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The meats of tuna Thunnus albacares and swordfish Xiphias gladius are ideal for fish patty production, offering high
nutrition and other health benefits. Although red fish meat, including tuna, is added for cost-effectiveness, swordfish
white meat is also used, as its aroma resembles that of market-sold beef patties. Here, we assessed the different blend-
ing ratios of tuna red meat and swordfish white meat (60:40, 40:60, 20:80, and 0:100) to find the optimal combination
for fish patty production. Regarding color, the heated fish patties exhibited increased redness (a*) and yellowness
(b*) compared with those of non-heated ones, with similar brightness (L*). The heated patties also scored higher
concerning hardness, springiness, gumminess, and chewiness. A higher proportion of swordfish white meat resulted
in a softer texture, particularly in patties with a ratio of 40% red meat to 60% white meat. Considering the results of
the texture comparison analysis, it is recommended that the texture be improved by increasing the physical property
"softness." Sensory evaluations revealed that the addition of white meat led to increased scores in terms of smell,
beef taste, texture, and elasticity. These results suggest that swordfish white meat, with improved overall quality, is
a suitable raw material for fish patties. Accordingly, the recommended ratio of 20% tuna red meat to 80% swordfish
white meat is optimal for fish patty production.
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ot EF U LHE s AaAA S A3 oet
I GRS a7t 9lek(Kang et al., 2015). =4 W 7F 4 A

O

Al A EHE HA AR A9 °F9.7%E AFA|5EAL Q)
tH(Jung, 2023). FA]= 32 70, 25 AH 0|2 50 o] 4]
=, ol= A7} ol Fuit} A, BAIA 54 o] stk
e wet Zof] A7 Aol of-g-skaL qick. A= AA o
#o]2H(Thunnini)e} A2 2H(Xiphiidae) o1F-C.2 o, vk
o7}l Frfgol= Foh H 2t s ool == EEskaL, A&
O] 37, ol A W Al T2 F YR 5o ® thotshA &
B= o] AR B axn|gFo] 718k SA4lo]th(Jung, 2023). g
H, ol 7H & el AT ofF A= WSS
I 2|a17)of vlsl} S8 o] fsfar, a14gt Bk = 540] 9l
(Dongwon Fisheries, 2018), 53] 431717} 71X+ WA A
AR RS 7HA = AR o] Sl

I ] (patty)= THAITE AARS sl A shed= A7l 2191 7
T} ATto] fute] AEoiXl ofdol} FeFElA Q17
= AE7HE S stuolth miEoll= 4aL7], Halr], HiA|aL
7], A7) T SR A8 AlEA TS AR tiA|
o] AREE AL Qlck. dA wE| 2 71 go] ARgEE A 5
< WEolu, S5 e 9} 22 AlsrbeEa o F, gt
ZATE Al ESHAITE, BE 30% w0 A eR-shal §lo]
Aok A ko] A & H|gk, L E 9L, WA s Y e A 2
A3 coronary heart disease)} A3A| 7} oyl B 11 (Chin,
2002) = 817] wZol 2 axHE A= 3] Uth(Heu et
al., 2005). £3F o} AlFHoh foff 9 HAo] i1, & &
WHol| 2A8)+= Salmonella sp., Escherichia coli 52| A%5-S+
of AxHA ez e HE7] dthkes ZAIE ol Arh(Park et al.,
2016). F| 718 Zixfo| = P AEFEH oA S5 EE o
3] 18] A] ¢hal e Al HAYsh= o] 28 AW A (&8
QEZTIy o W o] QI o] A vk A oA 3HA
7F & Ao] qleh whebA o] K9] 754, IsA £ Z-8-l
oj2fgt H5-0| TS Helslara} gttt o} £-5 a7 o] & uf
Al H7bel e A1E9] A& (fish meat paste)> o]
&, ol, FliolR, oS3l of KAl Fol Stk tiA|
2 A" 7ol A AT 5 Sl AlE=olet ARlSA o2t
= Q14lo] ZH3lE AAAlEo] 2 WS A8 4nAke g
W Eoto] whet A 5 g3t vhgssto] AlEE SAISkL 9
THOh et al., 2014; Joo et al., 2019; KMI, 2019; Lee and Yoo,
2022). o] 2f3t 55 wet Al F2l MA 3E]§ S50 Bls|
DHA, EPA, B38| &, v vl 5 353 ddas gt L
T o152 sE]of] ARESITHH AlEe] A S A& 4= Uk

