked immunosorbent assay, 
polyclonal antibodies and polymerase chain reaction test 
were used to detect G. boninense infected oil palm (Utomo 
and Niepold, 2000).  
Further work needs to be carried out to study the 
compounds alteration of G. boninense infected at early 
stage. NMR spectrometry is one of the most utilized 

methods for differentiation of metabolic contents alteration 
in various scientific fields (Mediani et al., 2012). The NMR 
measurements are non-destructive, non-selective, which 
allow simultaneous detection of diverse groups of 
secondary compounds besides abundant primary 
compounds (Kim et al, 2010; Li et al., 2007). The 
combination of multivariate statistical technique such as 
principal component analysis is a technique to decrease the 
large size of data sets to a more manageable size (Lee et al., 
2011). Therefore, a simple and reliable method procedure 
for determination of compound variations in G. boninense in 
oil palm leaf at early stage i.e. 30 dpi using NMR-
metablomics approach has been developed in this study. In 
our previous work, study on 14 dpi of non-infected and G. 
boninense infected oil palm leaf has been determined using 
the same method (Isha et al., 2019). Up to now, there are no 
studies reporting on 30 dpi of non-infected and G. boninense 
infected oil palm leaf. This enables comparing the 
compounds variation between non-infected and G. 
boninense infected oil palm leaf at 30 dpi. Furthermore, the 
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compounds determined in this work will allow a more 
complete understanding of the compound variations in 
basal stem rot disease and can be implemented for early 
detection of this disease in the future. 
 
Results and Discussion 
 
 1

H NMR spectra and compounds identification 
 
In this study, metabolomics analysis was employed to 
differentiate the compounds variation between non-infected 
and G. boninense infected oil palm leaf at 30 dpi. Compound 
fingerprinting of the oil palm leaf was obtained by 
comparing the determined compound peaks with our 
previous work in detection of non-infected and G. boninense 
infected oil palm leaf at 14 dpi (Isha et. al., 2019). 
Compounds from this plant including amino acids, sugars, 
phytosterol, tocopherol and phenolics were successfully 
determined. Fig. S1 and Fig. S2 show the 

1
H-NMR spectra 

and 2D J-resolved of oil palm leaf aqueous methanolic 
extracts (methanol: water, 80: 20 v/v), respectively. 
Table 1 shows the determined compounds from oil palm leaf 
extract and their signal characteristics. A total of 22 
compounds were determined, including primary and 
secondary compounds. Phytosterol such as β-sitosterol were 
detectable at δ 0.72 (d, J=6.0 Hz) and δ 1.00 (s), whereas 
alanine was detectable at δ 1.48 (d, J=10.0 Hz). Lactic acid, 
2,3-butanediol, α-tocopherol, β-cryptoxanthin and N-
acetyltyrosine were observed in aliphatic region between δ 
1.12 and 1.92. Other compounds such as N-
acetylglucosamine, trimethylamine, succinic acid and 
epicatechin were detectable between δ 2.04 and 2.88. 
Xylose, sucrose and α-glucose were assigned in accordance 
with the signals showed in the carbohydrate region of δ 3.0 
– 5.5. The existence of xylose was confirmed by the peaks at 
δ 3.40 (t, J = 10.0 Hz) and 4.56 (d, J = 7.5 Hz) whereas peaks 
of sucrose was observable at δ 4.16 (d, J = 9.0 Hz) and δ 5.40 
(d, J = 4.0 Hz). A doublet peak observed at δ 5.16(d, J = 5.0 
Hz) suggested the presence of α-glucose. The presence of 
amino acids namely S-sulfocysteine and asparagine were 
confirmed between δ 3.48 and 3.92. Indole-3-acetic acid and 
choline were observable at δ 3.64 (s) and δ 3.20 (s), 
respectively. 
A number of phenolics were observed in region of aromatic 
(δ 5.5 – 8.0). Characteristic peaks of phenolics as gallic acid 
was detectable at δ 7.02 (s) whereas caffeic acid was 
observed at δ 6.52 (d, J = 15Hz), δ 6.88 (d, J = 10.0 Hz) and δ 
7.16 (d, J = 10 Hz). Meanwhile, kaempferol was detectable at 
doublet peak at δ  6.76 (d, J=2.5 Hz) whereas p-
hydroxybenzoic acid was detectable at δ 8.00 (d, J = 5.0). 
 
