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ABSTRACT

Volatile compound is one of the key factors for aromatic components of rice. This study
aimed to identify the key aroma components and their relationship with plant productivity in
the Pare Bau variety mutant lines and its wild type. Volatile extraction was carried out using
the headspace solid-phase microextraction (HS-SPME) method and analysed by the Gas
Chromatography-Mass Spectroscopy (GC-MS) instrument. The results of the identification of
volatile compounds showed a total of 224 compounds in the mutant lines and wild type.
However, only 14 compounds were suspected as key aroma compounds in Pare Bau rice,
namely 2-Acetyl-1-pyrroline, Indole, 1-Octanol, 1-Octen-3-ol, 2,4-Nonadienal, (E,E)-,
Octanal, 2-Nonenal, (E)-, 2-Octenal, (E)-, Decanal, Hexanal, Nonanal, Furan, 2-pentyl-,
toluene and vanillin. The results on aroma compounds of mutant lines using principal
component analysis showed that there were differences in the main characteristics of
several strains and wild type. There was no relationship between increasing volatile
concentration and plant productivity, vice versa.
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ABSTRAK

Senyawa volatil merupakan salah satu faktor kunci sebagai komponen aromatik beras.
Penelitian ini bertujuan untuk mengidentifikasi faktor kunci sebagai komponen aroma dan
hubungannya dengan produktivitas pada galur mutan dan Pare Bau (genotipe tetua).
Ekstraksi senyawa volatil dilakukan dengan metode headspace solid-phase microextraction
(HS-SPME) dan dianalisis dengan instrumen Gas Chromatography-Mass Spectroscopy
(GC-MS). Hasil identifikasi senyawa volatii menunjukkan sejumlah 224 senyawa yang
terdapat dalam galur mutan dan genotipe tetuanya. Namun, hanya 14 senyawa yang diduga
sebagai senyawa aroma utama pada beras Pare Bau, yaitu 2-Acetyl-1-pyrroline, Indole, 1-
Octanol, 1-Octen-3-ol, 2,4-Nonadienal, (E,E)-, Oktanal, 2-Nonanal, (E)-, 2-Oktenal, (E)-,
Dekanal, Heksanal, Nonanal, Furan, 2-pentil-, toluen dan vanilin. Hasil analisis senyawa
aroma galur mutan dengan analisis komponen utama menunjukkan adanya perbedaan
karakteristik utama dari beberapa galur dengan genotipe tetuanya. Tidak terdapat hubungan
antara peningkatan konsentrasi senyawa volatil dengan produktivitas tanaman.

Kata Kunci: 2-AP, GC-MS, HS-SPME, padi aromatk, senyawa volatil
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INTRODUCTION

Aromatic rice is a popular high-quality
rice variety, each with a distinctive and
unique aroma. Aromatic rice varieties have
premium prices in local and international
markets due to their quality (Verma and
Srivastav  2017). The development of
aromatic rice in Indonesia can be
accomplished by adapting and improving
existing local aromatic rice varieties.

Most of the aromatic rice cultivated is
of high-quality texture and taste. Therefore,
farmers need to focus on the production of
higher-quality aromatic rice (Nagarajan et al.
2010). Indonesian aromatic rice has a soft
rice texture, late maturing, which is cultivated
in landrace area such as in the Toraja, one
of which is the Pare Bau variety.

The chemical composition of aromatic
rice is very complex, consisting of a wide
variety of volatle and non-volatile
compounds with various functions. About
300 volatile compounds have been identified
in rice (Wakte et al. 2017). Volatile organic
compounds are classified into several
classes, i.e. aldehydes, alcohols, terpenes,
and others (Dudareva et al. 2013). This
compound can be correlated with the quality
of rice such as aroma and taste. The aroma
of rice is highly dependent on genetic factors
(Routray and Rayaguru 2018).