ajg] A zof Tedsto] ofg] A7} R E AL Qlek Al Hlo]
EE AW7et e o] 54 ¢19H(Heu etal,, 2005), 1] o]
E 7t el o] EAHIH(Hwang et al., 1998), t& 2
H71et 9jg] 9] glAx] EA] A4(Choai et al., 2009), F-H| %
7V =5 e 9] #4540l v A= FF(Jooetal,, 2019), 5
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ARz HARA B Wohe 217 Hee] B4 E(Lee
and Yoo, 2022) 5 thafgh 77k ARH 3 et o] AFEL
olg8o| e U o] g3t a0 thpg T AE] 754
& Z7e vk TekE S5 4 ol e il

webA] 2 Aol A GoFsPA 71 Ao] Hol 1t Al
2 dejgomn, of % seo] AE A gl Aze £49 £
0] A2 ol 43 el 2 A£G 00, of SulE] Az o)
of 22 A3k B ) WS ] ol Tk B A4 Aol S
orobiiy] $Jstel A, B4, W5, WA] AR vk =
3], 4)307]aFo] Wrhin shz TR 0] WA S-S F AA = o]
o 2% oelo] RIS ZIchste, AT B4 Tl
A A3 A W5 vl ThEA ATE W
o] 240] o} Te] 272 232} Sgict. ol WF A A
B e, bt 0|2 5 choket A0 2ol Wl s
Aol A=,

HE Y
29 M=

3 A1glo] ALSRH 843 9080 747} 243 (tuna Thun-
nus albacares)@} S| X (swordfish Xiphias gladius)= (57)s
2415 (Busan, Korea)ol| A -4 gt & 38} 20°Colst2] W5
11(Togliere Tensione Prima; L.A.R.P. SRL Co., Brescia, Italy)
ol A A7gstn sll-sto] A e ofl ARg-SHRIT
A= ZH

43 20°C 0|82 A% WA o] AUETH A2 o] Wu8L
OF 4°C WAaLo)| A 353t & H-4)|7|(heavy duty meat grinder,
GG-22; FUJEE, Germany)©]| ¥ o] #-23+ 3= AFH(Hanju Salt
Co. Ltd., Ahnsan, Korea) 0.9 wt%, $d8(CJ CheilJedang
Co., Seoul, Korea) 0.6 wt%, ¥55(MSC Co. Ltd., Yangsan,
Korea) 0.5 wt%, ZAPHE(MSC Co. Ltd.) 1.0 wt%, T}l uf
5 1.2%%} thAl okl 2%E A 7)sle] HkE:7](Kenwood chef
XL KPL9000s; De'Longhi-Kenwood Appliances, Dongguan,
China)ofl 4] 8 min &<+ &9t HE55}Gith o] b2
7 800 g, A& 9 cm HF o2 AFsHrt APt e F A
= 7FEEHA] o HIZHE ti 2 AR R A S XIEskGich
7FE Az 7EAE 1A oA 74 2 min, O 4 min 7FEEH S
A9l& 285kt

H7}E A& 3 g& F8te] S7< 30 mLet &7 7] (Ho-
mogenizer, Nissei ACE homogenizer; Nihonseiki Kaisha
ITD, Nissei, Japan)= 1 min /10,000 rpm &gt} #2318t
Al= 9] pHE 53] o]A Z%(TOADKK pH meter HM-42X;
TOADKK, Tokyo, Japan)3}1l B4 O 2 AAlsoich.
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S, WA SFek W(6:4, 4:6, 2:8, 0:100) A RE 712 3
cm X A2 3 cm ATt S 334 = A (Colormeter, JC
801; Color Technosystem Co., Nagoya, Japan)=2 =24 35}%ct
(Kang et al., 2023). 442 = (lightness)& YEIY+= L,
A% (redness)E UEFH = a’, A% (yellowness)E e}
U= b5 gho2 Yehigieh W 2 X = 9235, Y =
83.92, Z=96.98°] 3]t}

AE*ab=\/ (ALY H(Aa)*HAb)

~
(]

