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Analysis of Nutritional Components and Sensory Attributes
of Grilled and Fast-Chilled Mackerels

Ho-Jeong Lim!, Mi So Kim', Hak Soo Yo0o0% Jae-Kyeom Kim®, and Eui-Cheol Shin'

!Department of Food Science, Gyeongnam National University of Science and Technology
?Soombi F. ishery Association Corporation
JDepartment of Food Science and Nutrition, University of Minnesota

ABSTRACT Nutritional compositions, volatile compounds, and sensory attributes of grilled and fast-chilled mackerel
(Scomber japonicus) were analyzed in order to examine its practical utilization as a food resource compared to commer-
cial frozen mackerel. In the proximate analysis, lipid contents were 27.3£2.7% in grilled and fast-chilled mackerel.
Palmitic acid was the most predominant fatty acid (20.68% and 18.88%), and the percentages of polyunsaturated
fatty acid were higher than 40% in both. No benzopyrene was found in the grilled mackerel, and even grilling was
employed at 260°C. For chemical stabilities, para-anisidine value (8.56 vs. 9.26) and acid value (2.96 vs. 3.35) in
grilled mackerel were improved compared to those of commercial mackerel. Moreover, color index of grilled mackerel,
a physiological property, showed greater lightness than commercial mackerel. Lastly, analysis of volatile compounds
by gas chromatographic analysis and sensory tests by trained panels demonstrated higher potential for grilled mackerel
as a highly marketable product compared to commercial mackerel. Taken altogether, the above results provide important
preliminary results for utilization of grilled and fast-chilled mackerel as a quality food.

Key words: mackerels, grilled and fast-chilled processing, stability indices, flavor, sensory evaluation
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A 9159t} Hexane, methanol(CH3;OH), ethanol, chlo-
roform(CHCl3)-> HPLC-grade& A}83}%1 3L, anhydrous
sodium sulfate(NazSO.), isooctane, diethyl ether, so-
dium chloride(NaCl)&= ACS-gradeE& o] &35} o).

4300 AL§H 150} AWA L Bligh-Dyerd(10)&
00 g9] TFoI S wApsh whpAbES o) §
e

o}

o] B3 & 250-mL erlenmeyer flaskell ¥31 100 mL

o] & ¥o] 15 BEE F3AIZ] thE, 150 mLe] wg
o u

£8 91 150 mLe FREELES Yo| metal homoge-
nizer(Pro Scientific Inc., Monroe, CT, USA)E ©| &3}
S5 238 AN AWA FFo] =& Fo] 1F
o] A|29] AR = 984 50 mge] hydroquinones 3
bt § A3S AWk Al 100 mLe] EREXES
Y o] Whatman No. 1 filter paper(Whatman plc, Kent,
UK)E SHAA AES oA ZAT. Filter-caked THA]
T3] 50 mLY 22X ES 713 & thA] homoge—
nizerg o|&3te] 5&3F AAIAAL. ARHAH S AR
slurry AE18] AZ8 500 mL EAZ 7)o 2& % 2 g9
NaCl#} A 127 583 =50 d2AsA A st
WA & AAE T oS ({1 &S EEste] 3
AR-FF%7](R-4, Biichi Corporation, New Castle, DE,
USA)E ol &3t f718mE Axd § @2 A4d& o) &
sho AWAE Add AFE-3FSIT

Toll FEH 150 AA Xt 244 dolr 7]
2l & Boron trifluoride(BF3)-methanol ©]-&3F =43}
A

=2 AXEATHID). ¢k 100 mgd] =¥ AES 10 mL
719 test tubed] %71 5 0.5 mLe WH-E+FE4 hepta—

decanoic acid(C17:0)(1 mg/mL hexane)Z 34| test tube
o H7tetAth ABE2 2 mLe] 0.5 N NaOH-methanolS
o] g3l 100°Ce &= A Reacti-Therm I Heating/
Stirring Module(Thermo Fisher Scientific Co., Rock-
ford, IL, USA)S o] &3te] 1023 7FAA AT L & &
& Ao A5t YAIZl F 4 mLe| BF;—methanol
A7 st £33 ohs 100°Ce] =24 401t 7FE A F
ot 7tE & Ao YZAZ] 3 2 mLe| hexaned
A 7vake] 187 vortex A7l th2 hexane & FH3IA
t}. 2 mL9 hexane°| H7F44& 3H WHE3lo] hexane
FHE F A4k~ E o] &3ko] hexanes AAE v}
=

