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ABSTRACT

Heating method such as steaming could influence fisheries commodity chemical composition,
notably its flavor components. This study aims to identify the volatile flavor compounds and amino
acid composition of steamed Indian mackerel. The samples in this study were steamed (100°C, 30
minutes) Indian mackerel meat which their volatile compounds were extracted using Solid Phase
Micro Extraction (SPME) method and identified by Gas Chromatography/Mass Spectrometry
(GC/MS), while their amino acids profile were analyzed by High Performance Liquid
Chromatography. The volatile components analysis result showed that there were 50 volatile
compounds in steamed Indian mackerel. Most volatile compounds detected derived from
hydrocarbons, aldehydes, alcohols and ketones groups of compounds. The amino acids profile
analysis showed that glutamic acid is the highest quantity amino acids detected in steamed Indian
mackerel (3.74%). These results are basically influenced by many factors including heat treatment
and various heat-induced reactions.
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1. INTRODUCTION

Indian mackerel (Rastrelliger sp.) is a pelagic fish
that is economically important and well-known in
Indonesia. In 2019, Indonesia's average catch
production volume of Indian mackerel was
23,678,573.15 tons, indicating a 2.3% increase
from 2018. West Java province contributed
1,514,995.71 tons of Indian mackerel national
production volumes [1]. Indian mackerel, or "ikan
kembung" locally, is a species of marine fish that
is highly available and significant in Indonesia
due to its tasteful flavor and affordable price
compared to other pelagic and Omega-3 source
fish, making it accessible to many groups of
people.

In  Indonesia, Indian mackerel is usually
consumed directly as a dish by frying, baking, or
steaming with light seasoning, or it can be used
as raw material for various traditional food
products such as "peda" and various other
Indonesian culinary dishes. Almost all known fish
processing methods could give specific
characteristics due to the flavor, nutritional, and
texture alteration of each processing result [2].

Among the processing methods, steaming is
commonly used in Indonesia as a traditional
cooking method. This method can relatively
maintain the natural flavor of the food as
convection heat transfers from the hot steam
to the food that is being steamed. Steaming
(water evaporation or steam as a heat source)
has the advantage of lower loss risks of
vitamins and other components sensitive to heat
[3]. Steaming and other processing methods
cause complex chemical reactions to occur
between volatile precursors from fat and lean
tissue [4].

The overall perception (sensation) received by
human senses, especially taste and aroma,
when food and drink are consumed, is referred to
as flavor [5]. Flavor compounds contained in fish
usually come from derivatives of protein
compounds and mostly fat. The main flavor of
processed meat in the form of volatile and non-
volatile components has a significant effect on
the acceptance of processed meat, especially on
the aroma [6]. The composition of volatile flavor
compounds detected in fishery products usually
comes from aldehydes, alcohols, ketones, and
hydrocarbons [7].
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Besides volatile compounds, flavor components
also include nonvolatile compounds that impact
the taste attributes of a product. These
nonvolatile compounds are typically obtained
from free amino acids, peptides, and nucleotides
like IMP (disodium 5’-inosine monophosphate),
GMP (disodium 5’-guanosine monophosphate),
and AMP (disodium 5’-adenosine
monophosphate) [7,8]. Amino acid profile
analysis in this study aims to provide general
information  concerning the overall taste
characteristics of the samples that might be
influenced by amino acids. Additionally, it
provides information regarding the essential and
non-essential amino acid composition of the
samples. Amino acids and peptides contribute
directly to seafood flavor [9].

Fishery products are a great source of nutrition
due to their high protein and unsaturated fatty
acid content. Knowledge of the chemical
composition of a commodity, namely volatile
components, and amino acids, is important for
identifying  nutritive values and chemical
changes. A series of heat-induced changes
that occur in the processing phase can influence
the flavor composition of processed fish.
Therefore, the purpose of this study is to identify
volatile flavor components and amino acid
profiles of steamed Indian mackerel meat
samples.

2. MATERIALS AND METHODS
2.1 Sample Preparation

Indian mackerel fish samples were taken from
fish landing site at Karangsong, Indramayu, West
Java. Samples were then brought in a cool box
with ice to fish ratio of 2:1 in the morning time so
that the freshness of the fish can be maintained.
The samples were then transported to the
Laboratory of Fishery Products Processing,
Padjadjaran University to be handled and
prepared. The fish were washed clean,
eviscerated, weighed adequately and steamed
using a temperature of 100°C for 30 minutes [7].
The three-layered packaging was done to
minimize the changes and damage to the flavor
of samples to be analyzed were caused by air,
light and temperature [10]. Subsequently, the
samples were transported to several analytical
laboratories in Sukamandi and Bogor, West
Java.
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2.2 Analysis Method

