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Abstract: Sea urchin gonads are a delicious seafood item of high commercial value. Our past
studies have revealed that the gonads of the sea urchin Mesocentrotus nudus fed the basal frond
portion of fresh Saccharina kelp (BS) or the sporophylls of fresh Undaria (SU) during May–July
are of high-quality. The present study investigated the flavor and taste of BS and SU gonads in
comparison with those from non-fed M. nudus (NF) using gas chromatography–mass spectrometry
(GC–MS) and gas chromatography (GC)-sniffing techniques, and a taste-sensing system. Data of the
estimated intensity of taste (EIT) were compared with assessment of gonads from M. nudus collected
from an Eisenia bed (fishing ground) and a barren in July. Gonads from both BS and SU released
pleasant green, sour, and fruity aromas characteristic of butyl acetate, which are here recognized
essential flavor components of high-quality gonads. The gonads of BS and SU had a strong umami
taste compared to those of NF, and the Eisenia bed and the barren. The most marketable M. nudus
gonads were assessed to be those with green and fruity aromas from butyl acetate, sweet aroma from
benzaldehyde, umami EIT > 13.8, bitterness EIT < 3.1, and without any unpleasant sulfurous odor
from sulfur-containing compounds.

Keywords: sea urchin; gonad quality; GC–MS; taste-sensing system; Mesocentrotus nudus

1. Introduction

Sea urchin gonads are a premium delicacy of high commercial value [1]. Fresh sea urchin gonad
is an important item of Japanese “sushi” cuisine. Tokyo Metropolitan Central Wholesale Market is the
largest wholesale sea urchin market in the world [2], where the average price of sea urchin gonads
doubled from 7306 JPY·kg−1 in 2008 to 14,683 JPY·kg−1 in 2018 [3]. Furthermore, the increase in global

Sensors 2020, 20, 7008; doi:10.3390/s20247008 www.mdpi.com/journal/sensors

http://www.mdpi.com/journal/sensors
http://www.mdpi.com
https://orcid.org/0000-0001-5946-4297
https://orcid.org/0000-0001-9813-6181
http://dx.doi.org/10.3390/s20247008
http://www.mdpi.com/journal/sensors
https://www.mdpi.com/1424-8220/20/24/7008?type=check_update&version=2


Sensors 2020, 20, 7008 2 of 12

fish and shellfish consumption in the last decades [4], and the initiation from 2012 of imports of live,
fresh and chilled sea urchin into Europe and Oceania [5], indicate an increase in worldwide popularity
of sea urchin.

No quantitative or qualitative standard for sea urchin gonad has been established.
Quantitative assessments of gonad size, color, texture, and taste (free amino acid contents) have
been conducted to evaluate gonad quality (e.g., McBride et al. [6]; Woods et al. [7]; Takagi et al. [8]).
Gonads of large size, bright orange, or yellow color (Figure 1), medium hardness, high in content
of sweet-tasting alanine and low in bitter-tasting arginine are preferred [1,9,10]. Research that has
analyzed the quantity of odor-active compounds in sea urchin gonads using gas chromatography–mass
spectrometry (GC–MS) and gas chromatography (GC)-sniffing techniques has shown that flavor is also
an important factor to evaluate gonad quality [11,12]. However, such quantitative data alone cannot
portray overall desirability and the subtle interactions of each quality trait, so sensory evaluation using
a panel of tasters is important [8,10,13]. Recently, a taste-sensing system composed of artificial lipids
(which emulate changes in the membrane potentials of the human tongue) has been developed to
resolve subjective assessments, and the effects of physical and psychological conditions on sensory
evaluation (reviewed by Kobayashi et al. [14]). Using this system, seafood tastes have been evaluated
for dried bonito stock [15], nori sauce and dried sheets of the red alga Pyropia yezoensis [16,17],
the pacific oyster Crassostrea gigas [18], the swimming crab Portunus trituberculatus [19], the bluefin tuna
Thunnus orientalis, the yellowtail Seriola quinqueradiata, and the squids Sthenoteuthis oualaniensis and
Todarodes pacificus [16]. Thus, this system would evaluate the taste of sea urchin gonad qualitatively.
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from a sushi restaurant with a Michelin 3-star rating in Tokyo (photo by S. Takagi).

Among edible sea urchins, Mesocentrotus nudus is the most expensive sea urchin in the world.
More than two-thirds of the total sea urchin landings in Japan are accounted for by M. nudus and
Strongylocentrotus intermedius [20]. Mesocentrotus nudus densely distributes on barrens but has gonads
of undesirable quality [8,21,22]. Recently, short-term culture experiments have been performed
in order to improve the gonad quality (size, color, texture and taste) of M. nudus from barrens,
particularly in Northern Japan (e.g., Takagi et al. [8,10,23]). Our past study has revealed that feeding
fresh Saccharina japonica kelp during May–July can improve the gonad quality of M. nudus from
barrens to a level where it is more desirable than wild urchins harvested from an Eisenia bicyclis kelp
bed (fishing ground); a study that involved sensory evaluation and quantitative measurements of
gonad size, color and hardness, and free amino acid content [10]. In addition, the composition of
odor-active compounds in the gonads of the cultured and wild sea urchins were distinctly different [24].
More recently, Takagi et al. [25] showed markedly high levels of sweet-tasting alanine and low levels
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of bitter-tasting arginine in the gonads of M. nudus fed with sporophylls of fresh Undaria pinnatifida
and the basal frond portion of fresh S. japonica. Gonads from derived from both types of feed were
evaluated as the same high-quality as those served in Tokyo sushi restaurants evaluated as two- or
three-star Michelin establishments [25]. The aim of the present study is to assess analyses of GC–MS,
and GC-sniffing techniques and a taste-sensing system to provide more rigorous evaluation of gonad
flavor and taste, as a contribution to providing an objective standard by which to measure the quality
of sea urchin gonads.

In the present study, adult M. nudus collected from a barren were fed the basal frond portions
of fresh S. japonica, the sporophylls of fresh U. pinnatifida or no food during May–July according to
Takagi et al. [25]. At the end of the rearing experiment, the odor-active compounds in gonads were
analyzed by GC–MS and GC-sniffing techniques, and taste analysis by the taste-sensing system was
conducted. For the taste analysis, a comparison was made with gonads from wild M. nudus from an
E. bicyclis kelp bed and a barren.

