KFAS #=+uaterx
Korean Journal of Fisheries and Aquatic Sciences

gh5=%] 51(6), 623-631, 2018

Food Component Characteristics of Bone-softened Mackerel Scomber

Original Article

Korean J Fish Aquat Sci 51(6),623-631,2018

Jjaponicus Product

Sun Young Park!2, Yong Jung Kim?® Sang In Kang' 2, Jung Suck Lee? and Jin-Soo Kim! 2*

'Department of Seafood and Aquaculture Science/Institute of Marine Industry, Gyeongsang National University, Tongyeong

53064, Korea

*Research Center for Industrial Development of Seafood, Gyeongsang National University, Togyeong 53064, Korea
SHazardous Substances Analysis Division, Busan Regional Korea Food & Drug Administration, Busan 47366, Korea

The present study investigated the food component characteristics of a bone-softened mackerel Scomber japonicus
product (FC-M). The proximate composition of the FC-M was 57.4% moisture, 25.2% crude protein, 14.1% crude
lipid, and 2.7% ash. The energy in the FC-M was 241.5 kcal/100 g, which corresponds to 8.9-16.1% of the daily
energy intake recommended for Koreans > 6 years of age. Regardless of type of taste, there were no significant dif-
ferences in taste intensity when the FC-M was compared to a control (canned mackerel) but the odor intensity was
significantly higher. Although there were no significant differences in hardness, the Hunter color values of redness
and yellowness were significantly lower than those of the control. The sensory score for the FC-M was significantly
superior to that of the control. The total amino acid content in the FC-M was 24.12 g/100 g and the major amino
acids were aspartic acid, glutamic acid, leucine, and histidine. The major fatty acids in the FC-M were 16:0, 18:1n-9,
20:5n-3, and 22:6n-3 and the FC-M was a good source of minerals.
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AFols Tl X o] Rk o] B8] 4%
lysine, threonine®} 22 o}r|=Ak(Leu et al., 1981)2} k<5
e, 775 0L, arE et ol ol Akt lvkar e
7] Sl eicosapentaenoic acid (EPA), docosahexaenoic acid
(DHA) 522 4% n-3 (omega-3) A|%4K Thurston et al.,
1980; Gaull et al., 1983)0] 23t #uto] ofuja}, ik, Ay
2o uly|Z(Park et al., 1995) So] F5a8l0] o 2l A7} 7]
SHOE 94g U0 R de] delA Uk weh, 15
of= ofe] 7H] ks T AP a2 A AL Q] G
% W A7 715 R Wl A] obF 45k 24 ] Shfolet.

SHAITE, al5ole= Foll WAIRle] A7 waL, EwE

o}l (trimethylamine, TMA)E 2 3h+= H|d U7} gt E4
o] Qltk(Park et al., 1995). o] st EAJ 0 & Q15}o] A F0= =
ol A T2 halsolet F2d T2 ARE AT 7]/ A
e FAHORE AuEIL i, ANHERRE QuH glo
o, Ao A9 52 o8 7HEEANE YR RSl g
o] x| E| 1L Q1S o] AL th R O] BRI E S
WAL Qleh A, 2 U 9] AJEA-S AR A 214 1) A A
2 o ®isto] ofsto] 1291 7FE7 thA F7kskaL QlaL, o] &2
Qlste 7R ol A Bz 28]E skof A Fohe o ks Ee] &
A = W] e o] Za] AJ7to] ZHowA 22| legEo] A7
29 ¥+ 7187 4] (home meal replacement, HMR) A]Ao]
F23}31 9 ch(Park et al., 2015).
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o= AFo7L 7HA|AL Sl 9% B
0] Z7kAI9}F Bl W7} 7 A E
to| Hlolof aj, ole] goF @ A% 71
o}127] o],
RHH, A150] 7haE T o] 9] A R A S et A
T2+ Fo|A#(Yu and Cho, 2016), Y5 0|8 Al=(Lee et
al., 1990), ¥4 ¢ A &(Jung et al., 2014), 2~A] 2] (Kim et al.,
2013), AL(Luo et al., 2010), FA-E(Kim et al., 2008), T4
+(Agustinelli and Yeannes, 2015) 58] Al 4 4F EA &
of qlr}. 1ejar, a5ol9] HIFIYE A3 9 o] 9] AlEAgE
S0l tiet At B Z7HA] A3t o] 9] AlE S/dof it
A= Ao 9t Zl(Ishikawa et al., 1987; Shimosaka et
al., 1987; Okada et al., 1988; Mao et al., 2014)3} A-x| 2] o] 9]
St Zl(Ishikawa et al., 1989) 50| QO L}, AlZAE EAlof T
e At oks = glek AR, 15 A5o] 7o)
S 9lsto] o =9 Aste} vl ZjAlS Al AAlSkL, &
B3t At o7 Zrohi 7] of et
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& AolAE W 19} age] 7o B olg= A
U9 72 A= w s} alFo] 7R AlEAdw 54