There are several methods for the
extraction of volatile compounds, including
the Simultaneous Distillation Extraction
(SDE) method (Verma et al. 2018b), head
space solid-phase micro-extraction (HS-
SPME) (Gao et al. 2021), and supercritical
fluid extraction (SFE) (Verma et al. 2018a).
Currently, HS-SPME has been widely used
for the analysis of volatilie compounds in
foods and beverages such as bananas (Dou
et al. 2020), sponge cake (Garvey et al.
2020), and coffee (Abdelwareth et al. 2021),
due to its ease of use and sensitivity.
Furthermore, the combination of gas
chromatography-mass spectrometry (GC-
MS) is a hyphenated analysis technique that
is widely used to profile volatile compounds
in rice because it can separate and identify
different substances in test samples (Das et
al. 2014, Lim et al. 2018).

Multivariate analysis is a method that
simultaneously analyse all random variables
measured in each unit of experiment or

258

sampling (Yeater et al. 2015). Principal
component analysis (PCA), one of the
multivariate statistical approaches, divides
the data into two proportions to describe
comparisons and relationships between
variables and genotypes based on
percentage variability and correlation
(Hameed et al. 2019). It is a technique for
reducing the dimensions of a data set with
several interrelated variables (Jollife and
Cadima 2016). It is also useful in breeding
programs to select genotypes that are
superior in terms of agronomic properties
during rice milling

The purpose of this study was to
identify key aroma compounds and their
relationship with plant productivity in the
mutant lines M4 generation of Pare Bau,
induced by heavy ion beam irradiation
compared with its wild type. We predicted
that there is a significant effect of heavy
ion beam to volatile compound of aromatic
rice.

MATERIALS AND METHODS

Location and time

Analysis of volatile compounds was
conducted at the Laboratory Flavour and
Sensory Evaluation, Indonesian Institute for
Rice Research, Sukamandi, Subang
Regency from September to October 2020.

Materials

Equipment used in this experiment
were a set of head space solid-phase
micro-extraction (HS-SPME), a set of gas
chromatography-mass spectrometry (GC-
MS) tools, a flour-making machine, and an
analytical balance. The materials used
were grain samples of 10 M4 mutant lines
of aromatic Pare Bau rice and its wild type,
which were harvested after planting from
December 2018 to June 2019 in Buntu
Limbong Village, Gandang Batu Sillanan
District, Tanah Toraja Regency, and
located at altitude of 898 m above sea
level (03°13'765” S; 119°52'745” E).
Mutant lines of aromatic rice derived from
‘Pare Bau’ which was generated by the
treatment of heavy Ar-ion beam irradiation
(Okasa et al. 2021a, Okasa et al. 2021b,
Okasa et al. 2022). These mutants were
selected for early heading and high yield
characters component for M4 generations.



Methods

Rice from each of the mutant line and
wild type were floured using a flour-making
machine. Sample of 5 g rice flour was shifted
into GC vials and wrapped in light excluding
sachets of aluminium foil to minimize light-
induced enzymatic reactions, odour
contamination, and stored at 4°C till further
analysis.

Extraction of volatile compounds

The volatile compounds from rice lines
were extracted using the HS-SPME. A
sample of 5 g grains was weighed into a 20
mL vial and placed in a tightly closed
septum. The samples were heated at 50 °C
for 30 min and then kept at room
temperature for 10 min. Then SPME fibres
were inserted into the septum for 30 minutes
at 90 °C.

GC-MS analysis

GC combined with MS was used to
perform GC-MS analyses. The separation of
the volatile compounds of rice lines was
carried out using a DB-Wax capillary column
(30 m x 250 pum x 0.25 pum). After extraction,
the fibre was desorbed into the GC injector
port for 5 minutes at 250 °C in split-less
mode. The oven temperature was initially
held at 40 °C, then increased to 120 °C at 28
°C/min. Then, increased to 200 °C at 5
°C/min, then increased to 230 °C with level
of 8 °C/min. The mass scan range (m/z) was
29-550 amu.

Identification and quantification

Volatile compounds were identified by
comparing the mass spectra of the
compounds and the retention indices (RI)
with the database of the National Institute of
Standards and Technology (NIST Library,
Gaithersburg, MD, USA), Wiley7n.1
(Hewlett-Packard, Palo Alto, CA) and
literature study.