2. Materials and Methods

2.1. Sea Urchin Samples

Mesocentrotus nudus used in the rearing experiment are from the same area as those used in the
study of Takagi et al. [25]. On 1 May 2017, a total of 45 adult M. nudus (47–53 mm diameter) were
collected by scuba dive from a barren (a non-commercial area where sea urchins are not highly regarded
for the quality of their gonads) at depths of 2–3 m off Nojima Island in Shizugawa Bay (38◦40′ N,
141◦30′ E). The sea urchins were reared in nine 10 L tanks (5 urchins per tank) supplied with running
filtered seawater at a rate of two to three tank volumes per hour. The seawater was pumped up
fresh from offshore waters, filtered through sand and aerated. Tanks were cleaned every 3–4 days.
The feeding experiment was conducted from 10 May to 18 July 2017. Three sea urchin treatments were
designed: sea urchins fed the basal frond portion of fresh S. japonica, which were cut into three equal
lengths from the base to apex, every 3–4 days (BS); fed the sporophylls of fresh U. pinnatifida every
3–4 days (SU); and no food (NF). Three tanks were assigned to each treatment. All sea urchins were
reared unfed for nine days until the start of the experiment.

On 18 July, all sea urchins were removed from their tanks, dissected and the gonads from each
treatment were stored together. Three replicates of ca. 3 g gonad tissue were collected from each
treatment for odor-active compound analysis and stored in a polystyrene container at 4 ◦C until the
analyses. The remaining gonads of each treatment were quickly frozen at −30 ◦C for the taste analysis
using the artificial taste-sensing system. In addition, two groups of wild sea urchins were prepared
for the taste analysis. On 14 and 23 July, respectively, ten wild M. nudus (ca. 50 mm diameter) were
collected from the same barren as that from which sea urchins were collected for the rearing experiment
(WBA); and ten were collected from an E. bicyclis bed at a depth of 1.4 m off Nojima Island (sea urchins
from a fishing ground of regarded commercial quality and value) (WEB). After dissection, all gonads
were stored together for each collection site, and a total of ca. 40 g gonad was randomly collected from
each group and frozen for the taste analysis.

2.2. Odor-Active Volatile Compound Analysis

Odor-active volatile compounds in the gonad tissues were analyzed by GC–MS and GC-sniffing
techniques within 48 h after dissection, according to Sato et al. [26]. Headspace volatile compounds were
collected in a large-volume static headspace (LVSH) system (Entech 7100A series, Entech Instruments
Inc., Simi Valley, CA, USA). Each gonad from a container was sealed in a 375 mL glass jar for
measurement of LVSH and stored in an incubator (DK400, Yamato Scientific Co., Ltd., Tokyo, Japan)
at 30 ◦C for 10 min. After incubation, 150 mL of headspace gas was vacuum extracted from the
glass jar. The volatile organic compounds (VOCs) were desorbed by thermos desorption using a
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pre-concentrator (Entech 7100A series, Entech Instruments Inc., Simi Valley, CA, USA) and applied to
the GC–MS system.

Quantification of the volatile compounds was performed using an Agilent 6890 series gas
chromatograph (Agilent Technologies Inc., Palo Alto, CA, USA) equipped with an Agilent 5975B
mass-selective detector and a sniffing port. One half of the column flow was directed to the MS system,
while the other half was directed to the heated sniffing port. The GC–MS system was equipped
with a DB-WAX column (60 m × 0.25 mm i.d., 0.5 µm film thickness; 122-7063, Agilent Technologies
Inc.). The GC operating conditions were: injector temperature, 250 ◦C; helium carrier gas mean
linear velocity, 20.6 cm s−1. Temperature program (3 steps): 40 ◦C for 5 min; 5 ◦C min−1 increase to
240 ◦C; final 5 min hold at 240 ◦C. Mass spectrometry was carried out in scan mode using an electron
ionization voltage of 70 eV and a scan range from m/z 10 to 300 every 1.58 s. Analysis of VOCs was
performed using the program Powered Pro (Wiley 10th + NIST 2014 Mass Spectral Library, Wiley-VCH,
Weinheim, Germany). Each VOC was identified by a similarity search [27] using a software library
(Wiley 11N17main, Wiley-VCH). When a VOC was detected in triplicate analysis, this determined the
presence of the VOC in the group.

One half of the column flow was directed to a heated sniffing port (ODP2 Olfactory Detection Port,
Gerstel GmbH & Co.KG, Mülheim an der Ruhr, Germany) for GC-sniffing analysis. Humidified air
(50–75% relative humidity) was carried to the sniffing port at 1.02 mL min−1. The panelists, who are
well versed in sea urchin gonad quality and share common perceptions, recorded the retention time
and the related description of the aroma compounds [28,29] by writing on paper. The relative amounts
of each volatile compound detected by GC-sniffing analysis were calculated based on the peak areas in
the chromatograms.

2.3. Taste Analysis

The estimated intensity of taste (EIT) of sea urchin gonads was analyzed according to the method
of Touhata et al. [16] with a slight modification. Three replicates per gonad of a group were assigned.
Approximately 10 g gonads of each group were finely cut into a paste with scissors and diluted
with nine volumes of distilled water. The mixture was boiled for 15 min and then filtered through
a nylon net (draining bag; 6-0709-0601, Daicel FineChem Ltd., Tokyo, Japan) to obtain the sample
extract. The filtrates were estimated for taste intensity with a taste-sensing system (SA402B, Intelligent
Sensor Technology. Inc., Kanagawa, Japan) according to the manufacturer’s protocol. The system
can measure eight kinds of taste (sourness, bitterness, astringency, umami, saltiness, bitter after-taste,
astringent after-taste and umami after-taste). A reference solution was used as a tasteless sample
with taste criterion set to zero. Taste criteria with EIT values > 0 were evaluated, except for saltiness
and sourness, where EIT values above −6 and −13, respectively, indicate taste because the reference
solution contains 30 mM KCl and 0.3 mM tartaric acid. One unit of EIT variation represents a
20% concentration difference in the standard solution, which corresponds to the discrimination
threshold [30], so recognizable differences in taste among groups were evaluated according to whether
or not the EIT values differ by more than one unit.