thate] Al mgiet.
Mz 2 2
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Asole FARGAAl 24 BeARe = RE A% 39.2-48.9
cm HY(Et 444+49 cm), AF 550-594 ¢ HA(H
574.8+19.2 g)9] 222016 7-1190]| FAA e & 13 5}o]
o 2] oF A Al AT ths w13t 5ol o] A2 E SR Y&
2 ARESHT

W A3} 150l 7he<E2] BIFW A|AE % (Daesang Co.
Ltd., Korea) ZAAPHE 294 47 gFnfEg RE, £
T+AAHES Food Ingredients Co. Ltd., Koreay> QIEjHl o2
2016 7-11-Qefl Z42F 7-e)5to] ARg-sholet.

i Hst 150 7tEEe ME

W Azt o] 7ReEL] ARE LS Lol ¥ 4t
ES dlsotar, WE 9 WS AATT FA) A, g4
o] A x5kt o]ojA] WA} A F-2 pan-dressed eI = %
2 2|5to] EA-FLAAL SN[ E A (11.5%, wiv), F-4H0.02%,
wiv)] ol 548 A8 o A E '4atal, 107.3 Tl A 4.4
AZFE Rt L7 A 2l ste] WS ATIAIZ] o @2t A 2|5k
A|z3}FGTE. o]of A B AR of| AR A= Al gt W At
SOl 7R S FEsAst A, W E S o, W2 Y o2
sto] 5Asto] FaL AF el ATt

S, Aol A Al gt W A5t 150 7hgETke] A 1
WE A 2T AT 150 HYE FXUDA) AES

AHE-8ESITH
USEE, X[ & pH

AW E 3HE- AOAC (2000) 0] el 4252 79 ARt
YAz, 2ebzlo] 40 semimicro Kjeldahl®, 22|14
] 7%~ Soxhlets] 3 3|20] AL A 3|shH o R 747k 54

3} 5ol SAVFBAES ofuiX) FALS AubyR
B ARE B 0|59 WASE Fgote] HEHY
o} 8] @st mSo] SATFBAES oA A F 4okE

7HA] 12sto] A A E FAO/WHO o|u 2] ShakA|4= 2]-8-4]
(Rural Development Administration, 2007)0l| 4] HA5h=
AASE A3t 2, W A3k 5ol SA7FRAF
U 2] (keal)= (FH 2 She x 4.22)+H(A] W % 9.41 ) H(EHRSHE
41102 Attt

pH+= 015 5 g I3t th& o1 7]9f 9uli(w/v)oll sl oh= =
£ 715har, ok 2 LA E2](10,035 g, 15%)3H 5 o 15t pH
meter (ORION 3 STAR, Thermo Scientific Orion, Singapore)
2 2590t

