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Abstract
Pigmented rice is known to have nutritional and bioactive compounds which 
commonly concentrated in the bran layers. Solid-state fermentation is known 
to enhance the bioactive compounds of rice bran. The study aims to identify 
fermented rice bran’s volatile compounds and aroma attributes from some 
pigmented rice (Inpari 24, Saodah, Cempo Ireng and Jeliteng). The rice brans 
were sterilized at 121oC for 15 minutes and produced non-fermented rice 
bran and some of them were fermented for 72 hours at 30ºC using Rhizopus 
oligosporus. Both non-fermented and fermented rice brans were analysed 
using solid-phase microextraction-gas chromatography/mass spectrometry 
(GC/MS) and qualitative descriptive analysis (QDA). The result showed 
that a total 114 of volatile compounds were identified from fermented and 
non-fermented rice bran. They consisted of 14 aldehydes, 12 ketones, 14 
alcohols, 15 hydrocarbons, 8 acids, 23 esters, 9 benzenes, 5 phenols, 6 
furans, 2 lactones, 1 monoterpene, 1 sesquiterpene, 1 thiazole, 1 pyrazine 
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and 1 pyridine. The aroma attributes of fermented rice brans obtained by 10 
trained panellists in QDA were sweet, caramel, vanilla, grass, milky, fatty, 
nutty, smokey, rancid, acid, cereal, pungent, earthy and fermented. The non-
fermented rice bran has the same aroma as the corresponding fermented 
rice bran except fermented aroma. Furthermore, Pearson’s correlation test 
has resulted in several positive correlations between GC-MS results and 
QDA. These studies indicated that fermented rice bran might increase the 
volatile compound of rice bran; thus, it may provide opportunities to develop 
the production of fermented rice bran as a functional ingredient.

Introduction
Rice is one of major food in the world, and it has some 
varieties. Appearance-wise, there are pigmented 
and non-pigmented rice. The characteristics 
between pigmented and non-pigmented rice are 
differentiated by the bran. Pigmented rice contains 
anthocyanins in the aleurone (bran layers) as the 
pigment colorants, have functions as antioxidants 
and a higher nutritional content than non-pigmented 
rice.1 Indonesia has hundreds of rice varieties, both 
pigmented and non-pigmented. Inpari 24 (red rice) 
and Jeliteng (black rice) are improved pigmented 
rice varieties released by the Indonesian Agency for 
Agricultural Research and Development.2 Saodah 
(red rice) and Cempo Ireng (black rice) are local 
rice varieties in Yogyakarta Province.3,4 Pigmented 
rice contains bioactive compounds such as phenolic 
acids, flavonoids, anthocyanins, proanthocyanidins, 
tocopherols, tocotrienols, c-oryzanol and phytic 
acid.1 The bioactive compound composition  
of pigmented depends on the cultivar (genetic), 
environment, cultivation practices, postharvest and 
processing.1

Over the years, aroma has become one of consumer 
preference for rice.5 Volatile compounds play a key 
role in aroma formation in rice bran (RB) and are 
usually identified using gas chromatography-mass 
spectrometry (GC-MS). The volatile compound  
of RB consists of esters, alkanes, alcohol, ketones 
and aldehydes.6 Acid and aldehydes, especially 
hexanal and nonanal in high amount, are thought to 
form rancid aroma in RB because of lipid degradation 
reactions compounds.6,7 Our research have showed 
that the dominant volatile compounds of black 
RB were 2-furanmetanol, hexanal, naphthalene,  
1R-α -pinene, and 4-ethenyl-2-methoxyphenol, while 
for non-pigmented RB, they were 2-furanmetanol, 
nonanal, methyl tetradecanoate, phenol and 

4-ethenyl-2-methoxyphenol; they produced burnt, 
nutty, fatty and pungent aromas.8

Solid-state fermentation (SSF) is one of the 
fermentation techniques that can increase the 
content of bioactive components in foods9-11 and is 
thought to cause the reduction of lipid oxidation in 
RB. SSF using Rhizopus oryzae resulted in higher 
total phenolic content and antioxidant activity of 
Inpari 30 and Cempo Ireng RB; it also reduced 
the hexanal content due to hydrolases production 
during the fermentation process, which are 
responsible for the degradation of polysaccharides, 
oxidative and extracellular ligninolytic systems.8,12  
SSF also increased the content of chlorogenic acid, 
p-hydroxybenzoic acid and vanillin, which gives the 
vanilla flavour in the bran.13

