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Development of a quality grade of mackerel (Scomber japonicus)

based on analysis of seasonal major food nutrients

Geon-Woo Park

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

In seafood products, including fish and shellfish, no standard index of quality is
particularly obvious comparing to the standardization of livestock products for quality
grade. In addition, there is not enough information on major nutrient contents, an
important value for the fish quality according to the catching season and weight, even
though it has been known that the contents differ according to catching season and size.
As a consequence, it was investigated the change of major nutrient contents according
to the catching season and weight. Thus, the object of this study is to develop a quality
index for Mackerel, Scomber japonicus, the most popular finfish in Korea. Mackerel
samples were collected from a Busan cooperative fish market, the biggest market for
mackerel distribution in Korea, and were divided into 6 grades based on weight that is
usually applied for grading of mackerel in the fish market (Grade 1: 150 g-200 g; Grade
2: 200 g-300g; Grade 3: 300 g-400g; Grade 4: 400 g-500g; Grade 5: 500 g-600g; Grade
6: >600 g). In order to develop a quality index of mackerel, it was conducted the
analysis of nutrient contents such as crude lipids, fatty acids, monounsaturated fatty

acid and polyunsaturated fatty acid since the nutrient will be a criterion for developing



a quality index. The analysis of crude lipid contents, well-known a food ingredient
related with mackerel' taste, revealed 7.28%-13.19% content from August to October
samples in case of Grade 4-6 of mackerel that is widely consumed by general consumer.
The fatty acid analysis exhibited high content of polyunsaturated fatty acids among
saturated fatty acids, monounsaturated fatty acids, and polyunsaturated fatty acids. In
particular, DHA and EPA, which are the most representative unsaturated fatty, are
about twice higher than that of other unsaturated fatty acids in mackerel. Based on the
above results, a quality index was determined from the correlation between major
nutrient content and fish weight or catching season. Among them, crude lipid contents
only exhibited very strong correlation with body weight but not fatty acid contents.
Furthermore, the crude lipid contents increase with increasing body weight. However,
no significant relationship was observed between the catching season and the crude
lipid contents. The results obtained in this study revealed a strong correlation between
the crude lipid contents and the fish weight. Thus, this finding suggests that the crude
lipid content in mackerel might be a potential nutritional indicator in predicting

mackerel food quality.

Vi



Aol $-2]het of A

=
T

s

[e)
A THFAO, 2018). 2030 A =714

AR

313

S

g

S

S

LA &

65.9 kg S.&= A Al A F 3 A =71

~
file)

ol
o

o]

H

3h
} 37 (Innes

[<]

Al ol A

A

o

3

= A

=

7 2

Z~(Yee et al., 2010), H & &

J2}ar & 4= 9l © M (Kim et al., 2016),
B

[e)

e

1}k

}ot. DHA $} EPA ¢] 73

°©

AR E]
B

&1 & ¢l o1 53], eicosapentaenoic acid (EPA)Y} docosahexaenoic acid (DHA) 2}
Al A (Zhang et al., 2013), 2 &

1

FAE % bl vl o Eo®, ) ol 4
=

Sl TH(Avallone et al., 2019). EPA 9]

BAH ZFA7F s

o



2 3} o " (Mortensen et al., 2009), @3t AW 5 T3t A4 7] 5& 7HA AL
Q= Ao ® HaEo] 9ltk(Sawada et al., 2010). IL50] 8] A ko APAl

A7) T, Al

ofk

& won TR A o] T A L] Aol thAl =

=2 Qo7 Wiawo] QTHOH et al, 2016). 53] AFgh7]Ql 3~6 Yo] At

N
N

o
i)
=2
R

=]|
o
2
o
]

il
o

i

o
)
B

9\_,

o

o
o
N
N
o
ol
-z
&
>,
N
rO
pa)
o
!

