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Identifying the sensory properties of fish consumers is important for providing

their preferred seafood. Odor, flavor, texture, and appearance a�ected the

sensory preference for fish. Moreover, several compounds are involved in

sensory preference. This study focused on lipids that a�ect preference for

seafood and examined the lipid content preference in marlin Kajikia audax

sashimi. First, lipid contents and fatty acid compositions of di�erent individual

sizes and body parts of marlin were compared. Next, the preference for overall,

taste, texture, odor, aftertaste, and lipid content in marlin sashimi taken from

di�erent parts of the body with di�erent amounts of lipids was investigated

using the paired preference method. Then the relationship of lipid content

preference with other preferences were also evaluated using the Chi-square

test. The crude lipid of big-sized marlin (51.1–55.1 kg) was 9.5%−13.2%, and the

crude lipid of small-sized marlin (23.5–30.0 kg) was 0.8%−1.2%. The dorsal parts

of big-sized marlin had lipid contents in the anterior parts higher than those in

the posterior parts (p < 0.05). Whereas no di�erences were observed in the fatty

acid composition of di�erent body parts. The lipid content preference for the

anterior dorsal part (high lipid part) was higher than that for the posterior dorsal

part (lower lipid part) (p < 0.05). However, no di�erence in overall preference

was observed. Additionally, the relationship between lipid content preference

and other preference were indicated that the high lipid content parts preferred

group significantly preferred the high lipid content parts at overall and taste

evaluation (p < 0.01). On the other hand, the low lipid content parts preferred

groups showed opposite evaluation. Therefore, the lipid content was associated

with the preference for marlin sashimi and be classified into two groups: one

prefers high lipid sashimi and the other prefers low lipid sashimi.
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1 Introduction

Food quality detectable by our senses can be divided into appearance, textural, and

flavor factors (Norman and Joseph, 1998). Food quality is influenced by taste, appearance,

and nutrition, among these factors, lipids are important components of the taste of seafood.

In seafood, the amount of lipids is a factor that affects taste. In our previous studies,

the general composition such as crude lipid and water content, texture, and muscle

structure of mackerels were investigated (Hashimoto et al., 2017, 2019; Hashimoto and

Yamashita, 2019, 2023a,b). Factors and features associated with the deterioration of the raw
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materials for sashimi were identified. However, the influence of

lipids on the taste perceived by consumers remains unknown.

Therefore, to fully understand the consumer preference, the

detailed regulatory mechanism of lipids should be elucidated.

Lipid content has attracted attention as a factor related to

consumer preference. Previous research has suggested that lipid

content is related to taste. Hayashi et al. (1981) found that only

12 components contributed toward producing the characteristic

taste of the snow crab. Koriyama et al. (2000) found that the

effects of oil on the taste of tuna extract depend on oil variety

and the quantity of oil added. Nishimura and Egusa (2019)

found that sensory analyses showed that the addition of umami

compounds to the sausage mix enhanced the intensity of retronasal

aroma sensation, the flavor complexity, the lingeringness of taste,

and the intensity of the umami of the sausage. However, how

lipid content affects with consumer preference remains to be

elucidated. Therefore, this study aimed to examine whether high

lipid content affects the taste perceived by consumers. Sensory

evaluation was performed using two samples with different

lipid contents.

2 Materials and methods

2.1 Materials

Marlins were caught using a longline Fishery and landed at

Katsuura port in Chiba Prefecture, Japan, between December 2019

and March 2023 [samples for analysis of crude lipid content and

fatty acid composition are shown in Table 1, samples for free

amino acid (FAA) composition and inosine 5’- monophosphate

(IMP) content samples are shown in Table 2]. These weights do

not include organs. Because market participants treat a marlin

that weighs over 40 kg as big-sized, this study also refers to a

marlin that weighs over 40 kg as a big-sized marlin and under

40 kg as a small-sized marlin (Table 1). After landing, the fish

were kept ice cold until brought to our laboratory. The fish

were then cut into 20-cm-length blocks (Figure 1). The sensory

test samples were wrapped in polyethylene bags and stored at

approximately 0◦C for 5–7 days after landing. We prepared

10-mm slices of muscles from blocks for the sensory test.

The remaining portion of the blocks was used for crude lipid

content analyses.

TABLE 1 Comparison of lipid contents by di�erent individual size of marlins.

Date of landing Orbital length (cm) Weight (kg) Size Crude lipid (%)

Dorsal part Ventral part

December 17, 2019 162 51.4 Big 13.2± 2.6 13.1± 3.2

February 3, 2020 177 55.1 Big 11.9± 3.9 12.1± 2.8

February 3, 2020 134 23.5 Small 1.2± 0.4 1.2± 0.1

February 25, 2020 176 51.1 Big 12.4± 2.8 9.5± 1.6

February 25, 2020 149 30.0 Small 0.8± 0.2 1.2± 0.1

2.2 Analysis of crude lipid content and fatty
acid composition

White muscle specimens of samples shown in Table 1 were

used to analyze the crude lipid content. The crude lipid content

was measured using Soxhlet extraction (Min and Steenson, 1998).