The GC-MS post-run software was
used to determine the peak areas. The peak
alignments were accomplished by comparing
their retention time and mass fragments.
Subsequently, for the statistical analysis,
commonly existing peaks in all 12 samples
were selected and imported to generate a
data set.
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Productivity

Harvesting was conducted when the
panicles turned vyellow and hardened.
Harvest was done on the whole grain yields
in non-destructive pots. Productivity (ton ha
1) was weighed at the end of field experiment
after being dried to reach a moisture content
of 12%.

Statistical analysis

Data analysis was performed to
identify significant differences between
groups of samples, to identify compounds
that contributed significantly to the observed
differences. The obtained data sets were
analyzed using principal component
analysis (PCA) using  standardized
Peatherson data collection method, to avoid
increasing the impact of variables with
higher responses, and higher probability of
variance.

RESULTS AND DISCUSSION

This study obtained 11 lines of mutant
and wild type; each had different aroma
content of volatile compounds. Based on
the data on the results of volatile
compounds between the lines and the wild
type (Table 1), it was found that 14 volatile
compounds were suspected as aroma
markers of the samples, i.e. -Octen-3-ol,

Table 1. Volatile compounds in M4 generation
mutant lines of aromatic rice

No Compound Type
1 2-Acetyl-1-pyrroline Nitrogen
2 Indole Nitrogen
3 1-Octanol Alcohol
4 1-Octen-3-ol Alcohol

5 2,4-Nonadienal, (E,E)- Aldehyde
6 Decanal Aldehyde
7 Octanal Aldehyde
8 2-Octenal, (E)- Aldehyde
9 Nonanal Aldehyde
10 2-Nonenal, (E)- Aldehyde
11  Hexanal Aldehyde
12 Toluene Phenol
13 Vanillin Phenol
14  Furan, 2-pentyl- Heterocyclic
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2,4-Nonadienal, (E,E)-, Octanal, 2-Nonenal,
(E)-, 2-Octenal, (E)-, Decanal, Hexanal,
Nonanal, Furan, 2- pentyl-,toluene and
vanillin (Mathure et al. 2014, Setyaningsih
et al. 2019). The aroma in rice is obtained
from volatile compounds which are the
result of the synthesis of different
biochemical pathways.

Based on the literature study, we grouped
those 14 important volatile compounds that are
assumed to be contributed to the aroma in Pare
Bau rice lines from 224 volatile compounds
detected (data not shown). The aroma
component compounds were 2-Acetyl-1-
pyrroline, Indole, 1-Octanol, 1-Octen-3-ol, 2,4-
Nonadienal, (E, E)-, Octanal, 2-Nonenal, (E)-, 2-
Octenal, (E)-, Decanal, Hexanal, Nonanal,
Furan, 2-pentyl-, toluene and vanilin. The
concentration values of each volatile compound
are expected to affect the aroma of rice (Table
1).

Nitrogen compounds

Nitrogen group compounds (Figure 1),
namely 2-AP compounds are compounds that
are considered the main component of aroma
in rice. Compound 2-AP is not formed in the
cooking process or other postharvest
processes, but this compound is formed during
the planting period. The 2-AP compound is
described by Americans as a popcorn-like
aroma, and by Asians, it is described as a
pandan-like aroma (Verma and Srivastav

2020). The content of 2-AP can be affected by
the degree of grinding, packaging, and
temperature, whereas a low degree of grinding
can increase the amount of 2-AP, while high
storage temperature will decrease the content
of 2-AP (Rakhmi et al. 2013). This compound is
an indicator in aromatic rice that can be used to
distinguish between aromatic and non-aromatic
rice.

Based on the results of the study, all lines
had a 2-AP compound content higher than the
wild type, except for the PB-A.7.1.30 line which
didn’'t have a 2-AP compound. The presence or
absence of 2AP compounds in rice is caused
by the activity of the BADH2 enzyme. If the
BADH2 enzyme is active, then this enzyme can
convert GABAId into -aminobutyric acid
(GABA). Conversely, if the BADH2 enzyme is
inactive, GABAId will undergo acetylation
(addition of an acetyl group) to form 2-acetyl-1-
pyrroline (Bradbury et al. 2005). The BADH2
enzyme will be active when there is a dominant
badh?2 allele that codes for the enzyme. This is
in accordance with the opinion of Chen et al.
(2008) which states that the BADH2 amino acid
encoded by the Badh2 gene will inhibit 2-AP
biosynthesis by converting AB-ald (the
presumed precursor of 2AP) to GABA, whereas
the absence of BADH2 due to the allele
malfunctioning  badh2 results in the
accumulation of AB-ald and thereby alters the
pathway to 2-AP biosynthesis.