A

=4
=4 42 Texture meter (TA-XTplus; SMS Co., Surrey,
UK)E ol83fe] ol % afele] 7% (hardness), %24 (adhe-
siveness), B2 A(springiness), -5-%“d(cohesiveness), /3
(gumminess), 2 $1/d(chewiness), =4 (resilience)= =7 5}
i} €] el 712 3 cm x A2 3 o] GALzHE 0.2 7}
£ 3 test speed 1.0 mm/s, strain 50.0%, trigger force 5.0 g2
Z 794l Compression Platens2 53] oA 2A8}31 HyF7ko
2 ALkt
7t

i
olr
o OH

eH7he & 35 1099 panel (F3 03 & 6%, o 4
g; 21-304)E AR ste] B2t o oS3 E 9] M(color), H
A(smell), 5] Yi(fishy smell), S(taste), ©] 1] (abnormal taste),
2] 117]8K(beef flavor), 2] 7H(texture), 73 &= (hardness), £+l A
(springiness) W £3H4 7] & %= (preference) 5 107}4] =S
9 A=z AASHATHR A et 7| A 852 193] 5l
H13: 1041386-202005-HR-30-02). 97 A= 5 13- w9 1t
7L} LS (extremely bad or slight), 97-& vf-$- 7|1} 745
(extremely good or much) ©. & F A6} slo] 5 H7HE Al
A3set.

=XIPSE

Ao A Aojzl Aol gt FA 242 SAS program (ver.
9.3, SAS Institute, Inc., Cary, NC, USA)Z o] &3}o] A%
2] ¥ 3re] HatghS BAHEA 3 5, Duncan's multiple range
test MO & P<0.05 oAl & 1] {2141 Aol & HA
shct
A M2 EA(VOCs)

% A&+ high volume head-space vial method= 4|3}
Stk 1 g9 AE-3- 250 mL dark vial (Supelco Inc., PA, USA)
o] ¥, Vial& PTEE septum (Qmx Laboratories Ltd, Essex,
UK)2.2 g3 2E2(60°C)°] 30 min7+ gol 3|34 sletES
AASFATE MES 1 h 5% 204 25 P& o|F3UL,

CUPHS - 2 - Holal - 0]

A5 - B

head-space 74+ 71
controller, MFC)E A}
AeE 2 FEE 4259 Carbopack B2} Carbosieve SIIT
(Supleco Inc.)S £3}510] AF50 2 ZAFE Tenax-TA (Suple-
co Inc.)= FAEH(Seo et al., 2012). FEO| 23 slghE2 &
S27)0] of3) 2|} GC-MS Aulo] FE el

dh SIHES AT-1 ms column (60 mx0.32 mmX 1.0
um; Alltech, KY, USA)Z 423t GC-MS (QP 2010A; Shi-
madzu Co., Kyoto, Japan)7} 53 automatic thermal desorb-
er (ATD 650; PerkinElmer, MA, USA)E A8-514] method
US EPA TO17 (US EPA, 1999)2 24 &tk GC-MSQ] 2}
T2 Ee=o] 1 ppm v|9ke] AFE 5 7|H|E AME-51
20-350 m/z®| Ak W floll A AT} ARAL SRtES
A& 4 Ut} Tentative identifications+= Wiley 2213} Nist
107 AzF AHEY do|gH|o] A (John Wiley & Sons, Inc.,
NY, USA)9| ghat 74| 2 55 AT 4 A A9 ER
o] Bl E nige g AFYErt. A setEe #5549
w2 w3} ] sto] Jake BAsler.

o ot
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Yol A
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Zot ¥ nE
pH &3

AA g3} 48 0] 7} ] &2 The A slo] HAER L A
A 958 o} % siE] 4|2 2t 452 pH 274 272 Table 1o] L}
EPAITh. pH 2 4ol A w8 0] ghero] 842 pHY} WA L
ERITE LS 60%, WIS 40%¢] A9 5422 7 A 1
BRI WA Ghafo] S7184E pHYF ZHAEglow] HAlS
20%, WAZ80%} WAL 100% 90521 Zol 7} e
OF9Ieh. Cha etal. (2014)9] pH 2348 5 5] 29, 245
Q1 Thelgo] wjay£.el 7Hsgo |3l pH7F B317] W] of
R AM5o] WS R pHYL ot WAZ | Fepo] F7
42 pH7} sl 23S 89 4 olrka kot 317]
o 5704 3791 pH 5.0-520] M 984 To] 2% 3
o] w1 W4o] ZhAu] i vk pHYL 27F4E 7hE 44
o] GAFEIC(Lee ctal., 1994). whebA] WAL AHgSH= A 1
o A8 %0] FHE4F pHYL ot 48 Aol F o 34

Table 1. Changes in pH value of unheated fish patties containing
different meat ratio

Meat ratio (%) pH

Red meat 60, white meat 40 5.42+0.022
Red meat 40, white meat 60 5.38+0.03°
Red meat 20, white meat 80 5.30+0.04¢
White meat 100 5.30+0.02°