Z0}0| At

X 2 o oy

F ofn Ak AATF] o} (2F 50 mg)ofl 6 N F4He] 2 mL
£ 7lstal 483t of2, ©]& heating block (HF21, Yamato
Scienific Co., Japan)of| A 7F=23l(110°C, 24AX]7H)gH & glass
filter= o7} 9 7P £813lth. ofolA A 2E2 02 M
sodium citrate buffer (pH 2.2)2 %83t & o]o] YA 7kL: o}
0] LA HE-52-4 7] (Biochrom 30, Amershame Parmacia Bio-
tech, England)& £-4] 2 AJ=Fs}3ict.
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aL, of 7)o 5714 BA8 21t A4 10 mLE 71 o A
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L2 Bajz|o] U, 714150+ 5T, 4002)5H= 2L gk
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HZE 28719 ditol I mL A7t H3E o 2oiE $=
1L 2% At -4 0 2 ARt Tk, ol 2t 9 A-8(100 mL)
sto] 248 AR E A=



712 9] 42 [CP-MS (Inductively coupled plasma mass
spectrophotometer XSeries II, Thermo Fisher Scientific Inc.,
USERRLE S
NS

A HFAF 2442 Bligh and Dyer (1959) 0.2 &3 2|45
AAZ o]-g-5t] AOCS (1990)Hofl whet A4k HE of| 2B =
o}3+ 50| capillary column (Supelcowax-10 fused silica wall-
coated open tubular column, 30 m x0.25 mm Ld.; Supelco
Japan Ltd., Tokyo, Japan)©] 22+ gas chromatography (Shi-
madzu GC-2010, Shimadzu Corp., Japan; detecter, FID)E- ©]
Ssfo] EA5EY e £ 242 injector 2 detector (FID) &
L5 217k 250 CR ohaL, A= 230 T S2A1A, 15
E7F FA15H . Carrier gas+ He (1.0 kg/em?)& AR8-51%1S
™, split ratio= 1:502.F 3}t A PALeY] 54 AW
AH(Applied Science Lab. Co., California, USA)3}-2] retention
time= B| Lo} AAISFRI T

Hxis{of ofgt o 24

bl

A& S o] g3t ok B4 Jo et al. (2013)0] AA3F W
of w2k Al =5 A3t t}3 Alpha M.O.S Inc. (a-Astree 11
electronic tongue unit, France)® -4}t =, UHLA S 9
SEAA Y Al RE o5 5 goll 7 100 mLE 7hskar nia, ¢
4+2](10,035 g) B ot ofiE R Sfof A5kt o]of
X, HA812 ol gk ot 243} ole] dlo] el 242 AR 100
mLE 7 &0 AL, of7]of 4l5k(sourness), ZHok(salt-
ness), £9k(bitterness), 72 % (umami) 2 Sk (sweetness)}:
22559 ot A= T vhe 2ol A AAAA Bl =
St ule] hS o) Yoz 5o, T level L
B GlTt. o] o] Phe 2.¢19] Bt afolof thgt Q1A= Al 23] AL
A AR vFok ko] A2 7kl 2.0 level o 4Fe] Zfo]7} gl 7
9 7hssteta s 4siech

HMZE H L dE7|EA

WARZ == Kang et al. (2014)0] AF3 We o] wteh A 2E
AA 3k & 7ro] A=}F5(Odor concentration meter, XP-329,
New Cosmos Electric Co. Ltd., Osaka, Japan)= =435}
], WA 2] A= (level)= LR 1Tt

kA 7| " 4 FekS Kapute et al. (2012)0] A3 B
of w2} Conway unit=E ARE-5H= w|FeHHH 0. 2 A4 5H3I T
A7 Y SS AT Nae 1EE 1020 5
F4° 9F 30 mLS 71ste] #47](System Polytron PT 12004,
KINEMATICA AG, EU)& 187t #A3}AZ] $- o] atato] A
x5}k,

A7 4 A2 Conway unit®] J419] 79~ o]
HA A2 8 | mLE, ©2%0] 50%K,CO, 8 | mLE,
W4le] 74-9-0.01 N H,BO, -§-% 1mLe} A|A|¢F 500 uLE 717}