Discrimination of non-infected and G. boninense infected 
oil palm leaf 
 
Multivariate data analysis was applied in this study to 
determine the variations in the compounds of non-infected 
and infected leaf samples. Hence, PCA was utilized to 
examine the grouping features of the samples and analyze 
the compounds that contributed to the variation. As 
illustrated in Fig. 1A, non-infected and infected leaf samples 
could be discriminated clearly. The cumulatively accounted 
of  the first two principal components (PC1 and PC2) was 
calculated to be 88.2% of the total variation. The two groups 

are separated mainly along the PC1 direction, which carries 
66.9% of the total variance in the NMR data.  
The compounds in the non-infected and infected leaf 
samples at 30 dpi that could be distinguished using PCA is 
illustrated in the loading plot for PC1 (Fig. 1B). Analysis of 
the scores and loading plots show that, the concentrations 
of choline, asparagine, alanine, succinic acid, gallic acid, 
epicatechin, trimethylamine, N-acetylglucosamine, N-
acetyltyrosine, β-sitosterol, 2,3-butanediol, lactic acid, 
caffeic acid, p-hydroxybenzoic acid, α-tocopherol, β-
cryptoxanthin and kaempferol were more abundance in 
infected leaf samples. Sucrose, xylose, α-glucose, S-
sulfocysteine and indole-3-acetic acid were more prominent 
in non-infected leaf samples.  
Plants defence by pathogens may show various biochemical 
defence responses such as cell wall deposition of lignin and 
suberin, enzyme synthesis and accumulation of specific 
compounds (Daayf et al., 2000). It has been proposed that 
amino acid such as asparagine was involved in plant stress 
responses related to pathogen infections (López-Gresa et al., 
2012). Asparagine has been known as a general nitrogen 
transporter and function as transamination in plant (Lam et 
al., 1995; Sardan et al., 2014). Aspartate was converted into 
asparagine by a glutamine-dependent asparagine synthetase 
in plant asparagine biosynthesis (Eason et al., 1996; Olea et 
al., 2004). Previously, study on asparagine synthetase in 
tomato leaf infected by Pseudomonas syringae found that, 
ammonium ions released from protein degradation and 
amino acid deamination were reassimilated through 
cytosolic glutamine synthetase/asparagine synthetase into 
asparagine which was compartmentalized in the cytoplasm 
of mesophyll cells and the vascular tissue of infected leaf 
(Olea et al., 2004). High levels of alanine and choline 
accumulated in infected leaf samples were determined in 
this work. Alanine was involved with the activation of a 
programmed cell death response in suspension cultures of 
Vitis labrusca. Alanine level was increased to promote cell 
death of the infected tissue exploits to facilitate invasion 
(Chen et al., 2006). The elevated of choline levels in leaf was 
related to an increase in the synthesis of membrane 
components after interacted with pathogen (McNeil et al., 
2001). Titarenko et al. (1997) claimed that infected leaf 
induces choline synthesis through the jasmonic acid signal 
transduction pathway. he accumulation of p-hydroxybenzoic 

acids, gallic acid and caffeic acid, epicatechin and 

kaempferol in infected leaf could be associated to the 

shikimic acid pathway (Fig. S3), which involved in synthesis 

of plant phenolics (Boudet, 2007; Hoffmann et al., 2004; 

Whiting, 2001). Simple carbohydrate precursors resulted 

from glycolysis and the pentose phosphate pathway were 

converted the three aromatic amino acids i.e. phenylalanine, 

tyrosine, and tryptophan in the shikimic acid pathway. 