Another nitrogen group compound that

Nitrogen Compund
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Figure 1. Concentration of nitrogen-containing compound of aromatic rice lines and wild type
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also plays a role in the aroma of rice is indole
compounds which are synthesized from the
shikimic acid pathway. PB-A.6.1.12 line has
highest concentration in 2-AP and Indole
compound. In addition to causing the aroma of
rice, this compound also functions as a
biological agent (Erb et al. 2015). According
to Kaiser (2006), indole compounds even at
low concentrations can emit floral or fruity
and herbaceous aromas. The two
compounds were selected as the rice aroma
index in the nitrogen compound group. The 2-
AP compound is not the only standard for
distinguishing between aromatic and non-
aromatic rice. In addition to 2-AP, several
alcohols, aldehydes, phenol-containing and
heterocyclics compounds also play an
important role in the aroma quality of rice.

J Bioteknol Biosains Indones —Vol 9 No 2 Thn 2022

Alcohol compounds

Alcohol group compounds (Figure 2)
such as 1-Octanol which has a fruity aroma
(Setyaningsih et al. 2019), and 1-Octen-3-ol
which has a mushroom aroma (Wang et al.
2021) are volatle compounds that are
thought to contribute to the aroma character
of rice. The result showed that PB-A.6.1.12
had the highest concentration of 1-Octanol,
while  PB-A6.1.9 had the highest
concentration of 1-octen-3-ol. The 1-Octen-3-
ol compound is a product of lipid oxidation,
which is derived from the lipoxygenase
activity of the linoleic acid precursor.

Aldehyde compounds
The aldehyde compounds (Figure 3) that
are expected to play a role in the aroma of rice
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Figure 2. Concentration of alcohols compound of aromatic rice lines and wild type
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Figure 3. Concentration of aldehydes compound of aromatic rice lines and wild type

Aldehyde Compund

m 2 4-Nonadienal, (E,E)-
m QOctanal
2-Nonenal, (E)-

261



Volatile Compound Analysis of Aromatic... Riadi et al.

are 2,4-Nonadienal,
Nonenal (E)-, 2-Octenal, (E)-, Decanal,
Hexanal, and Nonanal compounds. The
compound 2,4-decadienal, (E,E)- has a
fatty and waxy aroma (Chen et al. 2009).
Meanwhile, decanal compounds have a
citrus aroma (Mathure et al. 2014).
Hexanal is a short-chain aldehyde
compound that is produced from the
breakdown of lipids. The presence of
hexanal has been used to determine off-
flavor in rice only high concentration
(Yuan et al. 2022). During storage (E)-2-
nonenal (rancid), octanal (fatty), and
hexanal (green) will increase the off-

(E,E)-, Octanal, 2-

flavors aroma which is not

consumers.

liked by

Phenol and heterocyclic compounds

Phenol group compounds (Figure 4) that
are thought to contribute to the aroma of rice
are Vanillin and Toluene. Vanillin compounds
are also found in cooked black rice and
contribute to the aroma (Choi et al. 2018).
According to Ocan et al. (2020), one of the 3
important components of aroma in rice is
Toluene. The heterocyclic compound (Figure
5) thought to play a role in the aroma of rice is
Furan, 2-penthyl-. Furan, 2-penthyl- compound
has a nutty aroma (Widjaja et al. 1996).
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Figure 4. Concentration of phenol-containing compound of aromatic rice lines and wild type
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Figure 5. Concentration of aroma compound of aromatic rice lines and wild type
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Principal component analysis

Principal component analysis was
used to determine the volatile compounds
which in this case were related to the
dominant aroma in each line and the
grouping of the lines based on the similarity
of the volatile compound content. Both PCs
accounted for the total diversity of 69.77%.