Identification of volatile compounds in some 
varieties of fermented Indonesia RB has been 
examined using GC-MS.8 The developments of such 
studies are needed to expand our previous study8  
and enhance the knowledge of volatile compounds 
as well as aroma profiles of Indonesian pigmented 
RB varieties. Thus, the objective of these studies 
was to identify the volatile compounds and aroma 
profiles that are responsible for the flavour attributes 
of fermented RB from pigmented rice varieties—
Saodah, Inpari 24 (red rice), Jeliteng and Cempo 
Ireng (black rice)—using GC-MS and qualitative 
descriptive analysis (QDA) methods.

Materials and Methods
Rice Bran Preparation
The samples used in this study were red paddies 
(Saodah and Inpari 24 varieties) and black paddies 
(Cempo Ireng and Jeliteng varieties); they were 
obtained from farmers in Bantul and Sleman 
Regency, Yogyakarta, Indonesia. RB preparation 
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 was done based on previous study3 with modification. 
Rice paddy was de-hulled using LM 24 to obtain 
brown rice. All samples were then polished using 
ICHI N50 resulting RB. RB samples were sterilized 
using an autoclave at 121oC for 15 minutes and 
stored at 5oC.The samples were divided into a  
non-fermented group: Inpari 24RB (Inp24NF), 
Saodah (SaodahNF), Cempo Ireng (CINF) and 
Jeliteng (Jeliteng NF), and a fermented group: Inpari 
24 RB (Inp24F), Saodah (SaodahF), Cempo Ireng 
(CIF) and Jeliteng (JelitengF).

RB Fermentation
Rhizopus oligosporus with code 6010 was purchased 
from the Center for Food and Nutrition Studies, 
Universitas Gadjah Mada, Yogyakarta, Indonesia. 
Culture preparation and fermentation method refer 
to the previous study8 with a slight modification. 
R. oligosporus was inoculated with the pour plate 
method on potato dextrose agar (PDA). Fermented 
and non-fermented RB were dried using a freeze 
dryer (VirTis, SP SCIENTIFIC BenchTop Pro) for  
2 days before further analysis.

Sample Extraction
HS-SPME method was used for sample extraction 
according to the prior study14 with modification. 
Briefly, 2cm of DVB/CAR/PDMS, 50/30 μm fibre 
(SUPELCO Bellefonte, PA USA) with 2,4,6-trimethyl 
pyridine as internal standard were used for the 
extraction. Three grams (±0.1 g) of the sample 
were put in a 22 mL headspace vial and sealed with  
Septa PTFE/Silicon septum. The sample was 
immersed in a water bath at 80oC and then extracted 
with DVB/CAR/PDMS, 50/30 μm fibre for 30 minutes. 
The fibres were removed from the vial and injected 
into the GC-MS injector at desorption for 10 minutes 
at 250oC in splitless mode.

Volatile Compound Identification
The identification of volatile compound in RB was 
done using GC-MS (GC Agilent Technologies  
7890 A, MS Agilent 5975 C with triple exist detector 
XL EI/CI) that was equipped with a splitless 
mode injection port at 250oC. DBWax capillary 
column (30 m×0.25 mm×0.25 μm film thickness;  
Agilent Technologies) was used with a mass  
detector (TSQ Quantum XLS). The detector 
temperature was programmed at initial temperature 

of 40ºC for 5 minutes, which was then increased 
to 110ºC with 5ºC/min speed and then increased 
again to 230ºC at a speed of 8ºC/min; finally, it was 
maintained for 5 min. Interface area temperature 
was set at 250ºC. Helium is used as a carrier gas 
at a rate of 0.8 mL/min.