Phenylalanine ammonia lyase mediated the cinnamic acid 

formation from phenylalanine by the elimination of an 

ammonia molecule (Taiz et al., 2015). The activity of phenyl-

alanine ammonia lyase was increased by the pathogen 

infection, which triggered the transcription of messenger 

RNA and stimulated the synthesis of phenolic compounds 

(Mandal et al., 2010). In the phenolic biosynthetic branch, p-

coumaric acid was converted into caffeic acid and ferulic acid 

whereas the formation of hydrobenzoic acid can be produced 

by side-chain degradation of hydrocinnamic acids (Kahn and 

Durst, 2000; Sircar and Mitra, 2009). 
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Table 1. Assignments of NMR signals for compounds determined in 
1
H and 2D NMR spectra of oil palm leaf extracts with 

corresponding multiplicity (s, singlet; d, doublet; t, triplet; dd, doublet of doublets; m, multiplet) and scalar coupling constant (J, Hz) 
values. Compound fingerprinting of the oil palm leaf was achieved by comparing the determined compound peaks with our 
previous work (Isha et. al., 2019). 

 Peak no Compounds 𝛿 
1
H (multiplicity) 

1 Sucrose  4.16 (d, J=9.0 Hz), 5.40 (d, J=4.0 Hz) 
2 Xylose  3.40 (t, J=10.0 Hz), 4.56 (d, J=7.5 Hz) 
3 α-Glucose 5.16 (d, J=5.0 Hz) 
4 Choline  3.20 (s) 
5 Asparagine  3.92 (m) 
6 Alanine  1.48 (d, J=10.0 Hz) 
7 S-Sulfocysteine  3.48 (dd, J=5.0 Hz, 5.0 Hz) 
8 Succinic acid  2.4 (s) 
9 Gallic acid  7.02 (s) 
10 Epicatechin 2.88 (dd, J=10.0 Hz, 5.0 Hz) 
11 Indole-3-acetic acid  3.64 (s) 
12 Trimethylamine  2.89 (s) 
13 N-acetylglucosamine 2.05 (s) 
14 N-acetyltyrosine 1.93 (s) 
15 β-Sitosterol 0.72 (d, J=6.0 Hz), 1.00 (s) 
16 2,3-Butanediol 1.20 (d, J=10.0 Hz) 
17 Lactic acid 1.12 (d, J=10.0 Hz) 
18 Caffeic acid 6.52 (d, J=15Hz), 6.88 (d, J=10.0 Hz), 7.16 (d, J=10 Hz) 
19 p-Hydroxybenzoic acid 8.00 (d, J=5.0) 
20 α-Tocopherol 1.36 (s) 
21 β-Cryptoxanthin  1.15 (s), 1.70 (s), 1.76 (s) 
22 Kaempferol 6.76 (d, J=2.5 Hz) 

 
 
 

 
 