Ao I o2 Fo34 248 AR BuFo] 3lov(Lee et al,
1986), B Wrob7h 911 24 0 2 A 5] o] QITH(Lee etal., 2001). A1 718 242
wol71E A 5 425y Bd 2 474 3 i Aoz £4E A7t
B9 0 Jeong et al., 1999), $-z|tieelA] AlgEE 1509 Al
Z2/3& A7 Ul§-] ATH(Park er al,, 2006). & ol Ky 315019 JUAI R
A A T AT Al B0 ATrd nbrh glo, Ak o] &3 e
kol 274 S & Ugfo]th(Ohet al., 2016). TAHE 2 o] 7] F 0 213 Al o

et s e A EH 0] ghoy, Suial Farsoi e A7) B %

ol

13
o
M

ol vt A7k vl sk, o) of] e g A e Q1 E-4 Bl 55 7)ol vh

it}
%,

%2 A A o] t(Mok et al., 2007; Yoon et al., 2010; Moon et al., 2011; Moon et al.,
2017). $-2 chebell A] o] 7 714 o] 18 Wl Hli= Ak B o] A1 4] 4,
Faso] 7o R 15200 g vwh), Z31(200-300 g), A~Z31(300-400 g),

TFo R

N

Z22211(400-500 g), 4231(500-600 g), 5 3L(600 g ©]7h)<e} o] &



o |5

17] it

R 3F AL

Ny

Foha AbmE) oA,

S

(Jung et al., 2021)

ot

A £]

A 717k4-6 2 717 T 1 e

L
i=1

xe

Aol A =

oF
o
7

T4

0

B

F% 2

2021d 7 9H¥E 2022 2 L7A] 9] AFAF A] 7] gl

Ho

A

—~
file)

ol

ol
o

¢+

B

il



I A E 9 9

1. 48 A% 8 Ao

2 ATl AHEE FusolE 2021d 7ERY 2 E7HA st E A 3
o A] el Al 4] 3F ST, Extraction cup (195 mL), cellulose thimbles (33x80 mm)<i=
VELP (VELP scientifica srl, Hwaseong, Korea)ol| A -] 3} %1 t}. Petroleum ether =
Duksan (Duksan Pure Chemical Co. Ltd, Ansan, Korea)®l| A %3} T}, Sodium
hydroxide, sodium chloride = Junsei (Junsei Chemical Co. Ltd, Tokyo, Japan)©l A
T-%1 3151 T}, BF; (Boron Trifluoride Methanol Complex Methanol Solution), hexane,
heptadecanoic acid, methanol < Merck (Merck KGaA, Seoul, Korea)®l A
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Table 1. Average weight of monthly mackerel samples divided into 6 grades by weight

Collection Grade (g)
month 1 2 3 4 5 6
171.8 253.6 356.4 450.8 532.0 633.6
2021 Jul.
(149216)D  (230-301)  (318-412)  (422-488)  (493-589)  (594-691)
183.8 271.4 341.6 460.6 558.0 664.4
2021 Aug.
(151211)  (236-315)  (305-386)  (425-490)  (516-579)  (629-722)
175.2 255.0 335.8 455.4 545.6 663.4
2021 Sep.
(139-198)  (219-286)  (306-374)  (403-492)  (514-585)  (635-689)
188.2 244.6 335.8 446.2 543.8 665.0
2021 Oct.
(171210)  (222-267)  (303-401)  (397-482) = (496572)  (619-717)
174.0 266.4 352.6 446.0 557.4 654.2
2021 Nov.
(143-193) (228205  (333-387)  (421-476) (537-591)  (611-679)
173.8 212.2 362.2 4446 557.0 642.0
2021 Dec.
(157-197)  (184-267) (320-390)  (408-488)  (510-578)  (607-664)
177.4 269.0 354.2 462.8 563.6 649.8
2022 Jan.
(150-200)  (242-294)  (311-382)  (437-497) (550-585)  (612-712)
178.8 265.6 352.2 465.4 551.6 650.8
2022 Feb.