Volatile compounds analysis procedures used in
this study was a modification of analysis
procedure carried out by Guillen & Errecalde
[11]. The analysis was performed using a series
of Gas Chromatography (GC  Agilent
Technologies 7890A System) and Mass
spectrometry (Agilent Technologies 5975C inert
XL El CI / MSD) apparatus. Samples extraction
was conducted by Solid Phase micro extraction
(SPME) using fiber DVB/Carboxen/Poly Dimethyl
Siloxane with a heating temperature of 40°C for
fresh samples and 80°C for steamed samples for
45 minutes (in water bath). GC column used was
HP-INNOWax (30m x 250um x 0,25um), helium
carrier gas, initial temperature was 45°C (hold 2
minutes), temperature escalation as much as
6°C/minute, a final device temperature
250°C (hold 5 minutes) with overall time 45
minutes. Mass spectra of compounds detected
were then compared with the mass spectra
patterns available within the computer database
or NIST (National Institute of Standards and
Technology) library version 0.5a. The data
of volatile flavor component were analyzed
further using Automatic Mass  Spectral
Deconvolution and Identification  System
(AMDIS) software [12].

Amino acids profile analysis was carried out
based on modification from Ishida et al. [13] and
Toppe et al. [14]. The analysis was performed
using High Performance Liquid Chromatography

(HPLC) (Shimadzu CBM-20A, Shimadzu
Corporation, Japan) apparatus and the
parameters setting in general were: Ultra

Techsphere column, 1mL/minute mobile phase
flow rate with fluorescence detector. The
resulting data from volatile compounds analysis
were discussed descriptively based on
identification and semi quantification intensity of
the compounds detected from analyzed samples
[10]. The amino acids profile result was identified
using 15 standards of amino acids and quantified
in umol concentration unit based on their peak
areas and amino acids standards peak areas.

3. RESULTS AND DISCUSSION
3.1 Volatile Components
The results from volatile flavor component

analysis showed that there are 50 volatile
compounds successfully detected in steamed
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samples (Table 1) with wide variation of
compounds. The identified volatile flavor
compounds were categorized into several
categories such as hydrocarbons, aldehydes,
alcohols, and ketones.

The hydrocarbon group of compounds detected
in steamed Indian mackerel contained 17 types
of compounds, with pentadecane (46.6782%)
and pentadecane, 2,6,10,14-tetramethyl
(18.0159%) being the most abundant. Similarly,
17 types of aldehydes were detected in the fish,
with octanal (2.7403%) being the most abundant.
The ketone group contained 6 types of
compounds, with 2-decanone (4.2180%) having
the largest proportion. The alcohol group
had 5 types of compounds, with 1-Octanol
(3.2343%) being the most abundant. Other
compounds were also detected but in very low
amounts, and they belong to other groups of
compounds and organic acids that are rarely
identified in fish meat and require further
identification.

Pentadecane, 2,6,10,14-tetramethyl, also known
as pristine, is formed from an auto-oxidation
process that is typical for fish [15] and is also
detected in various local smoked fish such as
fufu (smoked skipjack), salai (smoked catfish),
kayu (cold smoked skipjack), cooked krill, and
crayfish [10]. Octanal, the most abundant
compound in the aldehyde group, is considered a
fatty aldehyde lipid molecule that occurs naturally
in citrus oils. Hexadecanal, also known as
palmitaldehyde, is another compound from the
aldehyde group that is a fatty aldehyde. Ketones
such as 2-decanone can be produced or
generated by thermal oxidation or degradation of
fatty acids, degradation of amino acids, or
microbial  oxidation.  Alcohol = compounds,
such as 1-octanol, occur naturally in the form of
esters in some essential oils and are generally
present in low concentrations in food
[11,15,16,17,18].

The other groups of compounds detected in both
samples derive from many classes of
compounds. For example, 2-pentylfuran is a
heterocyclic compound that has been detected in
steamed Patin catfish [19], smoked black bream
[11], and steamed silver carp [7]. This compound
is known to originate from the dehydration of
glucose (cellulose thermal degradation), but
could also derive from the Maillard reaction
[20,21].
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Table 1. Volatile compounds identified in Indian mackerel steamed meat

Compounds Area Proportion(%)
Hydrocarbons Pentadecane 38414618 46.678
Pentadecane, 2,6,10,14-tetramethyl- 14826520 18.016
Heptadecane 1833407 2.228
Tetradecane 1406377 1.709
Tridecane 375072 0.456
Hexadecane 277542 0.337
Oxirane, tetradecyl- 254166 0.309
Bicyclo[4.2.0] oct-7-ene 139967 0.170
1-nonadecene 120621 0.147
Benzocycloheptatriene 119144 0.145
Undecane 109455 0.133
1,3,6-Heptatriene, 5-methyl- 85177 0.104
Limonene 72756 0.088
1H-Indene, 1-methylene- 56131 0.068
Undecane 37847 0.046
Oxirane, hexadecyl- 35515 0.043
Toluene 9055 0.011
Aldehydes Octanal 2255192 2.740
Hexadecanal 2153464 2.617
Nonanal 2101000 2.553
Decanal 747768 0.909
Heptanal 705118 0.857
Dodecanal 699139 0.850
Hexanal 611328 0.743
2-Undecenal 353748 0.430
Benzaldehyde, 4-ethyl- 327170 0.398
2,4-Heptadienal, (E, E) - 285125 0.347
2-nonenal, (E) - 250132 0.304
2-Octenal, (E) - 168360 0.205
2-Heptenal, (E) - 144215 0.175
Dodecanal 67196 0.082
2,4-Hexadienal, (E, E) - 32881 0.040
2,6-Nonadienal, (E, Z) - 19200 0.023
Pentanal 1465 0.002
Ketones 2-decanone 3471248 4.218
2-Heptanone 3418798 4.154
2-Nonanone, 3- (hydroxymethyl) - 1055851 1.283
3,5-Octadien-2-one 538187 0.654
5-Hepten-2-one, 6-methyl- 75498 0.092
2,3-Octanedione 13525 0.016
Alcohols 1-Octanol 2661693 3.234
1-Nonanol 124695 0.152
1-Heptanol 59013 0.072
2-Ethyl-1-Dodecanol 21935 0.027
1-Pentanol 15509 0.019
Other Sulfurous acid, octadecyl 2-propyl ester 1448119 1.760
Furan, 2-pentyl- 273126 0.332
Octyl thioglycolate 8559 0.010
Oxalic acid, nonyl isobutyl ester 8326 0.010
Acetaldehyde 6686 0.008