3. Results

3.1. Odor-Active Compounds

A total of 30 odors were described using the GC-sniffing technique, and 19 compounds
were identified as odor-active compounds (Figure 2, Table 1, Supplementary Data sheets S1).
An “unpleasant fishy” odor at 21.30 min was from dodecane and/or ethyl toluene, and an “unpleasant
sea urchin” odor at 26.62–26.66 min was from 6-methly-5-hepten-2-one and/or isopropyl benzene.
There were significant differences in peak areas of xylene, styrene, 3-octanol and 2-butoxyethanol
from gonads among treatments (p < 0.05). A larger number of compounds with pleasant aromas
was detected from gonads of BS (eight compounds) and SU (eight compounds) compared to those
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of NF (three compounds). There were more compounds with unpleasant odors from gonads of SU
(eight compounds) than BS (four compounds). Scents of benzaldehyde in the sea urchin gonads
were described as “pleasant”, “sweet”, “floral”, and “fresh” aromas; and those of ethyl octanoate
were described as “unpleasant”, “sea urchin-like”, and “sweet-and-sour”. Benzene, butyl acetate,
ethyl octanoate, and an unidentified compound at 33.39–33.50 min were detected as odor-active
compounds of the gonads of both BS and SU.
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Figure 2. Chromatograms of odor-active organic compounds in the gonads of Mesocentrotus nudus
using gas chromatography–mass spectrometry (N = 3). BS, SU and NF indicate sea urchins fed with the
basal frond portions of Saccharina japonica, sporophylls of Undaria pinnatifida and no food, respectively.
Compounds are identified by peak numbers, as shown in Table 1.

Furthermore, 2-butoxyethanol and 3-octanol were detected from gonads of BS and SU, respectively.
“Pleasant”, “fresh”, and “green” aromas from ethyl acetate and “unpleasant sea urchin-like” odor from
limonene were detected from gonads of BS, but not from those of other treatments. The peak area
of limonene from gonads of BS was larger than that of SU. “Orange”, “fresh”, and “sweet” aromas
from xylene, “pleasant sea urchin-like” aroma from 3-octanal, “green” aroma from 2-ethylhexanol and
“sweet” aroma from 2-methyl-6-methylene-2,7-octadienal were detected from gonads of SU, but not
from those of other treatments. “Green” and “chemical” scents from toluene were detected from
gonads of BS and NF, and their peak areas were large compared to those of SU.
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Table 1. Retention time, odor descriptions, detection and peak area of the odor-active volatile organic compounds detected in Mesocentrotus nudus gonads using gas
chromatography (GC)-sniffing (SNF) and GC–mass spectrometry (GCMS).

SNF-RT GCMS-RT Compound NO. Description
SNF

Detection Peak Area

BS SU NF BS SU NF p

11.50 11.47 Ethyl acetate 1 Fresh, green * + 186.07 ± 12.24 133.22 ± 27.31 154.65 ± 44.16 0.514
12.60–12.70 Unknown Sea urchin * +

13.20 13.13 2-Propanol 2 Fresh, green, fishy † + + 224.42 ± 27.05 168.95 ± 28.73 307.15 ± 59.18 0.134
13.50–13.60 13.52 Benzene 3 Sweet, caramel * + + 34.62 ± 9.12 42.31 ± 10.80 49.83 ± 17.04 0.716

15.48 15.45 Decane 4 Green * + 83.07 ± 13.52 61.35 ± 5.68 69.84 ± 16.20 0.511
16.20–16.30 16.17 Chloroform 5 Putrid, fishy † + + 238.68 ± 86.48 126.32 ± 49.58 287.84 ± 121.82 0.481
16.73–16.75 16.60 α-Pinene 6 Sea urchin † + + 9.83 ± 2.01 5.35 ± 0.93 9.44 ± 1.92 0.198

17.18 17.18 Toluene 7 Green, chemical + + 933.53 ± 80.79 757.52 ±33.75 1695.73 ± 643.82 0.196
18.03–18.04 18.08 Butyl acetate 8 Fruit, sour, green * + + 8.16 ± 0.77 6.88 ± 1.27 8.82 ± 3.47 0.846

18.30 Unknown Sea urchin * +

20.38–20.41 20.25 Xylene 9 Orange, fresh, sweet * + 313.71 ± 51.19 a 104.56 ±11.22 b 126.15 ± 18.83 b 0.004

21.30
21.23 Dodecane 10

Fishy † +
8.89 ± 0.79 7.05 ± 0.85 9.89 ± 1.24 0.198

21.32 Ethyl toluene 11 9.61 ± 1.97 6.23 ± 1.03 6.72 ± 2.22 0.418
21.69 Unknown Sea urchin * +

22.05 22.06 Limonene 12 Sea urchin † + 408.43 ± 78.32 153.03 ± 24.23 306.63 ± 59.68 0.060
22.61 22.52 Propyl benzene 13 Putrid, smoke † + 8.70 ± 0.33 6.42 ± 0.57 8.97 ± 1.82 0.284
22.78 Unknown Fishy † +

24.13 24.12 Styrene 14 Putrid, Undaria † + 30.38 ± 3.86 b 18.57 ± 2.62 b 60.43 ± 11.53 a 0.005

26.63–26.66
26.50 6-Methyl-5-hepten-2-one 15

Sea urchin † + +
113.72 ± 56.79 104.01 ± 19.40 117.70 ± 33.72 0.969

26.67 Isopropyl benzene 16 9.03 ± 0.60 5.95 ± 0.40 8.69 ± 1.33 0.088
27.18 27.00 Mentha-1,4,8-triene 17 Sea urchin after taste + 4.07 ± 0.19 3.11 ± 0.35 4.12 ± 0.41 0.123
27.30 Unknown Sea urchin, citrus * +

27.85 27.79 3-Octanol 18 Sea urchin * + ND b 59.66 ± 17.09 a ND b <0.001
28.50 28.47 2-Butoxyethanol 19 Green, heavy, seaweed + 4.43 ± 1.35 a ND b ND b <0.001

29.00–29.04 28.95 Ethyl octanoate 20 Sea urchin, sour and
sweet † + + + 8.28 ± 2.13 9.00 ± 3.73 8.16 ± 0.47 0.973

30.50 30.32 2-Ethylhexanol 21 Green * + 5198.37 ± 3375.74 2396.09 ± 403.79 4171.60 ± 1338.62 0.731
31.87–31.89 31.92 Benzaldehyde 22 Sweet, floral, fresh * + + + 8.60 ± 1.09 8.21 ± 0.81 13.01 ± 3.38 0.276