Fig 1. Principal component analysis (PCA) of 

1
H NMR data of oil palm leaf aqueous methanolic extracts A. Score plot of PCA 

demonstrating differences in compound profiles of non-infected and G. boninense infected oil palm leaf at 30 dpi B. loading column 
plot of PCA indicating primary differential compounds. Peak assignments: (1) sucrose, (2) xylose, (3) α-glucose, (4) choline, (5) 
asparagine, (6) alanine, (7) S-sulfocysteine, (8) succinic acid, (9) gallic acid, (10) epicatechin, (11) indole-3-acetic acid, (12) 
trimethylamine, (13) N-acetylglucosamine, (14) N-acetyltyrosine, (15) β-sitosterol, (16) 2,3-butanediol, (17) lactic acid, (18) caffeic 
acid, (19) p-hydroxybenzoic acid, (20) α-tocopherol, (21) β-cryptoxanthin, (22) kaempferol. 
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p-Coumaric acid was converted into p-hydroxybenzaldehyde 
by the p-hydroxybenzaldehyde synthase enzyme without 
involve any co-factor. This aldehyde was then converted into 
p-hydrobenzoic acid by p-hydroxybenzaldehyde 
dehydrogenase activity. Benzoic acids act as precursors and 
signal molecules in which its methyl ester activated defence-
related genes in nearby plants and in healthy tissue of the 
infected plant (Abd El-Mawla and Beerhues, 2002; Shulaev 
et al., 1997). 
In the flavonoid biosynthetic branch, trans-cinnamic acid 
was converted into 4-coumarate by cinnamic acid 4-
hydroxylase. It was catalyzed by 4-coumarate-CoA ligase to 
form 4-coumarate-CoA, followed by condensation of three 
units of malonyl-CoA by the first enzyme of the flavanoid 
pathway, i.e. chalcone synthase which produced naringenin 
chalcone (flavonone). Naringenin chalcone was converted 
into naringenin by the chalcone synthase and transformed 
into dihydrokaempferol after hydroxylated by flavonone-3-
hydroxylase. Dihydrokaempferol was then hydroxylated by 
flavanoid-3'-hydroxylase and converted into 
dihydroquercetin or hydroxylated by flavonoid-3'-5'-
hydroxylase to form dihydromyricetin.  Flovonol such as 
kaempferol was synthesized by flavonol synthase at this 
stage. Leucocyanidin was obtained when dihydroflavonol 
reductase reduced dihydroquercetin. Leucocyanidin was 
reduced by leucocycyanidin reductase to obtain (+) cetechin 
or reduced by anthocyanidin reductase to obtain (-) 
epicatechin (Gutierrez et al., 2017; Jiang et al., 2016). In the 
gallic acid biosynthesis, 3-dehydroshikimate was converted 
into 3,5-didehydroshikimate enzyme shikimate 
dehydrogenase. Then the latter compound spontaneously 
rearranged to gallic acid (Muir et al., 2011). The determined 
phenolic compounds in this study might be involved in the 
defense mechanisms of plants against fungal pathogen 
which also reported by other researchers (Cushnie and 
Lamb, 2005; Dixon and Paiva, 1995; Rodrigues et al., 2003). 
Beta-sitosterol is a plant sterol which play crucial roles in 
plant defense against pathogenic bacteria, fungi or insects 
(Harborne, 1991) and has been found accumulated in G. 
boninense infected leaf. Nusaibah et al. (2011) revealed that, 
β-sitosterol level was found higher in G. boninense infected 
oil palm seedling using GC-MS analysis. During the pathogen 
attack, the plant cell triggered plant defense response and 
initiates signaling events leading to enhanced expression of 
genes involved in sterol biosynthesis, leading to induction of 
stigmasterol (Wang et al., 2012). Catalization of squalene 
synthase was occurred in the first pathway‐specific reaction 
of the sterol branch of the isoprenoid pathway in eukaryotes 
in which two molecules of farnesyl diphosphate were 
converted into the linear C30 terpenoid squalene (Fig. S4). 
Then squalene was epoxidase into 2,3‐oxidosqualene 
through squalene epoxidase followed by formation of 
cycloartenol by cycloartenol synthase (Benveniste, 2004; 
Griebel & Zeier, 2010). A dual biosynthetic pathway in higher 
plants leading to phytosterols has been reported by Ohyama  
et al. (2009) after they determined lanosterol synthase 1 in 
Arabidopsis. They found that the main part of the metabolic 
flux occurs through cycloartenol whereas a minor part 
occurs through lanosterol and LAS1. Various enzymatic steps 
such as reductases, methyl transferases, demethylases, 
isomerases and desaturases are needed to convert 
lanosterol or cycloartenol to β‐sitosterol (Schaller, 