Evaluation of Aroma Attributes
QDA was used to evaluate the aroma attributes  
in RBs. The analysis was performed by 10 panellists 
(7 females and 3 males) who were trained based 
on ISO 8586-2012. Before evaluation, all panellists 
supplied an informed consent letter. The training 
was held 3 times (3 hours/time) with a final 
evaluation. Qualitative analysis was carried out 
by focus group discussions to obtain subjective 
data on the description of the aroma of fermented 
and non-fermented RB. Eight samples with trivial 
code consisting of fermented and non-fermented  
RB powder from four different varieties were 
presented individually to avoid bias during testing. 
Three-gram samples were served in odourless 
glasses at room temperature. The trained 
panellists provided an assessment of the aroma 
attributes present in the RB samples. Furthermore,  
the panellists were asked to inhale the aroma of the 
sample for 5 seconds and then neutralized it with the 
aroma of coffee and drink mineral water.15

Data Analysis
The results obtained were processed by principal 
component analysis (PCA). The PCA results were 
visualized in the form of a biplot graphic using 
XLSTAT 2021 software. The correlation of RB volatile 
compound and aroma attributes from GC-MS and 
QDA were analysed using Pearson’s correlation with 
XLSTAT 2021.

Result and discussion
Volatile Compounds of Rice Bran
A total of 114 compounds were identified from 
GC–MS analysis in fermented and non-fermented 
RB; they consisted of 14 aldehydes, 12 ketones, 
14 alcohols, 15 hydrocarbons, 8 acids, 23 esters, 
9 benzenes, 5 phenols, 6 furans, 2 lactones,  
1 monoterpene, 1 sesquiterpen, 1 thiazole,  
1 pyrazine and 1 pyridine (Figure 1). The identified 
volatiles and their relative peak areas in the 
respective variety are summarized in Table 1.
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Fig. 1: Volatile compounds of fermented RB: Inpari 24 RB (Inp24F), Saodah (SaodahF), Cempo 
Ireng (CIF), and Jeliteng (JelitengF), and non-fermented RB: Inpari 24 (Inp24NF), Saodah 

(SaodahNF), Cempo Ireng (CINF), Jeliteng (Jeliteng NF)

Volatile compounds in RB are probably composed 
of the original compounds, the compound resulting 
from the Maillard reaction due to the sterilization 
process and the compound resulting from the 
fermentation. The original compounds in RB were 
hexanal; heptanal; octanal; nonanal; benzaldehyde; 
(3E)-oct-3-en-2-one;2,6,6-trimethyl-2-cyclohexene-
1,4-dione; (5Z)-6,10-dimethylundeca-5,9-dien-
2-one; 1-(1H-pyrrol-2-yl)ethan-1-one; oct-1-
en-3-ol; octan-1-ol; 3,7-dimethylocta-1,6-dien-
3-ol; phenylmethanol; 1,2-dimethylbenzene; 
tetradecane; pentadecane; acetic acid; butanoic 
acid; hexanoic acid; octanoic acid; phenol; 
2-pentylfuran; 2,3-dihydro-1-benzofuran; (3R)-3,4,4-
trimethyloxolan-2-one; (4R)-1-Methyl-4-prop-1-en-2-
ylcyclohexene (d-limonene) and naphthalene.5,19,49,50

The RBs might be subjected to the Maillard reaction 
and lipid oxidation might due to heat treatment, 
which is the sterilization process in this study.19  
In the Maillard reaction, the sugar’s reactive carbonyl 
group combined with the nucleophilic amino group 
of acid and formed new volatile compounds.51 

Reaction between amino acids and carbohydrates 
in Maillard reaction were reported to form pyrazines 
such as 2-methyl-5-[(E)-prop-1-enyl]pyrazine, 
which contributed in roasted and green aroma.52,53  
Heat treatment also allegedly formed vanillin and 
furfural, due to thermal degradation of ferulic 
acid and sugars, respectively.19 4-ethenyl-2-
methoxyphenol was also reported to be derived 
from thermal decarboxylation of ferulic acid in RB.54