H Y
&= THAl 1 mLe| hexaneol] o] Agqk 415 913

o] a15o]o] AukAk 22498 93k gas chromatography
+ Agilent Technologies 6890N & X](Santa Clara, CA,
USA)7F AF&E e}, B4 Z=18 SP-2560 capillary col-
umn(100 m><0.25 mm i.d., 0.25-pm film thickness; Agil—-



454 d=Ag - A {3

ent Technologies)®] AF&% 1L, carrier gas® helium
(2.7 mL/min)°] °]-&% %It} Injector$} detector ==&
B 250°C% 2.1, split ratio= 10:1¢]3L detectorol| A &
2ol 25 Y3 4%} aire HEVIA £ 40 mLe} 450
mL7} 242} AF25 ATk Oven &% T3 %7] 130°C
oA 5EIF M F BT 4°C S7FAIA 240°C7HA A
20 o 1583 A8 Y. BE 412 33] vEEste] AA
A1l A Al F 53 (Supelco 37
FAME, Sigma-Aldrich Co.)< ©]&3}¢] Z+2+9] retention
time& ©]-&3t FA 33T

p—Anisidine value(p—AV) =X

o] 15019 p-AVHES SAE7] $18) AOCSH(12)%
o] g3ttt Fro] 5o XA 100 mgS # 3 § isooctane
25 mLE 7}sto] K4S falstaL, 0.25%(w/v) para—ani-
3to] 350 nmoll A SH=E
& vt

sidine/acetic acid £%4& o] &
43l Az} ok

Acid value(AV) X

T-o] L5018 AVEES AOCSH(13)S o]&3le] A3 s}
Gt o] Tl X A& 1 g5 FHg ¥ ethanol : etherE
Li1(v/v) gk & 30 mLE Yol Ad& &3 b5,
o3 7)ol 1% Jﬂiz% J ¢l (phenolphthalein) &< 100 L=
7Fske] & 412 & g1 A9 @ uw7}X] 0.1 N potassium
hydroxide(KOH) in ethanol & 0.2 st A4k e
AT vlaste] AVELS YER S

Peroxide value(POV) X

J-o] Fole] AHo] IrH HrkstETte]
al7] 913 AOCSH(14)& o] &3] AFsgit). 50 A
A 1 g 25 mL9 acetic acid : chloroform=3:2(v/v)¢} &
k3t & 318 9 =3} ZHE(potassium iodide, KI) €9 1
mLE %?1 187 EE59F S dael 1023 233
ok 108 & 75 75 = 7]'0}01 A b, 1% AE
LE 7}st 3 0.01 N sodium thi-
rT'_ uo] 51 u_Hy;]_x] x%x%ng
}ok

sh= ke HERHIAT

=

m[o

J
ol

N

(soluble starch) &8
osulfate(NazS»03) &
Alg = vjaste] A4

mLE
1 mL
Moz
oN O 7
J¥ 3

|a1|

—

=

Folol A 28 AAE o] gake] WA

orl oor

:[Lo
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Table 1. GC/MSD condition for the analysis of benzopyrene

T A

b

L

S T3t AlE 10 ¢ A= FH 3] n-hexane 50 mLol
o] RolzZu)r]o] %73, DMF(N,N-dimethylformam-
1de) CHo009:1, v/v) 25 mLE 7}ste] &80 #23 &
DMF : H.0(9:1, v/v) ¥+ =2 #2839 n-hexane &
o ThA] DMF : Ho0(9:1, v/v)E 25 mLA 23] 78t &2
gl ek v, of7lel 1% FAVEF &9 50 mLE Y1
n-hexane 50 mLE O 7138l £E5o &3 9 A X3}
n-hexane 55 ¢ oPﬂu} DMF : Hx0(9:1, v/v) Z°l n-
I 9ok 3ol 23] WSkl p-hex-
O 50 mLA 33] B 7hete] 3 e
sl HoO 55 AAS th2, n-hexane Soll F53HHE
S 7skal &9 oJ338te] 40°C water batholl A 74t 5%
St} 553 Aol n-hexane 10 mL9} n-hexane : di-
chloromethane(3:1, v/v) 5 mLE 7}8te] £&A171 & thA
%33 0.45 pm membrane filter® o 3}ste] GC/MS
(Agilent 5973 Mass, Agilent Technologies)& ©]-83}¢]
AT o)W AbEgk G| ef B2 Table 17} 2

tH(15).