32.30 Unknown Sea urchin, fresh
shellfish * +

33.39–33.50 Unknown Heavy, butter † + +
34.81 Unknown Sea urchin * +

35.90 35.86 2-Methyl-6-methylene-2,
7-octadienal 23 Sweet * + 218.91 ± 125.88 122.85 ± 27.19 169.77 ± 59.04 0.885

36.60 Unknown Sea urchin, fresh
shellfish + +

RT, retention time (min). Odor descriptions: *, pleasant; †, unpleasant. For each compound, compound number (NO.), detection by SNF (+) and peak area values (×10−4; mean ± S.E.;
n = 3) are provided for the three experimental feeding treatments: BS, basal frond portions of Saccharina japonica; SU, sporophylls of Undaria pinnatifida; NF, no food. Significance of
values in peak areas for each compound among treatments determined by ANOVA are provided (p). Superscript letters “a” and “b” indicate significant differences in peak areas among
treatments by Tukey’s test (p < 0.05 by Tukey’s test). ND, not detected.
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3.2. Taste Analyzed by the Taste-Sensing System

The EIT values for “sourness”, “saltiness”, and “astringent after-taste” in gonads of all sea urchin
groups were below −6, −13 and 0, respectively, indicating that the sensor output was below the
threshold for each of these taste parameters. There were no recognizable differences among groups
for EIT values of “astringency” and “umami after-taste” (Figure 3, Supplementary Data sheets S1).
EIT “bitter after-taste” values were recognizably higher for gonads of NF than for those of BS, SU,
WBA, and WEB; “bitterness” was higher for NF than for other groups; and “umami” was higher for
BS and SU than for other groups. Recognizably lower “bitterness” EIT values were detected for SU
gonads than for those of other groups; and “umami” EIT values were recognizably lower for WEB
gonads than for those of the other group.
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Figure 3. Estimated intensity of taste (EIT) of gonads of Mesocentrotus nudus fed experimentally
or obtained directly from the wild. Experimentally fed: BS, fed with the basal frond portions of
Saccharina japonica; SU, sporophylls of Undaria pinnatifida; NF, no food. Wild sea urchins: “Barren”,
collected from a seabed barren; “Eisenia bed”, from an Eisenia bicyclis bed. Bars indicate mean EIT ± SE.
Lower-case letters indicate more than one-unit difference in each EIT among groups, indicating a
recognizable difference in taste by humans [30].

4. Discussion

4.1. Odor-Active Compounds

The odor-active compound composition in gonads of M. nudus differed among treatments.
The detection of a larger number of odor-active compounds from the gonads of sea urchins fed ad
libitum with pieces of kelp (BS or SU) than those from starved sea urchins (NF) is in accordance
with an earlier study (Takagi et al. [24]) that reported a smaller number of odor-active compounds
from WBA gonads compared to those of sea urchins fed with whole fronds of S. japonica (WFS).
The benzaldehyde and ethyl octanoate aromas detected from gonads of sea urchins in each treatment
(BS, SU and NF) indicate that the aromas from both compounds exist in gonads regardless of nutritive
state. Benzaldehyde from WFS gonads was described as a “sea urchin-like” aroma [24]. The compound
would be typically associated with a pleasant “sweet” sea urchin aroma [11].

Decane detected in NF gonads was described as a “green” scent. Similarly, the compound was
described as “green” in WBA gonads [24], suggesting that this compound and its aroma may be present
in small-sized gonads of starved sea urchins.
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Butyl acetate may be an important indicator of good flavor for high-quality gonads since this
substance in gonads of BS and SU in the present study was described as producing pleasant aromas
“green”, “sour”, and “fruity”, which is similar to the description of aromas from WFS gonads [24].
The results from this study confirm those of previous studies [24,25], indicating that the flavor of
high-quality gonads is associated with a low content of sulfur-containing compounds such as S-methyl
thioacetate and bis-(methylthio)-methane (which are known to produce off-flavor and “sulfur” odor in
shellfish [26,31–33]) and pleasant aromas of butyl acetate and benzaldehyde. An omission test is required
to identify the compounds constituting the overall flavor of high-quality gonads. Some odor-active
compounds, such as 2-propanol, 2-ethylhexanol, S-methyl thioacetate, and bis-(methylthio)-methane
from WFS gonads [24], were not detected as odor-active compounds from gonads of BS. The carbon,
nitrogen, protein, and total- and free-amino-acid composition of S. japonica fronds vary according to
position within the frond [34–36]. A previous study (Takagi et al. [36]) has revealed differences in
free-amino-acid composition of M. nudus gonads associated with feeding with different parts of the
S. japonica frond, suggesting a correlation with differences in gonad flavor.

4.2. Taste Analysis

The taste of sea urchin gonads analyzed by the taste-sensing system used here showed a large
variation associated with different kinds of feed. The sensor showed that the gonads of BS and SU,
which were evaluated as high-quality with high marketability by a sensory test [25], had a stronger
umami taste compared to gonads of regarded commercially harvested sea urchins (WEB) and those of
NF and WBA without commercial value. The lack of significant differences in EIT for “astringency” and
“umami after-taste” among groups suggests that these taste traits are not affected by the food source.

The taste of sea urchin gonads has been evaluated by the content of free-amino-acids,
nucleotide associated compounds, and organic acids in gonads [8,10,13,25,37–42]. The high EIT values
for “bitter after-taste” in NF might be affected by the content of sulfur-containing compounds [17].
Akitomi et al. [43] reported that a significant decrease in the response value of a bitterness sensor
was observed when arginine was added to bitter-tasting methionine, leucine, and isoleucine. On the
other hand, arginine (712 mg/100 g) content in NF gonads was significantly higher than those of
BS (335 mg/100 g) and SU (257 mg/100 g); and methionine, leucine and isoleucine contents in NF
gonads were not high compared with those of BS and SU [25]. Therefore, the cause of the difference in
bitterness among groups remains unclear.