3

of A F4% 625
71et ok MRS HE B 02 dUsial 2RAAHA &
=0] & th2 37T oA 12057 HH-S-A1 AL, o] o] A WE-g-0] &
't Conway unit 2]41°] 0.01 N H,SO, 84 0 & 24Js}o] Tt}
of 42 o] §510] At

g 9718 2x(mg/100 g) =

(A& A A]-th 27 24 Z]) X 0.14 X factor X 3] AJH] 100

A& T (g)

Ae

o] -3} # 9] 2 &= Park and Lee (2005)7} ¢1 531 2l a7+
o] 018-0] ¢ AAFF 77)(2 x 2 ecm)@} F7(3 mm)Z HF 5}
L, o] 7 of -t el gt vha w ApA|of| et AT
£ rheometer (CR-100D, Sun Scientific Co., Japan)2 =743}
&t} o] off load cell (max)2 10 kg, chart speed+= 60 mm/min,
adapter= A-8(No. 10)°] %It}

BlE| Mz

S E] Al 2= A AJA2EA|(ZE 2000, Nippon Denshoku Indus-
tries Co., Tokyo, Japan)2 =43t t}-3 HI (L4, 2= (a
), BA=bLD), A AE)Z et i o] o, &k
L3ko] 91.6, agko] 0.28 & byko] 2.690] 3]t}

ool ofeh HsE7t

—

g7t 2 $3 % panel member 1091
Azt 5o} welE Fxele) o, o, 7, 24
EE 7|EHl 5o R stal, W A} a50] 7hyEe
43 AL 697 07, o] K} Fogh A9 147 07 Flo
oA B o g Frlskiict
SAz]

=AY Aol gt dlole o] EHAF H o3 HA(5%
o) SPSS SATZIA|(SPSS for window, release
10.1)°]] 25k ANOVA testE 0]-8-5}o] BAF EA41$1 3 Duncan
o o5& A A8kl LHERU] 3l Tk(Steel and Torrie, 1980).

o 217
A2 Ao E QML o] 5 t2-9] o5 A} Hluwste] =
c}

o191, o]t= AT AR FHGE 68.5%, 2T
21.2%, AW 7.2%, B 2.1%)0] vlato] ek, A

A S-S AL, -2 Wok 1922l fo 7} )1 ITH(P<0.05).
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Yu and Cho (2016)°]] W2 714 57| HA1E 0]t 115-0]
Tole] ¥R SRR 73.8%, A 25.9%, AW
2.2%, 3|E 1.7%)2 Husldch 0|9} 7o w ¢1g} 1Eo] 7}
ST 270 AR e 2ol YR 0]F] A]7] Ao
o 7hy & MG T F5 wfo gk TekE Qlok(Park et al.,
1995). 11501 7h5-&2] pHi= ) 913} 11501 7H5-&2] 6.249F
t27-9] 6.28 7kol| HAFSHAILE 0|9} o AR HLE] n] o
Kol 13} 115 0] 7550 7He 5 vl HAIE flsto] A
B9 A A= 2F AR AlBte]l A G v A]A] &
skt hetE| k.

1550 7HgE 100 g oW A& W A3t 50 7hgEol
241.5 keal 2, ) 27-9] 161.4 kealo]| H]3}o] =9k}, 0|9} 7o
AH= w) A3} a150] 7hgEo] ti 2ol v|ste] g ik A
Q1 T A} Z]uke) gheFo] 1£9k7] wiEo] qict.