The sulfurous acid, octadecyl 2-propyl ester, esterification of acids and alcohols formed from
detected in the Indian mackerel samples is an lipid metabolism or lipids thermal degradation
ester compound that most likely derives from the  products [11, 20].
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3.2 Amino Acid Profile

In this study, amino acid profile analysis was
carried out to provide information concerning
essential and non-essential amino acids. Other
than that, this analysis also provides general
picture regarding their contribution to overall
sample’s taste characteristic. From fish flavor
perspective, the importance of amino acids has
been well recognized [22]. According to Kawai et
al. [23], the presence of amino acids in food
played an important role on most seafood taste.
This study used 15 amino acids standards to
quantify individual amino acids present in
samples. These standards were aspartic acid,
glutamic acid, serine, histidine, glycine,
threonine, arginine, alanine, tyrosine, methionine,
valine, phenylalanine, leucine, lysine and
isoleucine. As we can see from Table 2, glutamic
acid is the highest amino acids detected in
steamed Indian mackerel samples (3.74%), while
other amino acids values show variation in
content. Some amino acids, aside from glutamic
acids, are detected higher than other amino
acids in steamed samples, such as aspartic acid
(2.41%), lysine (2.38%), leucine (2.08%) and
arginine (1.98%). Fish meat that has less
savoury taste could be caused by less glutamic
acid contain in it [24]. As point out before, each
individual amino acid could contribute to
product’s basic taste. Bitter taste in peptide could
be contributed by proline and the presence of
phenylalanine, alanine, glycine, leucine, tyrosine,
and valine while glutamate affects umami taste
[23,25,26,27].

Essential amino acids which steamed Indian
mackerel has from highest quantity to the lowest
were lysine, leucine, valine, isoleucine,
methionine, threonine, phenylalanine and
histidine. Lysine has the highest quantity in both
samples and has an important role in human
body as basic composition needed for blood
antibody, strengthen the circulation and
maintaining normal cells growth and lysine will
decrease excessive blood triglycerides if together
with proline and vitamin C [24]. The content of
amino acids is affected by heat treatment time
length and heating method [19,28]. Free amino
acids forming are increase due to proteolytic
reaction which take place throughout heating
process [7,29]. Taste quality of some amino
acids, which are the building block of protein,
would depend on their side chain structure.
Glutamate and aspartate which are classified as
acidic L-amino and both contributed to umami
taste and sweet taste is dominantly contributed
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by mainly D-amino acids [23,25]. while bitter
taste is contributed by aromatic, basic and
branched amino acids [27]. In general, amino
acids exhibit primary taste characteristics, with
aspartic acid and glutamic acid directly
contributing to a sour taste sensation. When
these amino acids are present in their salt form,
they are known for their umami, savory, and
meaty flavor, similar to the taste of chicken broth.
On the other hand, L-amino acids with
hydrophobic side chains, such as leucine,
isoleucine, tyrosine, and valine, are associated
with bitter taste perception [30].

Table 2. Amino acids profile of fresh and
steamed Indian mackerel (%)

Amino acids Value (%)
Aspartic acid 2.41
Glutamic acid 3.74
Serine 0.72
Histidine” 0.79
Glycine 0.80
Threonine” 1.11
Arginine 1.98
Alanine 1.35
Tyrosine 1.17
Methionine” 1.13
Valine” 1.57
Phenylalanine” 1.10
Isoleucine” 1.52
Leucine” 2.08
Lysine’ 2.38

4. CONCLUSION

Most of the volatile flavor components detected
in steamed Indian mackerel samples derived
from the hydrocarbons, aldehydes, ketones and
alcohols groups. As many as 50 compounds
were detected and identified in the sample. The
compound with the highest proportion is
pentadecane (46.6782%), which belongs to the
group of hydrocarbons. The highest amount of
amino acids detected in steamed samples is
glutamic acid which commonly contributes to
umami taste characteristics.
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