Umami is the taste imparted by aspartic acid, glutamate and 5′-ribonucleotides such as inosinate
and guanylate (reviewed by Ninomiya [44]). The umami-tasting aspartic acid content was below
the threshold value (100 mg/100 g) in gonads of BS, SU and NF [25], and of WBA and WEB [10,45].
The umami-tasting glutamic acid (62 mg/100 g) content in gonads of NF was significantly lower
than that of BS (205 mg/100 g) and SU (216 mg/100 g) [25], coinciding with EIT values for umami
in the present study. In contrast, the glutamic acid content in WEB gonads ranged between 125
and 160 mg/100 g during May–July [8,10,23], suggesting that glutamic acid content in WEB gonads
would be higher than that of NF in the present study. However, the EIT of NF gonad umami was
recognizably higher than that of WEB samples. A sensory evaluation showed that the umami score in
WEB gonads is high compared with that from WBA samples, although WEB glutamic acid content
was significantly lower than that from WBA [10]. Kitaoka et al. [18] suggested that the umami sensor
would reflect synergistic effects of glutamic acid, inosinate, and AMP by taste evaluation of the
pacific oyster C. gigas collected from three different localities. The observed difference in umami taste
might be due to a difference in nucleotides or a combination of nucleotides and amino acids [10],
explaining the umami EIT values of the present study. As 5′-inosinate and 5′-guanylate are produced
by the decomposition of ATP and ribonucleic acids, respectively, when the animal and its cells are dead,
the contents of these compounds change between dissection and analysis (reviewed by Kurihara [46]).
Sensory evaluation is susceptible to the physical and psychological condition of panel members [14]
and assembling trained panels carries a significant cost in both time and money. Past studies have
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shown the potential of the taste-sensing system to evaluate taste of C. gigas [18], the swimming crab
P. trituberculatus [19], the bluefin tuna T. orientalis, the yellowtail S. quinqueradiata, and the squids
S. oualaniensis and T. pacificus [16]. Therefore, we conclude the taste-sensing system has a high potential
to reliably and economically evaluate the umami taste of sea urchin gonads.

4.3. Standard of High-Quality Gonad of M. nudus

Research into short-term culture trials to improve the gonad quality of M. nudus from barren
grounds where there is no sea urchin fishery has been undertaken mostly in Japan [8,10,25,42,47]
but recently also in Australia [48]. Culture experiments with adult M. nudus that were collected
from barrens have revealed that feeding them with fresh S. japonica or the sporophylls of fresh
U. pinnatifida improves gonad quality as assessed by sensory evaluation, and quantitative measurements
and analyses of gonad size, color (L*a*b* values), hardness, and free-amino-acid content [8,10,25].
Takagi et al. [10] demonstrated that gonad quality can be improved in terms of increase in size, L* value
(lightness), alanine content, enhancement of umami taste, and decrease in arginine content. In addition,
the present study confirmed that a decrease in unpleasant “sulfur” odor (due to sulfur-containing
compounds detected in wild sea urchins [24,26]) and increase in pleasant aromas from butyl
acetate and benzaldehyde can improve gonad flavor (cf. [24]). Sensory evaluation, and quantitative
measurements and analyses of gonads showed that the WEB gonads, and those of cultured sea urchins
evaluated as of the same or higher quality, had the following quantitative ranges: L* value 56.0–60.7,
hardness 0.11–0.14 N, alanine content 235–595 mg/100 g, and arginine content 215–334 mg/100 g [8,10,25].
The following qualitative characteristics were noted: “green” and “fruity” aromas from butyl acetate,
“sweet” aroma from benzaldehyde ([24], the present study), and bitterness EIT < 3.1 (the present study).
These values are suitable as a preliminary standard for sea urchin gonads of commercial value.

Further, the results of sensory evaluation and quantitative data of BS and SU gonads indicate
that those containing > 519 mg/100 g of alanine and < 255 mg/100 g of arginine [25], without an
unpleasant sulfur odor, and with an umami EIT > 13.8 (present study) can be highly marketable.
As M. nudus is the most expensive sea urchin on the world market [20], these quality standards could
be applicable worldwide.

Both S. japonica and U. pinnatifida are cultivated abundantly in Japan, Korea, and China and the
total production in these countries was 13,768,680 t (in wet weight) in 2018 [49]. In Japan, the basal
frond portion S. japonica remains on the cultivation rope after the harvest and is then discarded
(Ohkami, Fudai Fisheries Cooperative Association, personal communication). Large amounts of
U. pinnatifida sporophyll have been discarded depending on the market price, which fluctuates widely
each year (Funato, Okirai Fisheries Cooperative Association, personal communication). In addition,
the United Nations has adopted as its fourteenth sustainable development goal: “Conserve and
sustainably use the oceans, seas and marine resources for sustainable development” [50]. Therefore,
short-term culture of M. nudus collected from barrens using these discarded portions of cultivated kelps
is a highly cost-effective strategy that could contribute to achieving the goals of higher performance of
sustainable aquaculture.

5. Conclusions

A larger number of odor-active compounds were detected in gonads of BS and SU than those of NF.
The pleasant “green”, “sour”, and “fruity” aromas from butyl acetate detected from gonads of BS and
SU are here recognized as essential flavor components of high-quality gonads. The taste of sea urchin
gonads analyzed by a taste-sensing system revealed a large variation depending upon the kind of food
that sea urchins were fed. The gonads of BS and SU treatments had a strong umami taste compared to
those of NF, WEB and WBA sea urchins. The taste-sensing system has a high potential to accurately
measure the combination of amino acids and 5′-ribonucleotides content contributing to the umami
taste of gonads. Gonads with “green” and “fruity” aromas from butyl acetate, “sweet” aroma from
benzaldehyde, umami EIT > 13.8, bitterness EIT < 3.1, and without an unpleasant sulfur odor (low level
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of sulfur-containing compounds) can be highly marketable. A test omitting odor-active compounds is
still required to clearly identify the compounds constituting the overall flavor of high-quality gonads.

Supplementary Materials: The following are available online at http://www.mdpi.com/1424-8220/20/24/7008/s1,
data sheets S1: Raw data of peak areas of odor-active compounds and EIT values.

Author Contributions: Conceptualization, S.T., Y.S. and Y.A.; methodology, S.T., Y.A., Y.M., A.K., K.T. and N.I.;
software, S.T., A.K., K.T.; validation, S.T., Y.S., Y.M., A.K., K.T., N.I. and Y.A.; formal analysis, S.T.; investigation,
S.T. and Y.S.; resources, S.T. and Y.A.; data curation, S.T.; writing—original draft preparation, S.T.; writing—review
and editing, S.T., Y.S., Y.M., A.K., K.T., N.I. and Y.A.; visualization, S.T.; supervision, Y.A.; project administration,
S.T., Y.S., A.K. and Y.A.; funding acquisition, S.T., Y.S. and A.K. All authors have read and agreed to the published
version of the manuscript.