2004). Beta‐sitosterol was converted to stigmasterol by the 
cytochrome P450 CYP710A1 through C22 desaturation 
(Griebel and Zeier, 2010). The conversion of β‐sitosterol to 
stigmasterol that is caused by pathogen infection could be 
suggested the higher level of β‐sitosterol in infected leaf 
samples. Alpha-tocopherol or known as vitamin E is 
synthesized by photosynthetic organisms (Boubakri et al., 
2016). Several studies reported that the role of α-tocopherol 
as cell signalling in plant (Munne-Bosch et al., 2007). 
Jasmonic acid and methyl-jasmonate which act as inducers 
of disease resistance in plants were reported to modulate 
the endogenous tocopherol level in the tocopherol-
biosynthetic pathway (Antognoni et al. 2009; Gala et al. 
2005) (Fig. S5). It enhanced transcription of homogentisate 
phytyltransferase genes and p-hydroxyphenyl pyruvate 
dioxygenase which increase the production of tocopherol. 
Lastly, α-tocopheryl phosphate interacted with a receptor or 
transcription factor and modulated cell functions (Negis et 
al., 2006). This can be indicated that, the accumulation of α-
tocopherol in infected leaf is due to induce resistance of G. 
boninense infection. In contrast, sucrose, xylose and α-
glucose were decreased in oil palm leaf after infected with 
G. boninense at 30 dpi.  This can be indicated that, a part of 
the existence carbon assembled in carbohydrates is possibly 
diverted towards secondary metabolism. It also provides the 
essential energy to assist increased secondary compounds 
biosynthesis (Hendrawati, 2006). In addition, the reduce of 
carbohydrates amount after infection by pathogen could be 
related with a mechanism for lifted of nutrients to other 
non-infected parts of plants (Rosta´s et al., 2002). This is in 
agreement with other studies such as Chinese cabbage leaf 
infected Acholeplasma brassicae and Brasica rapa infected 
with pathogenic fungi which decreased the level of 
carbohydrates (Abdel-Farid et al., 2009; Rosta´s et al., 2002). 
 

Materials and methods 
 

Plant materials and sample preparation 
 

Plant materials used and preparation of samples were 
conducted  according to our previous work reported in 
detection of G. boninense infected oil palm leaf at 14 dpi 
(Isha et. al., 2019). Commercial DxP GH500 germinated 
seedlings of susceptible oil palm were purchased from Sime 
Darby Seeds & Agricultural Services Sdn. Bhd., Banting. A 
total of ten germinated seedlings (five untreated seedlings 
(control); five treated seedlings with G. boninese inoculated 
rubber wood blocks (RWBs)) were used in this study. RWBs 
of size 6 cm x 6 cm were applied as substrate for G. 
boninense and were prepared according to the methods 
described by Idris et al. (2006). Cultivation took place at the 
Transgenic Green House, Institute of Plantation Studies, 
UPM. Leaf samples were harvested at 30 dpi. Leaf samples 
were ground to the fine powder in liquid nitrogen, followed 
by freeze-drying using freeze dry system. Freeze-dried 
samples (150 mg) were extracted in 250 mL 80% 
commercial-grade methanol (methanol: water, 80: 20 v/v) 
(30 min, 40˚C) using sonicator. The residue was then re-
extracted twice following the same procedure. The 
supernatant was filtered and concentrated. The crude 
extracts obtained were stored at −80˚C for further analysis.  
 
1
H-NMR measurement and multivariate analysis 
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The 
1
H-NMR and J-resolved analysis were analyzed using a 

500 MHz Varian INOVA NMR spectrometer (Varian Inc., Palo 
Alto, CA, USA), functioning at a frequency of 499.887 MHz at 
room temperature (25˚C). The extraction procedures were 
performed according to our previous work (Isha et al., 2019). 
A 50 mg sample was dissolved in 0.75 mL of deuterated 
solvent (1:1 mixture) consisting methanol-d4 (99.8%; Merck) 
and potassium dihydrogen phosphate buffer (pH 6.0; Merck) 
in deuterium oxide (99.9%; Merck) that contained 0.1% 
trimethylsilylpropionic acid-d4 sodium salt (Merck). Then the 
mixture was vortexed (1 min) and ultrasonicated (20 min) at 
room temperature followed by centrifugation (10,000 rpm, 
10 min) to obtain a clear supernatant. The supernatant (0.6 
mL) was transferred to an NMR tube to perform

1
H NMR 

analysis. The resulting spectra were manually phased and 
baseline corrected using the Chenomx software (v.5.1, 
Alberta, Canada). The data file was imported to SIMCA-P 
software (v. 13.0, Umetrics, Umeå, Sweden) for multivariate 
data analysis. PCA was performed with Pareto scaling 
method. 
 
Conclusion 
 
The results showed that 

1
H NMR spectra of non-infected 

 and G. boninense infected leaf at 30 dpi exhibited 
differences which were discriminated and clustered into 
groups via PCA. A qualitative difference in plant compounds 
enhanced after infection. The increased levels of secondary 
compounds in plant–fungal interaction support their role in 
plant defence system. 
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