hexane 20 mL® S
<

ane == ¥ 3 H

Rancimat &3

To] 5ol AL FE3te] Uik ¥ {8 Aot
o 4ksh QbA/AdS vl Bttt HHS 913l Rancimat
H](Metrohm CH series 892, Metrohm AG, Herisau,
Switzerland)E ©] €39 tH16). F549 A2 3 g& FE
To] AFole] AHE o] §so] 4hst bgAS EIEHGiT)
BAEE 918 A @o] EZEH tubedl 20 L/he] 2=
F71E FYs] 120°Ce] =AM AAE 1Pt 4
3} AS S|4 A formic acid, ketones, aldehydes,
carboxylic acids®} £2 4tAAHES 574 sensorg ©]

&3to] AAaFE 7S S48t

’é*.E =

TolE % T Ade] HrE SAstaA M=
(Brookfield DV2T Viscometer, Brookfield Engineering
Laboratories, Inc., New York, NY, USA)E ©]&3}%t}.
=45 98 A4 50 g& He F HEA ] LV-3 spindle
43l 30 rpme 2 1%
Bagro = et = S
Tol aFo] AFI} A EHE= UE 75 AL
Aol A&t Sl A 5

OE

(spindle entry code No. 63)& ©]
/gjl \:]]—J}L i]? s q-%
AREE = A&

[ENG = A=

solE WETEA

Items conditions

Conditions

Instrument Agilent 5973 mass
Column
Split rate 10:1

Oven temperature
Injector temperature
Sim ion

Carrier gas

280°C
113, 126, 224, 252
He (1 mL/min)

HP-5 (30 m>x0.25 mmX0.25 um)

Initial temperature: 100°C, increase rate: 10°C/min, final temperature: 300°C




(spindle)& A43k3 25°Col A AAsIH 0w, 7} A 59)
S4A% 58] o) U Agstel ARy EEAAL B
A5k,

L+ MAA(CR-400, Konica Minolta Inc., Tokyo,
Japan)& *}%3@1 7ol agold Mg ST A
W %= (lightness, L-value), &M %= (red-
ness, a-value) ¥ A% (yellowness, b-value)& ©]-8-3}
R, 7 AES 33 ]’é} WHe SAsto] 1 Watgks veh
S+ 76.3, A %(a)= 0.37,

g 82
To] algo] AMEe] A &g £ Bianchi &
(17)2] #Hol u}2} solid- phase microextraction(SPME)

< o] &3t AFE 33t &l AME-¥ fiber= 100 um
poly dimethylsﬂoxane(PDMS)O]11], 250°Cell 4] condition—
ings 1097 Az & AFo A&ttt wa¥ 5o
10 goll 57 10 mLE 7fsto] &8 & &7 xHow
0 g WFEFEZZ 100 ple n-pentadecane(0.1
mg/mL, Sigma-Aldrich Co.)2 3 7}8}o] 60°Coll A 7135}
WA fibergE =EAA SRS e, 308 ot £
e AEHAAT 28§ F7)dwo] F2% SPME fiber
A 23] 22418 218 mass detector”} Z&¥ gas chroma-
tographyoll F4ste] AFS 118t

3 tA 7|44 EL2 gas chromatography—-mass spec—
trometry(GC/MSD; Agilent 7890A & 5975C, Agilent
Technologies)Z #4133t} Gto] 1509l 3wk A H
o] B4 HP-5MS Z#(30 mx0.25 mm i.d.x<0.25 pm
film thlckness)a AREEFA AL, oven == A2 40°CollA
5% W& F 200°C7HA &9 5°Co X2 F2AHS
W, injector =%+ 220°CE 3} 3L carrier gas?l helium
o] #%2 1.0 mL/min, split ratiox splitlessAt}. 9]
al%5o] AZ9] total ionization chromatogram(TIC)el A
2" 2+ A E-S mass spectrum library(NIST 12)—% 0]
&3t w43 om, 7t A5 7] A& peak WA
ZF A Aese] g AdAd g 74]’&0}93‘:}.