S, W A} A15o] 715E9] 100 gof Aol ozt A o
Y| &= 3=t oFs}s)(The Korean Nutrition Society, 2015)°]]
A AR FAHA AR OA o1/ 1Y ollvA] A7 10
2} 2,100-2,700 keal, 912} 1,600-2,100 keal)ol| tiato] Wizt
8.9-11.5% <), o217} 11.5-15.1% W 9] o] sfed-s}5ich.
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neAbE BT TR, o9 ke tiRTe} Blugk Aib=
Table 29} 2t} w] 913} LEof 7lgEe] Fofu|iat ke
24.12 ¢/100 g2, B 272029 ¢/100 )] H]ko] G2l 4.
2 =9k, 0|5 A%k 9 oAk aspartic acid, glu-
tamic acid, leucine ¥ histidine 53} 72 450]%]t}. o]9} 7
& AR | RojHol ) 5} 1Fo] 75 100 g= A Fsh=
749~ aspartic acid, glutamic acid, leucine 2 histidine 5-2] o}
] t=Abo]] Ofgh of 2] 742 GFazt 7 o= it

A50] 7H8% 100 g&f B of| Ak k2 W ¢13} 1150
7FEE0] 12,70 g0 &, B 272] 10.65 goll 1180 19.2%7} =
of xjol7t 915tk 3, e O = 55 0 olo] 73Ee) A
3} o} 1=ARQ] lysineX} threonine 2] g (Yoon et al., 20102
Z¥7F 1.06 g/100 g 2 1.39 /100 g2, TH7E FA| 02 3=
S AlEo] W A3} 5o TheES FA L' A6t
= A5 AF FZ A Sl A ou|zt Sl W A3}
150] 71} o2 Agol] Al 0] A ofujAle]
tryptophana- A| 2] methionine©] 33%] 21Tt

W A} a1 7R FUIAEE, ¢, AE R A) T
& 29 A=} v gk Zk= Table 33 2t ofof ¢k
A] Bk %F513](The Korean Nutrition Society, 2015)0f 4+
FTANE AFOA o) dH 9 1Y Zs AgAHES 242
700-1,000 mg 9] 2 700-900 mg <], 9l PAAHEES 1w
5 700-1,200 mg W9, Z& S FTE 2 3,000-3,500

Table 1. Proximate composition, pH and energy of bone-softened mackerel Scomber japonicus product

Proximate composition (g/100 g) Energy
Product' - - — pH
Moisture  Crude protein  Crude lipid Ash Carbohydrate? (kcal/100 g)
Control o 68.5+0.2% 21.240.3? 7.2+0.22 2.1+0.22 1.0 6.28 - 1614
FC-M 57.4+0.3? 25.2+0.4° 14.1+1.4° 2.7+0.3° 0.6 6.24 2415

'Code of mackerel product: Control (canned boiled mackerel), FC-M (bone-softened mackerel). >Carbohydrate (%)=100-(moisture+crude
protein+crude lipid+ash). *Different letters on the data in the column indicate a significant difference at P<0.05.

Table 2. Total amino acid contents of bone-softened mackerel Scomber japonicus product

. . Product (g/100 g)' ) i Product (g/100 g)'

Amino acid Amino acid
Control FC-M Control FC-M

Asp 1.77 (8.7) 2.13 (8.8) lle? 1.03 (5.1) 1.20 (5.0)
Thr? 1.24 (6.1) 1.39 (5.8) Leu? 1.77 (8.8) 2.09 (8.7)
Ser 0.95 (4.7) 1.10 (4.5) Tyr 0.70 (3.5) 0.83 (3.4)
Gl 3,01 (148) 358(149)  Phet 093(46) . 110(48)
PO 066(33) . 077(32) His? 199 (98) 2.35 (9.8)
Gly 1.10 (5.4) 1.31 (5.4) Lys? 0.90 (4.5) 1.06 (4.4)
Ala 1.33 (6.5) 1.53 (6.4) Arg? 1.27 (6.3) 1.52 (6.3)
Val? 1.18 (5.8) 1.41 (5.8) Total 20.29 (100.2) 24.12 (100.1)
Cys 0.12 (0.6) 0.18 (0.7) EAA? 10.65 (52.5) 12.70 (52.6)
Met? 0.34 (1.7) 0.57 (2.4)