There were 20 volatile compounds that could have 
been formed during the fermentation process—
as they were only found in fermented RB—as 
shown in Figure 2. They are oct-2-enal, (E)-
;(3Z)-pent-3-en-2-one; 6-methyl-3, 5-heptadiene-
2-one; 3-methylbutan-1-ol;butane-2,3-diol;  
pyr id in-3-y lmethano l  (n ico t iny l  a lcoho l ) ; 
methyl hexanoate; methyl (E)-2-hexenoate; 
m e t h y l  o c t a n o a t e ;  e t h y l  d o d e c a n o a t e ;  
methyl pentadecanoate; methyl (9Z)-hexadec-
9-enoate; ethyl (E)-hexadec-9-enoate; butyl 
hexadecanoate; ethyl octadecanoate; methyl 
(9Z,12Z,15Z)-octadeca-9,12,15-trienoate (methyl 
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linolenate); dihydro-3-hydroxy-4, 4-dimethyl-2(3H)-
furanone; 2,3-dimethylpyridine and 2-methyl-5-[(E)-

prop-1-enyl]pyrazine. This proved that fermentation 
might produce more volatile compounds in RB.

Fig. 2: Venn diagram of fermented and non-fermented RB volatile compounds. Code of 
compounds were shown in Table 1

Esters were reported as the major volatiles 
constituent in fermented RB. The major esters 
compounds identified in the fermented RB were 
methyl palmitate, 9-octadecenoic acid, methyl ester, 
(E)- and ethyl hexadecanoate. Those compounds 
are responsible for waxy, fatty and oily odor44  
and were increasing due to the fermentation 
process. Esters mostly are formed by esterification 
between acids and alcohols during fermentation.55 

The second most common substances in fermented 
RB were alcohols. Among them were the contents 
of butane-2,3-diol, 3-methylbutan-1-ol and 
phenylmethanol. Butane-2,3-diol is thought to 
provide a characteristic of buttery and creamy 
aroma, and is formed from glucose catabolism via 
the glycolysis pathway.56,57 Phenylmethanol is known 
to be formed from the reduction of benzoic acid 
assisted by microorganisms.58 Similar to 3-methyl-
3-butanal, phenylmethanol tends to increase in 
RB treated with fermentation due to the metabolic 
activity of microbes that form in RB through  
the glycolysis pathway.

A m y l  a l c o h o l s  ( 3 - m e t h y l b u t a n - 1 - o l a n d 
2-methylbutan-1-ol) have fermented and malt-
like odour notes.48 These are also detected in 
other fermented rice such as makgeolli (Korean 
rice wine).48 Another alcohol compound that was 

identified in fermented RB is 2-phenylethanol;  
it is thought to have a slightly rose floral scent.59 
The formation of 2-phenylethanolmight be from 
hydrolysis of phenylethyl ester and phenylethyl 
acetal.60

In the group of aldehydes, hexanal, nonanal and 
benzaldehyde were the compounds with the 
highest relative peak areas found in fermented RB.  
These three compounds tend to increase compared 
to non-fermented RB. Saturated aldehydes such as 
hexanal and nonanal might be formed by linoleic acid 
(C18:2) oxidation as one of the main fatty acids in 
RB. Linoleic acid might be oxidized to form 9-OOOH 
and 13-OOOH hydrogen peroxides, which are further 
degraded to form saturated aldehydes such as oct-
2-enal and hexanal.61 Hexanal allegedly contributed 
to grass, tallow and fat aroma; meanwhile, nonanal 
might have contributed to green, fat and citrus 
aroma. Benzaldehyde may be the odour-active 
compounds in RB.6 The content of amino acids in RB 
such as valine, isoleucine, leucine and phenylalanine 
can be transformed into Strecker aldehydes, 
leading to 2-methylpropanal, 2-methylbutanal, 
3-methylbutanal and phenylacetaldehyde, which is 
also the most effective precursor for the production 
of benzaldehyde.7,62 Benzaldehyde is responsible 
for giving the nutty and almond aroma.44
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In addition, other aldehydes found in fermented 
rice bran in relatively low peak areas include 
heptanal, octanal, (2E)-hept-2-enal, oct-2-enal, 
furfural, decanal, non-2-enal, benzeneacetaldehyde, 
3-methylbenzaldehyde and vanillin. Furfural, 
which provides bread, almond and sweet aroma,44  
was derived from the thermal degradation of sugars 
such as fructose and glucose.63 Unsaturated 
aldehydes such as (2E)-hept-2-enal, oct-2-enal 
and non-2-enal are the products of linoleic acid 
oxidation that provides fat and green, nut and fat 
aroma, respectively.44,61 Non-2-enal and hexanal 
were also reported to cause rancid defects in virgin 
olive oil.64 Benzeneacetaldehyde was found in all 
varieties of non-fermented RB, while in fermented 
RB, it was only identified in Jeliteng, and the 
content tends to increase due to the fermentation 
process. Benzeneacetaldehyde may be formed 