=
=]
Z

[<]

EIectronic—nose(E—nose) 2M

To] algofe] WAl HlslA E-nose(E-Nose In-
tegral, E-Nose Instruments Co., Atsugi, Japan)Z ©]-&
19§ sololA FolE AL £ PAEE B3
) Q18 E-noseo] WHH AFTHIE AR5}
27 Fstel oo e FoAA TAYEE ARG

S US
WA o A fragrance, strength, NH;, Ho.SE =

=5 &
)
:é
o,
mlo(t

AR B 2 B 455

=5
To] dlFo] AMAES VIS EE BUkeh] A3 #eA
AHE QI o] alsolet 7]E 9] pan-fried 150 AlE
(s 23 AF)E d2T2 8t o] 509 ZEl
2175 v lvh. BSHALE S e A r)e
theta 2 skAY 15 -S o]-83t] 9-scale method(1~97%)
£ A&318la, 1482 71 kg Aoy 982 7}%} 2
U] A

_‘>~
"
oft
=
[
=l
rg;
z 1"
y

Fetaacy. EL% 2] -4_0_ R

(== |

gatar wjd A AIRHA 112Dl Xl aste] HAL

EaA Apol = Tukey s
multiple test(P(O 05) o] g3t om, SAS 23 (Sta-
tistical Analysis System, Version 9.0, SAS Institute Inc.,
Cary, NC, USA)& &3 YERWATH. 5ol AME-E
A3} Microsoft Excel software(version 2010, Micro-
soft Corp., Redmond, WA, USA)E ¢|-&3lo] WAL 12
Z5 FE ol aFolet A W fE sl I
A Aol mmaisn.

74

al — =
Ant o aF

)

Fol2 e wEo] Aol AW WMeE vlwste
A} 1 %

7o) thsk A A el =4S Table 20 ZHz ERIQITH &
] &S5 T3 o] mSolet APHSl Ws fF 15019
= 3

FA A ke 27.312.7%% 30.6£1.1%% YEFSTH(E o]

Table 2. Fatty acid profile in grilled and commercially frozen
mackerels

Composition (%weight)

Fatty acid Grilled Commercial
Myristic acid 9.58+0.12 9.40+0.17
Palmitic acid 20.68+0.32  18.88+0.44
Stearic acid 0.33+0.02 0.35+0.03
Oleic acid (®-9) 18.58+0.24  14.07+0.36
Linoleic acid (w-6) 3.27+0.09 3.09+0.11
Arachidic acid 0.15+0.07 0.11+0.04
Linolenic acid (®-3) 13.75+0.53  16.30+0.63
Gondoic acid (®-9) 1.96+0.06 2.724+0.08
Behenic acid 5.76+0.18 7.34+0.23
Lignoceric acid 1.47+0.10 1.61+0.17
Eicosadienoic acid (EPA) 9.50+0.43  10.51+0.58
Docosahexaenoic acid (DHA) 14.96+0.73  15.62+0.69
%Saturated fatty acid 37.98+1.18 37.68+1.34
%Monounsaturated fatty acid 20.53+0.96  16.79+1.09
%Polyunsaturated fatty acid 41.49+1.36  45.53+1.44

Data represent the mean+SD in triplicate.



456 A5 Rl o4 DA A 20

B PAA]. Park (180 o8t 7k o] d =4k il
ojo] A A S oF 7.4~12.3%%2 Ruda, Y4k
A9 1.4~19.7%2] T A9 E RSttt oefg %]
A ko] Aol =, Wol Bl A FT]ek Ho] qlvhar
Hasa gk AFblele vhe Ad §ES Holm, 4%
of W} #& Ad FHS Hole AR WEHI )
T-o] iLFolet AHARI ¥E FF 7S Aol FA
Fel Sk ol HAolA ol FE SR g
AAQl A d e v g S7kE AdEn) Fro] aso] A Ho]
7 A= A HAEO) A &= palmitic acid”} 20.68+0.32% % 7}
F FE XHato 7 UEls L, oleic acidZF 18.58+0.24%,
DHAZ} 14.96+0.73% % F23 Awato s AEE )
AAA o2 o] AL Fall WE 57 Hlud u EPASH
DHAd A= =}Fo]7F 2.2 = linolenic acid(C18:3, v-3)
o] gtko] tha WA et B8 0-37 Ak e
o] _,15019} AR e Wy G5 % ==