Figure 6 shows the distribution of rice
samples based on the aroma component of
the sample. Volatile components with large
variations were represented as long
vectors, while volatile components with
small variations were represented as short
vectors. In Figure 2, it can be seen that the
longest line was the 2-AP compound. This
indicates that there is a large diversity in the
group of compounds.

The volatile compounds that have the
shortest vectors were octanal and hexanal,
so it can be assumed that these two
compounds have small data variations. The
highest hexanal and octanal concentration
values were lines PB-A.6.1.12 and PB-
A.5.3.45, while the lowest were lines PB-
A.6.1.13 and PB-A.7.1.30, respectively.

-0,4
6 —_

-0,3
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Differences in compound composition
between lines were thought to be influenced
by genetic differences, given the irradiation
treatment on these plants. Genetic
differences will affect the formation of
enzyme precursors and aroma-forming
activity (Reineccius 2006).

In addition, information that can be
obtained from the principal component
analysis is the closeness between the lines
where the lines that are located close
together or in the same quadrant have
similar characteristics on certain variables.
Quadrant | showed that the lines PB-
A.5.3.45 and PB-A.6.1.12 had a similar
pandan aroma. This shows that the line has
more specific characteristics than the 2-AP
variable. The total content of these lines
tends to be higher than the other lines.
While the lines that had a similar aroma to
the wild type were PB-A.7.1.30 and PB-
A.7.1.41, the characteristic aroma of the
three samples was not yet known.

A line that is located in the same
direction as a variable can be said to have an
above average value. On the other hand, a

0,1 0,2 0,3 04

uran, 2-pentyl-

0,5

<Acetyl-1-pyrroline

PC2 (16.0%)

lexanal

-Nonenal, (E)
® PB-A.6.1-13

PB-A.6.1-1
PB-A8.1-5@

PB-A.12.2-110 ®® PB-,

PB-A.5.3-36
Wild type ®

PB-A.7.1-41 ®

PB-A.7.1-30 ®

®PB-A6.1-9

PC1 (53.7%)

Figure 6. PCA biplot volatile aroma compound 11 lines irradiated by heavy ion beam and Pare Bau (wild type)
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line that is located opposite the direction of a
variable can be said to have a below-average
value. Wild type has opposite direction vector
with the volatile compound of 2-AP. So, it can
be argued that the concentration of compound
2-AP in the wild type of these variables is
below the average value.

Biplot can also explain the correlation
between the volatile compound variables of
aroma. The correlation between variables is
indicated by the direction of the line on the
biplot graph, the positive correlation is
indicated by the direction of the line in the
same direction. The closer or smaller the
angle of the variable line, the stronger the
correlation. It shows that several volatile
compounds of the aroma have line graphs
that are close together and coincide, i.e., 2
Acetyl pyrroline and 2-Octenal (E), indole and
vanillin, 1-octanol and octanal, and hexanal
and furan 2-penthyl. This shows that the
pandan aroma is very close to the nutty
aroma.

A correlation of the number of lines to
the grouping of productivity and volatile
compounds in the M4 generation mutant line
of aromatic rice is presented in Figure 7. In this
study, there was no relationship between
increasing volatile concentration and plant
productivity. The research of Kibria et al.
(2008) explained that there was a significant
negative correlation between rice production
and the content of 2-AP compounds. This is

because aromatic rice is generally very
sensitive to abiotic stresses and has high
disease resistance. This is thought to be
caused by a lack of resistance genes, low
GABA content, and malfunctioning of the
BADH2 gene. This result is supported by
research of Sansenya et al. (2017) where the
gamma irradiation treatment increases the
concentration of 2-AP compounds in the Thai
aromatic local rice strain compared to wild

type.
CONCLUSION

There are 14 components of volatile
compounds that are thought to act as aroma
characterizing compounds in the strain. The
results of data on the aroma component of
mutant lines using principal component
analysis showed that there were differences
in the main characteristics of several lines
and wild types. In this study, there was no
relationship between increasing volatile
concentration and plant productivity.
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