from phenylalanine precursor.7 Vanillin, which gives 
vanilla aroma, originates from lignin degradation 
in aerobic conditions and might be formed by the 
thermal degradation of ferulic acid.19

Naphthalene was the highest content of hydrocarbon 
that was found in RB. The relative peak areas 
of naphthalene which contributed to camphor  
wood-like aroma tends to increase due to 
fermentation. In other prior research, naphthalene 
was also found to be an odour-active compound in 
red and black rice.6

Principle Component Analysis (PCA) of Volatile 
Compounds in RB
The PCA biplot of volatile compounds in fermented 
and non-fermented RB is shown in Figure 3.

(a)

(b)
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Fig. 3: Principal Component Analysis (PCA) biplot of: a) non-fermented RB, b) fermented RB, c) 
fermented and non-fermented RB. The variable descriptions were referred to their corresponding 

compound in Table 1

(c)

Fig. 4: Summary of major volatile compounds (ppb) of Inpari 24 non-fermented (Inp24NF); Inpari 
24 fermented (Inp24F); Saodah non-fermented (SaodahNF); Saodah fermented (SaodahF); Cempo 
Ireng non-fermented (CINF); Cempo Ireng fermented (CIF); Jeliteng non-fermented (JelitengNF); 

and Jeliteng fermented (JelitengF).
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PCA was used to analyse the grouping of fermented 
and non-fermented RB in all varieties and to 
determine the volatiles characteristic in each group. 
The data variation (F1 and F2) of non-fermented, 
fermented and RB groups were 82.15%, 87.08% 
and 72.11%, respectively (Figure 3). Figure 3a 
showed that non-fermented RB variety Cempo 
Ireng, Inpari 24 and Saodah were grouped together 
with hexadecanoic acid (Ac6), methyl palmitate 
(Es13), (4R)-1-methyl-4-prop-1-en-2-ylcyclohexene 
(d-limonene) (Mt1), benzaldehyde (Al9), nonanal 
(Al5) and octanal (Al3) as the dominant compounds, 
while Saodah was dominated with ethanol (Ol1). 
The result of fermented RB is shown in Figure 
3b. Saodah and Inpari 24 RB were dominated 
by methyl palmitate (Es13), 9-octadecenoic acid, 
methyl ester, (E)- (Es19), butane-2,3-diol (Ol10), 
ethyl hexadecanoate (Es15) and ethanol (Ol1), while 
Jeliteng and Cempo Ireng had the higher amount 
of (4R)-1-methyl-4-prop-1-en-2-ylcyclohexene 
(d-limonene) (Mt1), hexadecanoic acid (Ac6), 
2-methoxyphenol (Ph1) and naphthalene (Hc5). 

Cempo Ireng and Jeliteng might be in a group since 
they have the same pigment: black rice. Figure 3c 
showed the PCA of fermented and non-fermented 
RB. Fermented RB of Inpari 24, Saodah and Cempo 
Ireng were grouped together and their dominant 
compounds were methyl palmitate (Es13), methyl 
(E)-octadec-9-enoate (Es19), butane-2,3-diol 
(Ol10) and ethanol (Ol1) which contribute to oily, 
waxy, fatty, orris, fruity, creamy, buttery and sweet 
odours. Meanwhile, fermented Jeliteng was in the 
same group with all non-fermented RB. This group 
was characterized by higher amount of (4R)-1-
methyl-4-prop-1-en-2-ylcyclohexene (d-limonene) 
(Mt1), hexadecanoic acid (Ac6), nonanal (Al5), 
naphthalene (Hc5) and benzaldehyde (Al9), which 
provided lemon, orange, green, fat, champor wood-
like and almond aroma.