(157-210)  (238-283)  (310-380)  (415-494)  (497-591)  (635-666)

YWeight range of samples (g)



Table 2. Average length of monthly mackerel samples divided into 6 grades by weight

Collection Grade (9)
month
1 2 3 4 5 6
2021 Jul 229 25.2 28.6 29.9 31.2 325
: (20245  (245-263) (27.0-30.2) (245-26.3) (30.0-32.7) (30.9-35.0)
2021 Aug. 23.4 25.3 27.4 30.3 32.2 325
(224-24.8) (24.2-27.1) (26.7-282) (29.8-31.3) (315-33.8) (32.3-33.1)
2021 Se 22.4 25.2 27.3 29.8 31.1 33.0
P- (202-232) (24.0-27.0) (265-28.3) (285-30.7) (30.6-3L3) (32.5-33.8)
2021 Oct 23.1 247 26.8 29.4 31.3 33.0
' (222-23.7) (234-254) (26.0-28.7) (28.1-30.5) (30.4-32.5) (32.3-34.0)
22.8 26.1 28.2 29.3 31.8 33.0
cieL Ny (210-23.9) (244-268) (275-28.6) (29.0-30.2) (30.6-32.6) (32.2-335)
2021 Dec. 23.3 24.6 28.1 29.5 31.7 324
(22.8-242) (235-26.1) (27.3-28.7) (29.1-30.2) (31.1-32.8) (31.5-33.0)
2022 Jan 24.0 26.9 29.4 30.6 32.7 33.0
: (228-252) (26.0-27.6) (28.1-30.0) (298-311) (3L7-335) (32.2-34.9)
2022 Eeb. 24.1 26.9 28.8 30.6 32.2 33.7

(23.1-25.0) (264-27.6) (27.5-29.6) (29.8-31.6) (31.1-33.5) (33.0-34.3)

YLength range of samples (g)



ZA 352 Randall 24 FE55 5wt X13838191 .1 solvent extraction
(SER 158 series automatic solvent extraction, VELP, Italia) & ©]|-&-3}o] F=3} 3t}
solvent extraction 2] &4 2271 © 2 AOAC 948.15 (determination of total fat in fish

Folom, BA 278 Table 3 7 2T}, -80°Ce]

off

and derived products)= ™2} %18
54 A7 sample = 35 3 $, 6.00+0.05 g 5 1] cellulose thimble ¢l 4 ST}
sample ©] ©7] cellulose thimble <= ™| 2] petroleum ether 100 mL ©] &3] extraction
cup 2 A3EtA] solvent & sample ©] HEH A& o5& immersion &
718519t} Immersion ©] 3 ¥ $- cellulose thimble £} 4 3% extraction cup <

solvent extractor 2} A 3sle] FE& X sF=d| ©] W removing ©] 3l | H A

solvent & T 'HA]7]aL 3|45} sample ©| solvent o] F71#] &= o]

™,
o
i,

T}, o] % washing ©] 3= HA] solvent extractor 2] condenser ]| 4]

Z} ¥ solvent 7} sample = HF52 0 7 o] &3l H A ZAWE HoU= 3} 0]

ok

& E 1} Washing 7 0] EUH, recovery Tl o] 21913 A solvent & FF

WA 7] 31 8] 8k g o] X E T, vhx| kO 2 cooling WA ol ol 5 A

olN

extraction cup = YZAAFEH. AP 233 WHEsiith FE2E AW T
105°C 2719 dry oven °|A &% extraction cup & FAE v]g] F43 &

FZo] ¢+5 9 extraction cup & F-Alol Az gto 7 7 A7) W SFHEE ]
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Table 3. Extraction conditions of crude lipids

AOAC 948.15 Methods

Solvent Petroleum ether 100 mL
Sample 6.00+0.05 g
Immersion 50 min
Removing 10 min
Washing 45 min
Recovery 30 min
Cooling 3 min

10



2.3 A HAE A JA

FZ9 =AW A A S 213l Reacti-therm Heating & Stirring Modules
(TS-18824, Thermo Fisher Scientific, USA)Z FZ=H AT A& A5