The crude lipid contents by each marlin (Table 1) and different

body parts (Figure 1) of big-sized marlin were investigated. In

addition, white muscle specimens from the anterior and posterior

parts of 23.5, 30.0, 55.1, and 51.1 kg marlins (Table 1) were used

to analyze fatty acid composition. Extracts for fatty acid analysis

were prepared according to the procedure of Folch et al. (1957),

and fatty acid methyl esters were prepared by transesterification

with 15% BF3-MeOH (Sigma, St. Louis, MO, USA). Those methyl

esters samples were analyzed using gas chromatography (Shimazu,

GC-2014, Japan), equipped with a FUSED SILICA capillary column

(Omegawax250, 30m× 0.25mm, film thickness 0.25µm; Supelco,

USA). A flame ionization detector was used to detect fatty acid

methyl esters. The oven temperature was set at 205◦C, and the

injection and detection temperatures were 260◦C. Helium was used

as the carrier gas. Fatty acids were identified by comparing with

retention times of standard fatty acid methyl esters (PUFA3-A,

Menhaden Oil; Supelco).

2.3 Sensory evaluation

Sensory evaluation was conducted to determine the preference

for different amounts of lipid content of marlin sashimi and carried

out with the participation of 48 for the February 20th tests and 40

for the March 10th test who were untrained volunteer panelists of

our institute aged between 20 and 60 s.

Different amounts of lipid content samples were used for

the sensory evaluation of the paired preference method. In the

sensory evaluation, the panelists evaluated the preference for

marlin sashimi on six points: overall, taste, texture, odor, aftertaste,

and lipid content. The panelists wore red sunglasses during the

evaluation to eliminate visual information. We confirmed that

the panelists couldn’t distinguished the color of the sashimi.

Furthermore, panelists rinsed their mouths with water between

each sample to avoid carryover effects. Samples for evaluation were

cut into 10-mm-thick pieces from the anterior dorsal part and

posterior dorsal part. The anterior dorsal part was the high lipid

content parts, the crude lipid content of marlin landed on February
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TABLE 2 Characteristics of marlins for the sensory evaluation and

chemical analyses.

Date of
landing

Date of test
sampling
(test)

Orbital
length
(cm)

Weight
(kg)

January 12, 2023 January 17, 2023

(FAA, IMP)

176 55.7

February 13, 2023 February 20, 2023

(sensory evaluation,

FAA, IMP)

174 48.5

March 5, 2023 March 10, 2023

(sensory evaluation,

FAA, IMP)

177 57.6

20th and March 10th were 9.6% and 12.8% respectively. On the

other hands the posterior dorsal part was low lipid contents parts,

the crude lipid content of marlin landed on February 20th and

March 10th were 2.1% and 0.8% respectively. Panelists evaluated

the relationship between lipid content preferences and overall

preference, taste, texture, and odor preference.

2.4 Analysis of the FAA composition and
IMP content of marlin muscles

Samples in Table 2 were used to analyze the FAA composition

and IMP content. The sample extraction method was followed as

per JAS0023 (2022). The FAA concentrations were analyzed using

an automatic amino acid analyzer (L-8900; High-Technologies,

Tokyo). In addition, nucleotides and their related compounds

were determined by high-performance liquid chromatography

(LC-20AD; Shimadzu, Kyoto, Japan) with an Asahipak GS-320HQ

column (Showa Denko, Tokyo) followed as JAS0023.

2.5 Statistical analysis

Comparison of crude lipid contents in different parts of

marlin was analyzed using one-way analysis of variance (ANOVA),

followed by Tukey’s multiple comparison test using R software

v.2.8.1. In addition, comparison of fatty acid components in

different parts of marlin was performed using t-tests implemented

in Excel Statistics for Windows 11 (Microsoft Corp., Redwood,

WA, USA). We confirmed the relationship between lipid content

preferences and the overall preference, taste, texture, and odor

preference using the chi-squared test.