Funding: This study was financially supported by the grand-in-aid for JSPS fellows (grant number 17J02308) from
Japan Society for the Promotion of Science (S.T.), and basic science research funding of Riken Food Co., Ltd. (Y.S.)
and RIKEN VITAMIN Co., Ltd. (A.K.). The funders provided financial support in the form of salaries for authors
(S.T., Y.S., A.K.) and research materials, but did not have any additional role in the study design, data collection
and analysis, decision for publication, or preparation of the manuscript.

Acknowledgments: We sincerely thank D. Saito of Riken Food Co., Ltd., K. Kanazawa of the Hirota Fisheries
Cooperative Association and T. Saito, the head of Matsuiwa Suiken for providing S. japonica and U. pinnatifida.
We also thank M. Honjo and other staff members of Miyagi Prefecture Fisheries Technology Institute and A.
Suzuki, S. Hosoda, M. Hirotsune, M. Kuroda, W. Feng, N. Sowanaka and R. Takeshiro of Tohoku University for
their cooperation in the feeding experiments. We deeply appreciate M. Oshima and S. Kodama of the Diving
Stage Ariel and head of the youth division Y. Sugawara and other staff of the Shizugawa branch of the Miyagi
Fisheries Cooperative Association for their cooperation in sea urchin collection.

Conflicts of Interest: Authors Y.S. and A.K. received salaries from Riken Food Co., Ltd. and RIKEN VITAMIN
CO., Ltd., respectively. There are no relevant patents or marketed products to declare. This does not alter our
adherence to MDPI policies on sharing data and materials.

References

1. Walker, C.W.; Böttger, S.; Unuma, T.; Watts, S.A.; Harris, L.G.; Lawrence, A.L.; Eddy, S.D. Enhancing
the commercial quality of edible sea urchin gonads—Technologies emphasizing nutritive phagocytes.
In Echinoderm Aquaculture; Brown, N.P., Eddy, S.D., Eds.; Wiley Blackwell: Hoboken, NJ, USA,
2015; pp. 263–286.

2. Sun, J.; Chiang, F.S. Use and exploitation of sea urchins. In Echinoderm Aquaculture; Brown, N.P., Eddy, S.D.,
Eds.; Wiley Blackwell: Hoboken, NJ, USA, 2015; pp. 25–45.

3. Metropolitan Central Wholesale Market. Market Statistical Information. 2019. Available online: http:
//www.shijou-tokei.metro.tokyo.jp/ (accessed on 29 August 2019). (In Japanese).

4. FAO. Food Supply—Livestock and Fish Primary Equivalent. 2019. Available online: http://www.fao.org/

faostat/en/#data/CL/visualize (accessed on 17 April 2019).
5. FAO. Fishery Commodities and Trade. 2019. Available online: http://www.fao.org/fishery/statistics/global-

commodities-production/en (accessed on 29 August 2019).
6. McBride, S.C.; Price, R.J.; Tom, P.D.; Lawrence, J.M.; Lawrence, A.L. Comparison of gonad quality factors:

Color, hardness and resilience, of Strongylocentrotus franciscanus between sea urchins fed prepared feed or
algal diets and sea urchins harvested from the Northern California fishery. Aquaculture 2004, 233, 405–422.
[CrossRef]

7. Woods, C.M.C.; James, P.J.; Moss, G.A.; Wright, J.; Siikavuopio, S. A comparison of the effect of urchin size
iand diet on gonad yield and quality in the sea urchin Evechinus chloroticus Valenciennes. Aquacult. Int. 2008,
16, 49–68. [CrossRef]

8. Takagi, S.; Murata, Y.; Inomata, E.; Endo, H.; Aoki, M.N.; Agatsuma, Y. Improvement of gonad quality of the
sea urchin Mesocentrotus nudus fed the kelp Saccharina japonica during offshore cage culture. Aquaculture
2017, 477, 50–61. [CrossRef]

9. Kelly, M.S.; Symonds, R.C. Carotenoids in sea urchins. In Sea Urchins: Biology and Ecology, 3rd ed.;
Lawrence, J.M., Ed.; Academic Press: San Diego, CA, USA, 2013; pp. 171–177.

10. Takagi, S.; Murata, Y.; Inomata, E.; Aoki, M.N.; Agatsuma, Y. Production of high quality gonads in the sea
urchin Mesocentrotus nudus (A. Agassiz, 1864) from a barren by feeding on the kelp Saccharina japonica at the
late sporophyte stage. J. Appl. Phycol. 2019, 31, 4037–4048. [CrossRef]

http://www.mdpi.com/1424-8220/20/24/7008/s1
http://www.shijou-tokei.metro.tokyo.jp/
http://www.shijou-tokei.metro.tokyo.jp/
http://www.fao.org/faostat/en/#data/CL/visualize
http://www.fao.org/faostat/en/#data/CL/visualize
http://www.fao.org/fishery/statistics/global-commodities-production/en
http://www.fao.org/fishery/statistics/global-commodities-production/en
http://dx.doi.org/10.1016/j.aquaculture.2003.10.014
http://dx.doi.org/10.1007/s10499-007-9124-z
http://dx.doi.org/10.1016/j.aquaculture.2017.04.033
http://dx.doi.org/10.1007/s10811-019-01895-6


Sensors 2020, 20, 7008 11 of 12

11. De Quirós, A.R.B.; López-Hernández, J.; González-Castro, M.J.; de la Cruz-García, C.; Simal-Lozano, J.
Comparison of volatile components in fresh and canned sea urchin (Paracentrotus lividus, Lamarck) gonads
by GC–MS using dynamic headspace sampling and microwave desorption. Eur. Food Res. Technol. 2001,
212, 643–647. [CrossRef]

12. Niimi, J.; Leus, M.; Silcock, P.; Hamid, N.; Bremer, P. Characterisation of odour active volatile compounds of
New Zealand sea urchin (Evechinus chloroticus) roe using gas chromatography–olfactometry–finger span
cross modality (GC–O–FSCM) method. Food Chem. 2010, 121, 601–607. [CrossRef]

13. Phillips, K.; Niimi, J.; Hamid, N.; Silcock, P.; Delahunty, C.; Barker, M.; Sewell, M.; Bremer, P. Sensory and
volatile analysis of sea urchin roe from different geographical regions in New Zealand. LWT-Food Sci. Technol.
2010, 43, 202–213. [CrossRef]

14. Kobayashi, Y.; Habara, M.; Ikezazki, H.; Chen, R.; Naito, Y.; Toko, K. Advanced taste sensors based on
artificial lipids with global selectivity to basic taste qualities and high correlation to sensory scores. Sensors
2010, 10, 3411–3443. [CrossRef]

15. Yamada, J.; Tokunaga, N.; Nashimoto, A.; Inamori, M.; Matsuda, H. Inhibitory effect of Katsuo-dashi dried
bonito stock on the taste and odor of lactic acid. J. Cookery Sci. Jpn. 2011, 44, 122–127, (In Japanese with
English Abstract).