!Code of mackerel product: Control (canned boiled mackerel), FC-M (bone-softened mackerel). 2EAA, Essential amino acid.



mg M9, E AFAFHFS 217 9-14 mg W9 E 7-16 mg §
Q1= A A8k Qe

1550 7HEE 100 g F 2 S ) A3} a15-0] 7hgEo]
4247 mg O &, th 212 352.9 mgo ulste] 7+t 20.3%7} &=
ot gh, vt A AR el Hrt W A3t arso
7 100 g& AFshe A9 1Y 2 3=k giste]
Z}7} 42.5-60.7% 89 9 47.2-60.7%0] IstAch. g, 7
2 O F71ARA, wel 5o 28 EA 8L, AA| A4
7)%e 2 A3, Al d G4 0] St o8t 189 =5 Yl o]
ok A7 ] TR AT, N g1 9 of g 7] AE A
Z3}9] o ’lof] o gtk (Chun and Han, 2000). ©]
2 FEUEE $IAISE 5% A A HE oA FFo] H7] 32
PdrR Z A A ok

31550 7HE52] 100 g T Q1 -2 w A3} 31%5-0] 7150l
436.6 mg © =2, tj 2754013 mg)of| ¥]ste] =3ttt ?HH, 92
Ut AT A5 el Jrt w13t 1G] 7 100 g2
AFohs A9 1Y < ARl disto] 5 36.4-62.4%
Helell afgataict. Q2 A2l i R/ - =, Alaef, Al
EHS B A Wt x| o} F-0] A 22w A staL Q)
Sk A2 O] o[ A] A}, AN L] AR 7] o 24, AlaEete] 4

[e) 2
s

Table 3. Mineral content of bone-softened mackerel Scomber ja-
ponicus product

Minerals /100
Products’ (mg 9
Ca P K Fe
Control 352.941.2%2 401.3+2.87 294.5+4.6% 3.79+0.112
FC-M 424.7+2.3° 436.6+2.6° 274.3+1.8* 2.94+0.01°

'Code of mackerel product: Control (canned boiled mackerel),
FC-M (bone-softened mackerel). *Different letters on the data in
the column indicate a significant difference at P<0.05.

o AEAE 627

B A AT AG 59 75 st AETH R w5
Sh= 7o, A7 B8 AQArE S
7157l 7F sk AAelEe] ol A4 SAE
Hol= 72 A)s] EE 1 (Anderson et al., 2006; The Korean
Nutrition Society, 2015) AU B-G-Fo] Z7}shH 1olAFE S
o] dA¥st=d|, AT 2R Bujerla g2 dexd
B0 §sh HZ A XA o) Hol A A3}, Svhad, s &5
Zyol| Sa} -8 ZAbo] Uekd 4= 91tk (Anderson et al., 2006).

150 721 100 g & 2 T2 A3} a0l 7haE
0] 274.3 mg O 2, T 2+(294.5 mg)°]| v|3}o] ket 3HH, ¢
el A A o] vt w A} a5o] 7k 100 g=
AFeks 49 19 ZF S2Ad515el diste] 25 7.8-9.1%
Helel shgetsict. AE-2 v F71E &, AlA| S5 98%
7FAIZ Woll EAsh= Fol2olH, Al YR o] =8 Hsjd=
A UEF o] &3 7 A4 Q1 AFFE FAIA RN 4=
EBRS A A2dle BAshs 75 ot $a%
A 8 4 0|tH(I0OM, 1997; The Korean Nutrition Society, 2015).