3 Results and discussion

3.1 Comparison of lipid contents by
individual size and body part

We confirmed that the lipid content differs depending on

the size and body parts of individual marlin. The crude lipid

contents of the muscle for different sizes of marlin are shown

in Table 1. The crude lipid of big-sized marlin (51.1–55.1 kg) was

9.5%−13.2%, and the crude lipid of small-sized marlin (23.5–

30.0 kg) was 0.8%−1.2%. The lipid contents of big-sized marlin

were higher than that of small-sized marlin. A comparison of lipid

contents by different body parts of the big-sized marlin is shown

in Figure 1. Comparisons were performed at different parts on

the dorsal regions. Similar comparisons were made at different

ventral regions. No significant differences in the crude lipid content

of different parts of the ventral regions. However, in the dorsal

regions, the crude lipid content of the no. 1 part, the anterior part,

was significantly higher than that of nos. 3–6, the posterior parts

(ANOVA, p < 0.05), additionally, the crude lipid content of the

no. 2 part, the anterior part, was significantly higher than that of

no. 4–6, the posterior parts (ANOVA, p < 0.05). Overall, the crude

lipid content of the anterior dorsal parts was significantly higher

than that of the posterior dorsal parts. The seafood wholesaler said

that marlins have a lot of lipids on the anterior dorsal parts. These

data confirm this seafood wholesaler’s experience. In this study, we

used a big-sized marlin as a sample and compared the preference

between the anterior dorsal parts (high lipid contents) and the

posterior dorsal parts (low lipid contents).

3.2 Fatty acid composition of crude lipids in
di�erent parts of marlin

Whether the fatty acid composition differs depending on the

body part of the marlin was investigated. Fatty acid compositions

of crude lipids in different parts of marlin are shown in Figure 2.

No significant differences were observed between the anterior and

posterior parts of fatty acid compositions. Differences in fatty acids

might cause preference differences; however, no difference in fatty

acid compositions was observed in different parts of a marlin. This

effect is considered negligible in the different body parts of marlin.

3.3 Panelists’ preference for marlin sashimi
with di�erent lipid contents muscle

We confirmed the panelists’ preference for marlin sashimi with

different lipid contents muscle. Selectivity in different lipid content

parts is shown in Figure 3. The lipid content preference for the high

lipid part was higher than that for the low lipid part. Many people

felt that the high lipid part was preferable to the low lipid part in

terms of lipid content preference (t-test, p < 0.05). However, no

difference in overall preference was observed. Panelists feel that

high lipid samples are preferred in the lipid content preference;

however, panelists do not necessarily feel that high lipid samples

are preferred in overall preference.

3.4 Relationship between lipid content
preference and other preferences

We investigated how the preference for lipid content

affects other evaluations. The relationship between lipid content

preference and other preferences is shown in Table 3.We confirmed

the relationship between lipid content preferences and the overall
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FIGURE 1

Comparison of lipid contents of di�erent body parts of big-sized marlins (51.1–55.1 kg). Data are presented as means ± SE (n = 3). No significant

di�erences in the crude lipid content of the ventral regions muscle were observed. Di�erent uppercase letters above sampling dates indicate

significant di�erences between di�erent body parts in the dorsal regions of the marlin muscle (p < 0.05).

FIGURE 2

Fatty acid composition of crude lipid in di�erent body parts of big-sized marlins (51.1–55.1 kg). Data are presented as means ± SE (n = 4). No

significant di�erences in the fatty acid composition of crude lipid content of marlin muscles were observed.
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FIGURE 3

Selectivity in di�erent lipid contents of merlin body parts (* p < 0.05).

preference, taste, texture, and odor preference. We conducted

a Chi-squared test in these three evaluations, and lipid content

preference was associated with the overall and taste preference in all

evaluations. From this analysis, it was clarified that the lipid content

affected the overall and taste preference for marlin sashimi. It was

supposed that there was a group of people that preferred high lipid

sashimi, while there was a group of people that preferred low lipid

sashimi, and those preference was affect by lipid content.

3.5 FAA composition and IMP content in
di�erent parts of marlins

Taste components such as FAA and IMP are known to

influence food preferences (Nalan and Pinar, 2015). Therefore,

we compared the contents of FAA and IMP in the anterior and

posterior dorsal parts of marlins (Table 4) and found no significant

difference between the anterior and posterior dorsal parts of

marlins. Therefore, the taste component effect is negligible in

this study.

4 Discussion

This study found the consumer preference for marlin sashimi.

The amount of lipid content may also influence consumer

preference and be classified into two groups: one prefers high lipid

sashimi and the other prefers low lipid sashimi.

We confirmed crude lipid contents and fatty acid composition

in Table 1 and Figures 1, 2. From this data, we clarified the lipid

status characteristics of marlins. Differences in fatty acids might

affect seafood preference (Torstensen et al., 2005; Stone et al., 2010),

so these components were analyzed. However, no difference in fatty

acid compositions was observed in different parts of the marlin,

therefore, this effect is negligible. While sensory evaluation was

conducted on rainbow trout (Stone et al., 2010), Atlantic Salmon

(Torstensen et al., 2005) fed diets supplemented with oil showed

different fatty acid compositions. It indicated that preferences

were dependent on the fatty acid composition of oil. However,

in beef, no difference in preference was observed even if the

fatty acid composition was different (Kerth et al., 2015). Thus,

it cannot be denied that fatty acid composition affects seafood

preference. Further studies should confirm the effects of fatty

acid composition.