U

kd

& 4 (heptadecanoic acid in hexane)¥} 0.5 N NaOH in methanol = 7}38}¢

iz

100°C #+ 50014 71 9 whkS X8t & A2 23 F o] % BF; § 9=
7}8Fod methyl ester 3} AlZl Th5 hexane, sodium chloride (saturated solution)
7Fste] A AHS - E5FSlth A Wt &4 2 gas chromatography (Agilent 7890A,
Agilent Technologies, USA)®E =433t} STD ©] 7-%- Supelco 37 Component
FAME Mix (CRM47885, MERCK, Germany) S A}2-35}91 © ™, column < SP®-2560
Capillary GC Column (23348-U, MERCK, Germany)= A3} ). Injector 2}
detector <=1 250°C=2 A 315 ™ column oven <= 100°Col A A3 &
5°C/min .= 250°C7}A] & Al A 2] 3} T}, Carrier gas = hydrogen (50 cm/sec

constant)S AF-&-3F31 31, split ratio = 200:1 = S}t 42 3 3] REE5}SI T

11



Table 4. Gas chromatography analysis conditions for fatty acid analysis

STD CRM 47885 Supelco 37 Component FAME Mix
Column SP®-2560 Capillary GC Column
Oven 100°C, 5°C/min to 250°C
Carrier Gas hydrogen (50 cm/sec constant)
Injection 0.2 uL, 200:1 split
Inj. Temp. 250°C
Detector FID, 250°C

12



2.4 A 4

gk 7] 2ol e] FA

3

E

A

p<0.05, p<0.01 5= A]

o] &

3 2kl

43

57 42 SPSS statistical software (v.23.0, SPSS

L2 el

LR 78

= °%

Inc., USA)
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Table 5. Crude lipid contents of mackerel according to the catching month and

grades by weight

Grade
Samples
1 2 3 4 5 6
2021 Jul. 0.849 143 3.76 7.18 4.89 9.88
2021  Aug. 2.21 2.62 4.34 8.00 8.64 12.15
2021  Sep. 2.53 3.23 4.08 7.28 11.46 11.86
2021 Oct. 3.31 4.40 3.07 7.97 12.47 13.19
2021  Nov. 2.62 2.78 4.95 4.34 3.64 8.57
2021  Dec. 0.20 0.17 2.30 5.97 4.64 6.85
2022 Jan. 0.47 0.48 4.59 3.77 4.02 8.46
2022 Feb. 0.56 2.26 251 2.82 5.73 8.16
Range 0.20-3.31 0.17-4.40 2.30-4.95 2.82-8.00 3.64-1247 6.85-13.19

DCrude lipid (g/100g)
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\V)
q}l

F29 AW A WAE F4-2 Table 4 ol A £} 320 saturated fatty acid ¢l C14:0,
C18:0, C20:0, C22:0, monoenoic acid ©| C16:1, C20:1n9, C22:1n9, polyenoic acid ]|

Cl18:2n6¢c, C18:3n6, Cl18:3n3, C20:3n6, C20:3n3, C20:4n6, C22:2, C20:5n3,

=

C22:6n3 S o] AR AWAL B )% £AF hehdl AAE S A 5]

FHEFSs YeEhided, clel, €22:1n9, C20:ln9 T2 FS AT
UEb St e E A ARS B 125%°] S Fe WEhsl o,
C22:6n3, C20:5n3, Cl18:3n3, C20:3n3, C22:2, C20:4n6, C18:3n6, C20:3n6,
Cl8:2n6c =02 ¥ B &= WERIth AgAat 2419 A9 2 Aol A
polyunsaturated fatty acid (12.5%) > saturated fatty acid (5.81% )> monounsaturated
fatty acid (3%) +=C.% YEFO W o] Bae et al. (2010)2] A9} FAFS
NS Bl 53] trbExstA Akl -9 C22:6n3 (DHA), C20:5n3
(EPA)2] §teFo] b & vt sk A ke vlalf €53 52 X5 e T
ol asolel 7 EA FE EEIAYALCE BHe| X DHA, EPA ©f g
AP S dSete 43S & 5 ST Gunstone et al., 1976; Jeong et al., 1998;