16. Touhata, K.; Habara, M.; Ikezaki, H.; Ishida, N. Applicability of a taste sensing system to objectively assess
taste of seafood. In Proceedings of the JSFS 85th Anniversary Commemorative International Symposium
2017, Tokyo, Japan, 22–24 September 2017; p. 10021.

17. Uchida, M.; Kurushima, H.; Ishihara, K.; Murata, Y.; Touhata, K.; Ishida, N.; Niwa, K.; Araki, T.
Characterization of fermented seaweed sauce prepared from nori (Pyropia yezoensis). J. Biosci. Bioeng.
2017, 123, 332–372. [CrossRef]

18. Kitaoka, C.; Hosoe, J.; Hakamatsuka, T.; Araya, K.; Habara, M.; Ikezaki, H.; Hamada-Sato, N.; Shinagawa, A.;
Yamamoto, J.; Kato-Yoshinaga, Y. Taste component analysis of Pacific oysters cultured in Konagai,
Nagasaki and taste evaluation using a taste-sensing system. Jpn. J. Food Chem. Safety 2016, 23, 63–71.

19. Murayama, F.; Sato, J.; Touhata, K.; Ishida, N. Taste evaluations of ovigerous and soft-shelled female
swimming crab Portunus trituberculatus meat extracts. Nippon Suisan Gakkaishi 2018, 84, 425–433, (In Japanese
with English Abstract). [CrossRef]

20. Unuma, T. Introduction: Sea urchin fisheries in Japan. In Echinoderm Aquaculture; Brown, N.P., Eddy, S.D.,
Eds.; Wiley Blackwell: Hoboken, NJ, USA, 2015; pp. 77–85.

21. Agatsuma, Y. Ecological studies on the population dynamics of the sea urchin Strongylocentrotus nudus.
Sci. Rep. Hokkaido Fish. Exp. Stn. 1997, 51, 1–66, (In Japanese with English Abstract).

22. Agatsuma, Y.; Sato, M.; Taniguchi, K. Factors causing brown-colored gonads of the sea urchin
Strongylocentrotus nudus in northern Honshu, Japan. Aquaculture 2005, 249, 449–458. [CrossRef]

23. Takagi, S.; Murata, Y.; Inomata, E.; Endo, H.; Aoki, M.N.; Agatsuma, Y. Dietary effect of kelp
(Saccharina japonica) on gonad quantity and quality in sea urchins (Mesocentrotus nudus) collected from a
barren before the fishing season. J. Shellfish Res. 2018, 37, 659–669. [CrossRef]

24. 24. Takagi, S.; Sato, Y.; Kokubun, A.; Inomata, E.; Agatsuma, Y. Odor-active compounds from the gonads of
Mesocentrotus nudus sea urchins fed Saccharina japonica. PLoS ONE 2020, 15, e0231673. [CrossRef]

25. Takagi, S.; Murata, Y.; Agatsuma, Y. Feeding the sporophyll of Undaria pinnatifida kelp shortens the culture
duration for the production of high-quality gonads of Mesocentrotus nudus sea urchins from a barren.
Aquaculture 2020, 528, 735503. [CrossRef]

26. Sato, Y.; Takagi, S.; Inomata, E.; Agatsuma, Y. Odor-active volatile compounds from the gonads of the sea
urchin Mesocentrotus nudus in the wild in Miyagi Prefecture, Tohoku, Japan. Food Nutr. Sci. 2019, 10, 860–875.

27. Zhu, X.; Gao, Y.; Chen, Z.; Su, Q. Development of a Chromatogrophic fingerprint of tobacco flavor by use of
GC and GC-MS. Chromatographia 2009, 69, 735–742. [CrossRef]

28. McDonnell, E.; Hulin-Bertaud, S.; Sheehan, E.M.; Delahunty, C.M. Development and learning process of
a sensory vocabulary for the odor evaluation of selected distilled beverages using descriptive analysis.
J. Sens. Stud. 2001, 16, 425–445. [CrossRef]

29. Phillips, K.; Bremer, P.; Silcock, P.; Hamid, N.; Delahunty, C.; Barker, M.; Kissick, J. Effect of gender, diet
and storage time on the physical properties and sensory quality of sea urchin (Evechinus chloroticus) gonads.
Aquaculture 2009, 288, 205–215. [CrossRef]

http://dx.doi.org/10.1007/s002170100315
http://dx.doi.org/10.1016/j.foodchem.2009.12.071
http://dx.doi.org/10.1016/j.lwt.2009.08.008
http://dx.doi.org/10.3390/s100403411
http://dx.doi.org/10.1016/j.jbiosc.2016.10.003
http://dx.doi.org/10.2331/suisan.17-00059
http://dx.doi.org/10.1016/j.aquaculture.2005.04.054
http://dx.doi.org/10.2983/035.037.0318
http://dx.doi.org/10.1371/journal.pone.0231673
http://dx.doi.org/10.1016/j.aquaculture.2020.735503
http://dx.doi.org/10.1365/s10337-009-0968-4
http://dx.doi.org/10.1111/j.1745-459X.2001.tb00311.x
http://dx.doi.org/10.1016/j.aquaculture.2008.11.026


Sensors 2020, 20, 7008 12 of 12

30. Anjiki, N.; Kawahara, N.; Goda, Y. Studies on the taste profile analysis of Setsucha products by a taste-sensing
system. Jpn. J. Food Chem. 2007, 14, 121–127, (In Japanese with English Abstract).