Additionally, taste components such as FAA and IMP are

known to influence food preference. We confirmed no difference

in FAA and IMP content (Table 4). Therefore, the taste component

effect is negligible in this study.

We also confirmed the panelists’ preference for marlin sashimi

with muscle with different lipid contents in Figure 3 and Table 3.

Panelists feel that high lipid samples are preferred in the lipid

content preference; however, panelists do not necessarily feel

that high lipid samples are preferred in overall preference in

Figure 3. Whereas, the lipid content affected the overall and

taste preference, because some panelists preferred the high

lipid content, while others preferred the low lipid content in
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TABLE 3 Relationship lipid content preference and other preferences.

Preference lipid content Chi-squared value p

High lipid Low lipid

Evaluation on February 20, 2023.

Preference Overall High lipid 20 3 6.81 <0.01∗∗

Low lipid 13 12

Taste High lipid 22 4 6.65 <0.01∗∗

Low lipid 11 11

Texture High lipid 18 15 7.21 <0.01∗∗

Low lipid 2 13

Odor High lipid 20 13 0.81 0.37

Low lipid 7 8

Aftertaste High lipid 16 17 0.30 0.58

Low lipid 6 9

First evaluation on March 10, 2023

Preference Overall High lipid 19 2 8.83 <0.01∗∗

Low lipid 9 10

Taste High lipid 21 3 8.75 <0.01∗∗

Low lipid 7 9

Texture High lipid 13 15 1.61 0.20

Low lipid 3 9

Odor High lipid 17 11 0.39 0.53

Low lipid 6 6

Aftertaste High lipid 16 12 0.81 0.37

Low lipid 6 9

Second evaluation on March 10, 2023

Preference Overall High lipid 22 3 12.77 <0.01∗∗

Low lipid 5 10

Taste High lipid 24 3 17.32 <0.01∗∗

Low lipid 3 10

Texture High lipid 18 9 2.86 0.09

Low lipid 5 8

Odor High lipid 20 7 4.75 0.03∗

Low lipid 5 8

Aftertaste High lipid 21 6 8.27 <0.01∗∗

Low lipid 4 9

∗ p < 0.05, ∗∗ p < 0.01.

Table 3. These results may indicate that high lipid sashimi is

not always preferred. In beef, almost the same phenomenon is

observed. Sasaki et al. (2017) reported that although the major

trend of Japanese consumers’ beef preference was “marbling

liking,” 16.9% preferred beef samples with moderate marbling

and distinctive taste. It indicated that not all consumers show

a high preference for meat with high-fat content. A similar

trend may exist in this study for marlin sashimi. Furthermore,

consumer preference might be influenced by age, sexuality, eating

experience of sashimi, health status, and internal organ function.

We interviewed the panelists after the study, who expressed

the opinion that they do not like eating high amounts of lipid

seafood because it makes them feel sick. In addition, the age and

gender of the panelists were asked in that sensory evaluation,
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TABLE 4 The free amino acid composition and IMP content in di�erent

parts of marlin.

Anterior dorsal
part

Posterior
dorsal part

Amino acid (mg/100g)

Aspartic acid 0.32± 0.15 0.43± 0.25

Threonine 7.57± 1.47 7.53± 0.92

Serine 7.20± 0.57 7.11± 0.65

Glutamic acid 19.07± 5.13 17.16± 4.31

Glycine 14.43± 2.88 14.67± 2.41

Alanine 18.77± 4.14 17.97± 4.13

Methionine 2.31± 0.32 2.65± 0.34

Isoleucine 4.17± 0.04 4.68± 0.27

Leucine 8.15± 0.63 8.99± 0.80

Phenylalanine 3.12± 0.67 3.42± 1.12

Tryptophan 1.29± 0.09 1.44± 0.09

Lysine 10.73± 3.34 11.42± 3.97

Histidine 736.81± 143.08 817.39± 277.09

Arginine 4.21± 1.17 4.34± 1.22

Proline 8.17± 4.11 5.99± 3.09

Total 846.32± 153.14 925.18± 276.48

IMP (µmol/g) 6.57± 0.18 7.75± 0.79

Mean± SE, n= 3

then, we confirmed the relationship between these factors and

their preferences. No relationship was found with these factors.

To clarify this relationship, it is necessary to evaluate seafood

preference with more panelists than in this study. Overall, these

results suggest that the amount of lipid content may also influence

consumer preference and be classified into two groups: one

prefers high lipid sashimi and the other prefers low lipid sashimi.

However, further studies are required to reveal the consumer

preference for seafood, so we would like to continue testing

using a variety of fish species to clarify consumers’ preferences

for seafood.
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