The dominant aroma of fermented RB were esters, 
especially methyl palmitate; ethyl hexadecanoate; 
9-octadecenoic acid, methyl ester; ethyl (9Z)-
octadec-9-enoate and methyl octadeca-9,12-
dienoate (Figure 4). Esters were formed by the 
esterification of acids and alcohol, and provide fruity 
and floral notes.55 Therefore, JelitengF had the lowest 
relative peak areas of esters due to a few numbers of 
alcohols. The relative peak areas of esters might be 
affected by sugar content of RB, yeast strains, the 

temperature of fermentation and aeration.48 Alcohols 
that dominated the fermented RB were ethanol; 
2-methylpropan-1-ol; 3-methylbutan-1-ol; butane-
2,3-diol and 2-phenylethanol. Alcohol in fermented 
RB might be derived by sugar fermentation or 
amino acids catabolism, so the content of alcohol in 
fermented RB might be differed by sugar and amino 
acid availability.65 Other compounds that dominated 
fermented RBs were hydrocarbons. Tetradecane, 
pentadecane and naphthalene were the most 
abundant hydrocarbons contained in fermented 
RBs. Even so, it might have a little contribution on 
RB aroma because generally hydrocarbons have 
high threshold values.66 Acids also became one of 
main compounds in fermented RB. Prior study stated 
that acid was the most abundant volatile oil in red 
and black rice and tends to provide an unpleasant 
aroma.50 In this study, the relative peak areas of 
acids were relatively lower than other compounds 
such as esters and phenols. The differences might 
be affected by the degree of oxidation.6 RBs used in 
this study were fresh so the level of oxidation could 
be minimized and result in a lower level of acids. 

QDA of Aroma Attributes
Aroma attributes of fermented and non-fermented 
RBs from each variety are shown in Figure 5. The 
QDA result showed that both the fermented and 
non-fermented RBs had a similar aroma attribute 
(sweet, caramel, rancid, acid, pungent, fatty, milky, 
woody, sour, cereal, vanilla, nutty, smokey) except 
“fermented” aroma, which was only identified in 
fermented RBs. PCA analysis was used group 
varieties that had some similarities and matching 
aromas, based on panellists’ identification.

Both fermented and non-fermented RBs tended to 
have sweet, acid, vanilla, cereal and caramel aromas 
as their major attributes. The differences between 
these RBs were in the number of panellists that 
recognized the aroma. Aroma attributes of fermented 
RBs were noticed more by panellists; this might 
conclude that the intensities of aromas in fermented 
RBs were higher than non-fermented RBs. The 
aroma attribute similarities between fermented and 
non-fermented RBs were allegedly because the 
RBs used in this study were fresh; thus, they were 
not dominated by unwanted aroma like pungent and 
rancid. Sweet, caramel and vanilla aroma might have 
been derived from the Maillard reaction.52,53
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Fig. 5: Aroma attributes of a) non-fermented RB and b) fermented RB by QDA
b

a



164NADHIFAH et al., Curr. Res. Nutr Food Sci Jour., Vol. 10(1) 145-170 (2022)

a

b

Fig. 6: Principal Component Analysis (PCA) biplot of: a) non-fermented RB, b) fermented RB, c) 
fermented and non-fermented RB by QDA

c
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Non-fermented RBs in varieties Jeliteng and Inpari 
24 were in the same group with cereal and acid as 
the dominant aromas, while Saodah and Cempo 
Ireng were in the same group with the dominant 
aromas of sweet, vanilla and caramel (Figure 6a). 
Biplot aroma of fermented RB is shown in Figure 
6b. Inpari 24 and Cempo Ireng were in the same 
group with cereal, acid and sweet as the dominant 
aromas, while Saodah and Jeliteng were in the same 
group that were characterized by vanilla and caramel 
aromas. Figure 6c shows the PCA of fermented 
and non-fermented RB aromas. Fermented RB 
varieties Inpari 24, Jeliteng, Cempo Ireng are in 
the group with non-fermented Inpari.24 These 
RBs are characterized by acid and cereal aromas. 
Non-fermented RBs varieties such as Jeliteng, 
Cempo Ireng and Saodah are in the same group 
with SaodahF; they were characterized by sweet, 
vanilla and caramel aromas. Figure 6a shows that 
non-fermented RB in Jeliteng and Inpari 24 varieties 
were in the same group with cereal and acid as 
the dominant aromas, while Saodah and Cempo 
Ireng were in the same group with the dominant 
aromas of sweet, vanilla and caramel. Biplot aroma 
of fermented RBs is shown in Figure 6b. Inpari 24 
and Cempo Ireng were in the same group with 
cereal, acid and sweet as the dominant aromas, 
while Saodah and Jeliteng were in the same group 
that were characterized by vanilla and caramel 
aromas. Figure 6.c shows the PCA of fermented 
and non-fermented RB aromas. Fermented RBs in 
Inpari 24, Jeliteng, and Cempo Ireng varieties were 
the group with non-fermented Inpari 24. These RBs 