31. Whitfield, F.B. Microbiology of food taints. Int. J. Food Sci. Technol. 1998, 33, 31–51. [CrossRef]
32. Le Guen, S.; Prost, C.; Demaimay, M. Characterization of odorant compounds of mussels (Mytilus edulis)

according to their origin using gas chromatography–olfactometry and gas chromatography–mass
spectrometry. J. Chromatogr. A 2000, 896, 361–371. [CrossRef]

33. Cruz-Romero, M.; Kerry, J.P.; Kelly, A.L. Changes in the microbiological and physicochemical quality of
high-pressure-treated oyster (Crassostrea gigas) during chilled storage. Food Control 2008, 19, 1139–1147. [CrossRef]

34. Oishi, K.; Kunisaki, N. Free amino acid composition of acceleratedly cultured makombu, Laminaria japonica, at
different growing stages. Bull. Jpn. Soc. Sci. Fish. 1970, 36, 1181–1185, (In Japanese with English Abstract). [CrossRef]

35. Fukushi, A. Seasonal variation of components in different parts of cultivated Japanese kelp (Laminaria japonica).
Sci. Rep. Hokkaido Fish. Exp. Stn. 1988, 31, 55–61, (In Japanese with English Abstract).

36. Takagi, S.; Murata, Y.; Inomata, E.; Aoki, M.N.; Agatsuma, Y. Pronounced effects of the basal frond portion
of the kelp Saccharina japonica on gonad qualities of the sea urchin Mesocentrotus nudus from a barren.
Aquaculture 2020, 516, 734623. [CrossRef]

37. Komata, Y. Studies on the extractives of “Uni”–IV. Taste of each component in the extractives. Bull. Jpn. Soc.
Sci. Fish. 1964, 30, 749–756, (In Japanese with English Abstract). [CrossRef]

38. Agatsuma, Y. Aquaculture of the sea urchin (Strongylocentrotus nudus) transplanted from coralline flats in
Hokkaido, Japan. J. Shellfish Res. 1998, 17, 1541–1547.

39. Hoshikawa, H.; Takahashi, K.; Sugimoto, T.; Tuji, K.; Nobuta, S. The effects of fish meal feeding on the gonad
quality of cultivated sea urchins, Strongylocentrotus nudus (A. AGASSIZ). Sci. Rep. Hokkaido Fish. Exp. Stn.
1998, 52, 17–24, (In Japanese with English Abstract).

40. Murata, Y.; Sata, N.U. Isolation and structure of pulcherrimine, a novel bitter-tasting amino acid, from the sea
urchin (Hemicentrotus pulcherrimus) ovaries. J. Agric. Food Chem. 2000, 48, 5557–5560. [CrossRef] [PubMed]

41. Osako, K.; Kiriyama, T.; Ruttanapornvareesakul, Y.; Kuwahara, K.; Okamoto, A.; Nagano, N. Free amino
acid compositions of the gonad of the wild and cultured sea urchins Anthocidaris crassispina. Aquaculture Sci.
2006, 54, 301–304.

42. Inomata, E.; Murata, Y.; Matsui, T.; Agatsuma, Y. Gonadal production and quality in the sea urchin
Mesocentrotus nudus fed a high-protein concentrated red alga Pyropia yezoensis. Aquaculture 2016, 454, 184–191.
[CrossRef]

43. Akitomi, H.; Tahara, Y.; Yasuura, M.; Kobayashi, Y.; Ikezaki, H.; Toko, K. Quantification of tastes of amino
acids using taste sensors. Sens. Actuators B Chem. 2013, 179, 276–281. [CrossRef]

44. Ninomiya, K. Science of umami taste: Adaptation to gastronomic culture. Flavour 2015, 4, 13. [CrossRef]
45. Kirimura, J.; Shimizu, A.; Kimizuka, A.; Ninomiya, T.; Katsuya, N. The contribution of peptides and amino

acids to the taste of feedstuffs. J. Agric. Food Chem. 1969, 17, 689–695. [CrossRef]
46. Kurihara, K. Umami the fifth basic taste: History of studies on receptor mechanisms and role as a food flavor.

BioMed Res. Int. 2015, 189402. [CrossRef]
47. Unuma, T.; Murata, Y.; Hasegawa, N.; Sawaguchi, S.; Takahashi, K. Improving the food quality of sea urchins

collected from barren grounds by short-term aquaculture under controlled temperature. Bull. Fish. Res. Agen.
2015, 40, 145–153.

48. Pert, C.; Swearer, S.E.; Dworjanyn, S.A.; Kriegisch, N.; Turchini, G.; Francis, D.; Dempster, T. Barrens of gold:
Gonad conditioning of an overabundant sea urchin. Aquacult. Environ. Interact. 2018, 10, 345–361. [CrossRef]

49. FAO. Global Aquaculture Production. 2020. Available online: http://www.fao.org/fishery/statistics/global-
aquaculture-production/en (accessed on 24 May 2020).

50. UN. Transforming our World: The 2030 Agenda for Sustainable Development. 2015. Available online:
https://sustainabledevelopment.un.org/post2015/transformingourworld (accessed on 24 May 2020).

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1046/j.1365-2621.1998.00156.x
http://dx.doi.org/10.1016/S0021-9673(00)00729-9
http://dx.doi.org/10.1016/j.foodcont.2007.12.004
http://dx.doi.org/10.2331/suisan.36.1181
http://dx.doi.org/10.1016/j.aquaculture.2019.734623
http://dx.doi.org/10.2331/suisan.30.749
http://dx.doi.org/10.1021/jf0004917
http://www.ncbi.nlm.nih.gov/pubmed/11087518
http://dx.doi.org/10.1016/j.aquaculture.2015.12.003
http://dx.doi.org/10.1016/j.snb.2012.09.014
http://dx.doi.org/10.1186/2044-7248-4-13
http://dx.doi.org/10.1021/jf60164a031
http://dx.doi.org/10.1155/2015/189402
http://dx.doi.org/10.3354/aei00274
http://www.fao.org/fishery/statistics/global-aquaculture-production/en
http://www.fao.org/fishery/statistics/global-aquaculture-production/en
https://sustainabledevelopment.un.org/post2015/transformingourworld
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Sea Urchin Samples 
	Odor-Active Volatile Compound Analysis 
	Taste Analysis 

	Results 
	Odor-Active Compounds 
	Taste Analyzed by the Taste-Sensing System 

	Discussion 
	Odor-Active Compounds 
	Taste Analysis 
	Standard of High-Quality Gonad of M. nudus 

	Conclusions 
	References