Jeong et al., 1999; Bae et al., 2010). X3} A4S 749 2021 10 € 8.04%=

17



7H sk, 2022 29 3.86% = 7HY w2 A 3ES YERUSITE C14:0 &
7352021 7 LHE] 8 L7HA 2 SHEFE 0.06-0.07% oL, 9 EHE] oF 2%
SRS UERY GBS A A - 2021 I 7 ¥ 3.84%%E TS
=%om, 2022 29 1.76%% 7HE v A &S VER QT C22:1n9 €] B9
2021 10, 11 €,2022 1 1 €2 gFo] 7}7} 0.26, 0.24, 0.29% = THE A 7] K.}
4538 w2 FAE Yedolt. ol EsAAte] Ae 2021 9 7 4
16.17%%2 71 =2 A5 Yetdgl o, 2022 1€ 9.68%= 71 W
73 &S UER It ©] 5 DHA, EPA & 217} 3+ 8%,3%9] &3-S e,
08 /e 2 A AR o] oF 2 -5 1) o]/e] A& &1 = AU TH(Lee et
al., 1986; Rhee et al.,, 2001; Moon et al., 2009). ©|¢} & A¥E Eu=
FAARE 2021 9 10 dell M xS 2AHIE dERSlL,
EX A GARS oA A 0 2 FAeRA] R 2022 9 2 Dol 7 e 2N E
YeEt it 53], thrba g1 it A9 20219 79FEH AR oA =
BEE Holthrt 2021 10 € o] 5o A[7]o] tiAl A e ® =R 2e AT
UrEb =], 501 8] AW §HeFo] -85 DHA 8} EPA 9 3hefo] oA &=
Aol AIBAE 7HT= Jeong et al. (1999), Moon et al. (2010)%] 4 3}9}
xdoz B AxAyod 2021 W 8 DFE 2021 W 10 E7FX 9 =AW
eFol EohgolE B etal 2] RIS et 43S Bk 28y

AA| Al A ake]l /48] = Bae et al. (2010)2] A 32} fFAFSE A 0% HES
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Hol W E 2] FHE7F FY3FA ¢ttt A (Seong et al., 2021) S 11213t 7 A
ko] Apol7b Qe AoR Rl uwebx 2 AFARE vgow A

249 A9 B ARE F el AT BT Aoz AR
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. Table 6. Fatty acid contents of mackerel according to the catching month

Fatty acid Samples
(9/100g) 2021 2021 2021 2021 2021 2021 2022 2022
Jul.  Aug. Sep. Oct. Nov. Dec. Jan. Febh.
C14:0 0.07 0.06 2.00 212 2.13 2.17 1.93 1.30
C18:0 0.26 0.30 0.28 0.28 0.27 0.34 0.29 0.22
C20:0 1.98 1.83 1.67 3.56 1.62 1.93 1.61 1.24
C22:0 2.93 247 2.25 2.08 2.19 2.10 1.90 1.10
Saturated 5.24 4.66 6.2 8.04 6.21 6.54 5.73 3.86
Cl16:1 3.54 3.02 2.76 2.82 2.98 2.95 2.34 1.70
C20:1n9 0.18 0.14 0.09 0.12 0.12 0.07 0.06 0.04
C22:1n9 0.12 0.05 0.07 0.26 0.24 0.04 0.29 0.02
Monoenoic 3.84 321 2.92 3.20 3.34 3.06 2.69 1.76
C18:2n6¢ 0.04 0.03 0.03 0.02 0.04 0.03 - 0.06
C18:3n6 0.14 0.13 0.11 0.10 0.11 0.12 0.11 0.09
C18:3n3 1.92 1.75 1.74 1.00 1.00 1.37 - 1.36
C20:3n6 0.04 0.03 0.04 0.04 0.05 0.06 0.04 0.03
C20:3n3 1.00 1.28 1.56 0.13 0.06 0.22 0.22 0.98
C20:4n6 0.05 0.05 0.04 0.02 0.48 0.38 0.10 0.18
C22:2 0.33 0.31 0.30 0.24 0.31 0.27 0.27 0.18
C20:5n3 3.55 3.18 3.00 2.82 2.75 2.92 2.56 1.97
C22:6n3 9.10 8.00 6.72 6.25 6.93 7.36 6.38 6.10
Polyenoic 16.17 14.76 1354 1062 11.73 1273 9.68 10.95
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Fig. 1. Collection between weight and crude lipid contents in mackerel samples. (A)
July 2021. (B) August 2021. (C) September 2021. (D) October 2021. (E) November
2021. (F) December 2021. (G) January 2022. (H) February 2022.