50 7F552] 100 g B A FHe W 13} 1150 7150l
2.94 mgO 2, g 2743.79 mg)°] vlste] Wkt g, -2t
2F gAY AR o] du 7t w8t 150 7 100 g= A
otz A9 1Y A WA FIZel tiste] 2+ 21.0-32.7% |
1 2 18.4-42.0% W 9loll sigstsict. A& vk Fr|dE, |
2 WA EAE, JnIF2y, v a2 59 Fast e
o]t}(The Korean Nutrition Society, 2015).

o]} Zro] W A3} a150] 7hgFo] Aarsol o] 113 The(
29| 4526 mg/100 g, ?12] 79232 mg/100 g, 2 2] 75
1.6 mg/100 g) (NFRDI, 2009)°f| v]s}e] gHdstA =3td 2
& W A3} Fo] 7hEE o] 79 SEvto] ofy e dAslgh 11
Solm = ShrE o] Q7] wimolet TekE Sk, Tk Sefuiet
2] FFHUATH(The Korean Nutrition Society, 2015)| 4] ZH

> fol

do Ay

Table 4. Fatty acid composition (area %) of bone-softened mackerel Scomber japonicus product

Mackerel product!

Mackerel product

Fatty acid Fatty acid

Control FC-M Control FC-M
14:0 3.1£0.5 3.7£0.3 20:1n-9 2.7£0.2 3.2+0.4
15:0 0.4+0.2 0.2£0.2 Monoenes 27.9+0.3 27.7+0.7
16:0 19.9+0.4 19.7+£0.9 18:2n-6 2.2+0.2 1.9+0.5
18:0 7.5£0.2 74+11 18:3n-3 3.6+0.5 3.3+0.8
20:0 0.5£0.1 0.4£0.2 18:3n-4 trace 0.1+£0.2
22:0 0.2+0.1 0.1£0.2 18:4n-3 0.8+0.8 1.0£0.7
Saturated 31.610.3 31.51£0.3 20:4n-6 1.0£0.1 1.3204
16:1n-7 44104 34+2.3 20:5n-3 8.2+0.0 8.5+0.7
18:1n-7 1.7£0.4 1.91£0.1 22:6n-3 204104 204104
18:1n-9 19.0+0.3 19.1+0.6 Others 12.5+0.2 11.8+0.3
20:1n-7 0.1£0.1 0.1£0.1 Polyenes 40.5+0.3 40.9+0.5

!Code of mackerel product: Control (canned boiled mackerel), FC-M (bone-softened mackerel)
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Sweetness

Fig. 1. Taste intensity of bone-softened mackerel Scomber japoni-
cas product. 'Code of mackerel product: Control (canned boiled
mackerel), FC-M (bone-softened mackerel).
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Fig. 2. Volatile basic nitrogen (VBN) content and volatile compo-
nent intensity (VCI) of bone-softened mackerel Scomber japoni-
cus product. 'Code of mackerel product: Control (canned boiled
mackerel), FC-M (bone-softened mackerel). *Different letters on
the data in the same experiment item indicate a significant differ-
ence at P<0.05.
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Fig. 3. Hardness on muscle and bone of bone-softened mackerel
Scomber japonicus product. 'Code of mackerel product: Control
(canned boiled mackerel), FC-M (bone-softened mackerel). *Dif-
ferent letters on the data in the same sample indicate a significant
difference at P<0.05.

Table 5. Hunter color value of bone-softened mackerel Scomber
Japonicus product

Hunter color
Products’
L a b
Control 49.64+0.54*> 3.22+0.092 12.97+0.162
FC-M 49.16+0.40%  1.93+0.03° 12.25+0.16°

ICode of mackerel product: Control (canned boiled mackerel),
FC-M (bone-softened mackerel). Different letters on the data in
the column indicate a significant difference at P<0.05.
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Table 6. Results on the sensory evaluation of bone-softened mackerel Scomber japonicus product

Sensory evaluation

Products’ -

Taste Fishy odor Texture Appearance Overall acceptance
Control 5.0+0.0%2 5.0+0.02 5.0£0.0? 5.0£0.0? 5.0+0.0°
FC-M 6.7+0.8° 7.1£0.7° 6.5+0.8° 7.5+0.7° 7.0£0.4°

'Code of mackerel product: Control (canned boiled mackerel), FC-M (bone-softened mackerel). *Different letters on the data in the column

indicate a significant difference at P<0.05.
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