7Vl =2 u&S R o-37 AW
2kQl DHASF EPATE

2
S~
o
N

o b e o
o

o

(o3
ofy g
—TLHJRVEE

e X
tio

A
el 4zt A
Atk AF7} ool g
1A 5T} e #ujo /\121
1o hon, A 34, °

=

o
o
—

_\1

EJ

)

gt

2L

olN

o= _i L

bl QE:_,
o =
jiacs ol
o °
pr
b
Yo ¥

fol
o
N
N

oO

POURE DY S 2

0-AV, AV, POV &X

Fo] mFele] p-AVEEe] WS Z75te] Table 39
Bgleh ol wEolst HUH WE FE AFAE uH
8.56+£1.537} 9.26£2.432.2 F-o] a5 p-AVEke] W
A vheht Fol mFojol A Abstel ehg e A%HE B 5 9l
olek. sHAu 1 Aol 7k BAMOR fro2] ApolF Mol
AYTHP0.05). FAHES LI 44 AFo] A7k 213

¥ aldehyde AlEe] E4o] 3243 57}?‘_3} Acet1c acid
EA) Al p-anisidine aldehyde 7|
Aol B3AE PFAdsA Hed, o
(350 nm)oll A 5438t anisidine®] &S A1t 5= 9l
E]'. o] gﬁe}} anisidinegl fﬂ—ak o }\}JH,] Z] zsg 3l 1:9]. }(\3]—34—3',]—
AE 7}A T}, p-Anisidined} 23l % aldehyde Al

Table 3. Measurements of p-anisidine (p-AV), acid value (AV),
and peroxide value (POV) in grilled and commercially frozen
mackerels

Sample p-AV AV POV

8.56+1.53"" 2.96+£0.16° 1.64+0.53
9.2642.43" 3.35£0.27° 1.43+0.38°

Data represent the meantstandard deviation of triplicate analy-
ses for each sample.

YMeans with different letters in the same column are significantly
different by Tukey's multiple range test (P<0.05).

Grilled mackerel
Commercial mackerel

9] 54L& 2-alkenal £ 2,4-alkadiene®] && % tH20).
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Fig. 1. Chromatograms of benzopyrene of (a) standard and (b) grilled mackerel.
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Fig. 2. Measurement of induction time (h) of extracted lipids in (A) grilled mackerel and (B) commercial frozen mackerel.
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Table 4. Measurements of viscosity and color value in grilled and commercially frozen mackerels

Color
Sample Viscosity (cP) -
L (lightness) a (redness) b (yellowness)
Grilled mackerel 32.0+0.1*Y 36.3+0.2° 2.1£0.2° 6.63+0.32%
Commercial mackerel 28.0+0.2" 27.8+0.3 1.8+0.2 4.86+0.28"

Data represent the meantstandard deviation of triplicate analyses for each sample.
YMeans with different letters in the same column are significantly different by Tukey's multiple range test (P<0.05).
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Table 5. Volatile compounds in grilled and commercially frozen
mackerels

No. Tirpe Compounds P.eak area (X 103_)
(min) Grilled Commercial
1 15.65 2,4-Dimethylhexane 65.6 384.12
2 15.89 2-Hexyl-1-decanol 67.1 93.1
3 16.26 Propanol oxime 99.3 117.5
4 1691 2-Octyl-1-decanol 98.0 46.6
5 17.67 4,7-Dimethyl-undecane 76.3 31.2
6 1826 5,7-Nonadien-1-ol ND" 104.6
7 18.52 Dimethyl-decyl-mercaptan ND 61.9
8 21.76 1,1'-Oxybis-decane 62.0 159.7
9 23.61 Sulfuric acid 63.9 148.8
10 25.65 1-Chloro-hexadecane 55.2 76.6
11 27.44 2H-1-Benzopyran-2-one ND 17.5
12 2772 n-Hexacosane 207.1 201.3
13 33.81 2,6,11,15-Tetramethyl- 453 345
hexadecane

ND corresponds not detected.
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Table 6. Measurements of fragrance, strength, NH3, and H,S

in grilled and commercially frozen mackerels

Fragrance Strength NH; H,S

Grilled mackerel ~ 59+2°" 3,729+98" 743+36" 2,538+50°

Commercial 5542°  3,323+19° 51414 2,485+44°
mackerel

Sample

Data represent the meantstandard deviation of triplicate analy-
ses for each sample.

YMeans with different letters in the same column are signifi-
cantly different by Tukey's multiple range test (P<0.05).
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Fig. 3. Sensory test of grilled mackerel and commercial frozen
mackerel.
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