2 4

Fe 43(L)=055



E)

Weight (g)

G)

Weight (g)

700,00

600.00

50000

40000

30000

20000

REA3(L)=0124

10000

800.00

70000

60000

50000

40000

30000

20000

o

500

1000 1500 2000

Crude lipid (g/100g)

R dE(L)=0682

10000

o

200

400 600 800 1000

Crude lipid (g/100g)

F)

Weight (g)

H)

Weight (2)

70000

600.00

50000

40000

30000

20000

R:83(L)=0628

10000

700,00

600.00

50000

40000

30000

20000

o

200

400 600 800

Crude lipid (g/100g)

1000

1200

R: d2(L)=0740

10000

o

Fig. 1. Continued.

25

200

400 600

Crude lipid (g/100g)

800

1000



A AR 7

3}

[<]

Ay
fn

9

o

o
A 9k Z o7 HITthR2

<]

AR

3k

Ry
fn 4

4] @i Ao ® HQITKR? = 0.05). 2021

5 Zto] 0 mtoZ

°©

3+

gol 0w WO 2 £-9)

B

o

T

b= o7 HOITKR? = 0.09). 2021 d 12 €9

A AL E] 49 p<0.01 |

814

S

duA 9

ST
i I
9

[e)

T

= 2107 HQTKR? =0.002). 2021 9 €29

1

S

kA1 2
RS

°©

[

3.2 AAAIE ST A LAY AR ABA

1}

710 2 HQIthR2=0.22). 2021 8 ¥ 9
9]

HQITHR? = 0.12). 2021 \d 11 €9

FogE ko] omvto® H-9

2021 7€ 9]

o

T

=

i

SHA YA

hya
s i

0.02). 2022 A 1 €9

51

°©

Fo] 7% p<0.05 °Il

pua

o

ol on o g /-9
HEA

3]

hyA
sl

26

ok 71 0 7 K QITHR2=4.460E-5). 2022 1 2 ¥ 9]



S A} A AT

Ay
il

o2 BRITHR?=0.16).

A

b sk st e

S

A=A

]

EEEE

oF

op

20213 7€32022d 2 ¢

0.07, 0.06 g =

1

N
N

w

"

2]

0

C14:0 2] 4% 2021 7,8

==
5

=

A

=0

3]

B
™

0

X
A

oy

o
e

[e12
=

20214 9 €HE 2022d 2 €7h4] 1.30-2.17 g 9

&
T

el ot o)

S
=

YR A A o] Y A0, C20:0 9] 7520211 10 € el 3.56 ¢

ek A

el
e
o

i3
=t

15220 g Afol9

GF

Al 7]l

LER o

o
i

o
e

T
T

7] A H7A §A

9"

HOL/;}

SE3}HA]

Q1 © 2 Al= ¥ Uh(Stansby et al., 1986; NFRDI, 2011).

&l

o

¥ 2022 A 2 €2 A AAT GEA

t 2021 7€

o] %)

o
T

Al 7}

ANRES AMF o tha Ak A7)

A AT A =

27



A)

Weight (g)

)

Weight (g)

R AL =027 Fe 43(L)=0002
70000 ° 80000
0
000 70000 \
° L]
L
60000
-~
00 o A °
- 0
= 5000 0 .
[
- L[]
40000 o . °
E 40000 N
o
30000 o 0
30000 e
¢ 0
,
o 20080 ° . 0
L]
L]
L0000 10000
£ 100 150 200 250 30 % 100 128 120 178
Saturated fatty acid (g/100g) Saturated fatty acid (g/100g)
R dE(L)=0.049 Re d3(L)=0124
7000 . 80000
0 g0
¢ °
w000 70000 °
[]
°
0000 *
~
s0000 gl 0
- 0%,
-
S 5000
ol
40000 ]
2 o
30000
30000
. °
0000 ‘
- 0 o 20000
L]
L
10000 10000
E 10 150 210 250 0 210 40 600 80

Saturated fatty acid (g/100g)

Saturated fatty acid (g/100g)
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