are characterized by acid and cereal aromas. Non-
fermented RB varieties such as Jeliteng, Cempo 
Ireng and Saodah were in the same group with the 
fermented Saodah; they characterized by sweet, 
vanilla and caramel aromas.

Pearson’s Correlation of Volatile Compounds 
and Aroma Profile
The correlation between volatile compounds 
of RB are identified by GC-MS, and the aroma 
attributes are identified by QDA (Table 2). It shows 
that some volatile compounds have positive 
correlation with aroma description obtained by QDA. 
Hexanal has positive correlation with grass aroma.  
This is in accordance with the study44 that stated 
grass, tallow and fat as the aromas of hexanal.  
Oct-2-enal has positive correlation with fatty 
aroma, similar to a previous study’s description.44  
The 2-methylpropan-1-ol and 3-methylbutan-1-ol 
were positively correlated with fermented aroma.  
It is also in accordance with the description 
by another previous study.35 Acetic acid was 
described to have sharp, pungent, sour and vinegar 
aroma35 and the Pearson’s correlation showed 
that acetic acid correlated with pungent aroma.  
Ethyl hexadecanoate and ethyl octadecanoate have 
positive correlation with fatty aroma, while ethyl 
(9Z)-octadec-9-enoatepositively correlated with 
acid aroma. 2-methyl-5-[(E)-prop-1-enyl] pyrazine 
correlated to smokey aroma. These correlations 
match with the aroma description by previous 
studies.44,45

Table 2: Pearson’s Correlation between RB Volatile Compounds by GC-MS and Aroma 
Description by Panelists
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Conclusion
Volatile compounds found in RB consist of ester, 
hydrocarbon, aldehyde, benzene, alcohol, ketone, 
acid, phenol, furan, lactone, monoterpene, thiazole, 
sesquiterpene, pyridine and pyrazine. A total 114 
volatile compounds were found, out of which 
106 were contained in fermentation RB and 94 
in non-fermentation RB. Fermentation on RB 
formed some new volatile compounds such as 
oct-2-enal; (3Z)-pent-3-en-2-one; 6-methyl-3,5-
heptadiene-2-one; 3-methylbutan-1-ol; butane-
2,3-diol; 3-pyridinemethanol (nicotinyl alcohol); 
methyl hexanoate; methyl (E)-2-hexenoate; 
methyl octanoate; ethyl dodecanoate; methyl 
pentadecanoate; methyl (9Z)-hexadec-9-enoate; 
ethyl (E)-hexadec-9-enoate; butyl hexadecanoate; 
ethyl octadecanoate; methyl (9Z,12Z,15Z)-
octadeca-9,12,15-trienoate (methyl linolenate); 
dihydro-3-hydroxy-4,4-dimethyl-2(3H)-furanone; 
2,3-dimethylpyridine and 2-methyl-5-[(E)-prop-
1-enyl]pyrazine. The result between GC-MS 
identification has some positive correlation with 
QDA; hexanal was correlated with grass; oct-2-

enal, ethyl octadecanoate and ethyl hexadecanoate 
were correlated with fatty; 2-methylpropan-1-ol and 
3-methylbutan-1-ol were correlated with fermented 
aroma; acetic acid was correlated with pungent; ethyl 
(9Z)-octadec-9-enoate was correlated with acid and 
2-methyl-5-[(E)-prop-1-enyl] pyrazine was correlated 
with smokey. 
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