Means in the same column (a-c) bearing different superscript in
sample are significantly different (P<0.05).
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Table 2. Changes in color value of heated fish patties containing different meat ratio

Meat ratio (%) L* a* b* AE

Red meat 60, white meat 40 74.10£0.42° -2.36%0.24° 7.63+0.18° 26.13+0.37°
Red meat 40, white meat 60 75.61+0.732 -1.94+0.20° 8.13+0.262 24.85+0.66
Red meat 20, white meat 80 74.68+0.38° -3.18+0.15° 7.97+0.192 25.71+0.31°
White meat 100 73.40£0.71¢ -3.53£0.30¢ 7.0610.56° 26.65+0.48°

L, Lightness; a, Redness; b, Yellowness; AE, Color difference. Means in the same column (a-d) bearing different superscript in sample are

significantly different (P<0.05).

oletit welt}.
ME EX

& H(6:4, 4:6,2:8, 0:10) A AL, WA S A7} 5
AL A2 o8 oE] A7 ZH4F0) My =4 ATLE Table 2]
L}E}mq L 2k a 22 b gk Mol A AL T wag u]g
of w2 §-2] 28] o] Gl A 0.2 BT o] 7l Zo
%"‘3"& 72 Wkg-o] A e ob vl AR o] Sl Zﬂ-‘lﬂ &
HElth(Jeon et al., 2013).

=N =X
-1 O

AR g3} WAl g 0] wig) v &l utE 7tAE of & o] B
8 27 7 Table 301 ek, A0l A5 424s0] v
o] =2 1uf 7,792.22 g/em’E 71 =& ZHS e, ul A
£:9] ulgo] AMKHT} 2o gho] 745Hech Lee and Lee
(2000)> 71959] A= Fepl o, g AL, oS F2
% chigo] ek 290 Thaje] haule S o whetet
A 5477 2192k skl s, Febal s WA T
7h QIeka soieh AASe] el ZA) W ofFo )
3 ZebAl ghefo] ojA |2 o] oIsttH(Cho, 2008). =}l
& 7k A, Aol AR E|e] 4F YA Tz AR
YUY FRE H7 A HY = =51 Hrl(Wright and
Humphrey, 2002). 71 A} 714 & A0 Aw=7} 7FsA] &=
Aoz Alm )

H2A o] Ao A= §-olA el (p<0 05) z}olE vyehyA] &
QFal, Wi AH2 0] H|-g-0] Z7}eE elg A o] ZAS-20%, WY

7].0:] 37

rlH

5 80%%Y wf 7 7rAskelet. AMS9] vlgo] =2 el

H] sl A5 0] vl & l—t{—_ aefol A A, HRHY, e, &
A, A, AR FollA B e gk Byl ol
ﬁ%«l Hl&o] F7Hte] el HEge 40 S7lshe 22
= Uehgth

Al59] BiEl= ARk 918l 9iE 59 Fughs sidska
Rogeul #0835 AWe oF 20% 7iste] ARgdtct
(Lee, 2014). whe}A] ziéﬂ% 20%, WA1S- 80%2} W1 A8 100%
A o] ¥-5-2] F7tol A & Zpo|7F e A] §hA 28]
ASo] B A2 Fol| A W -S4, e o] e Al
Aol AA A0l HES 15to] ML 20%2} B A2 80%
O] v &2 el & A2t A o] Asirtar wekenh

=TT O
s gt

& H(6:4, 4:6, 2:8, 0:10) HANE, WA W7} 5 7195
= A% o5 wlfE Ali 7} 4%-2] We87F A= Fig. 1o v
ERLTE. A, ofwl, o]l taliAl = #2124 <1(P<0.05) Aol S
LFERA] 9t %.MHL A AE-0] o] S7kebel| et £-9f
ARl Afol 5 Uehf om w0l 100%Y W) 7.502 714 =
Al B7FskAT) B A M-S 60%, WS- 40% U uf 5.62.8 7}
5 347}&0% WS ol ST AR 57 A
& HERt 231719 H—H*—E = ol S7FEe S gl St

3= 3RS Ho|A|uk WAL 100%2 wQ} A AL 20%, 1A
5 80%¢ o] «W ¢l (P<0 05) Atol& vreriA] exgict. 4
A5 20%, WA 80% & ] A2 7302 7P Al e
5.82 71 WA Bretglt. Bl vk Al S o] e A= WA

E rlo_l

Table 3. Texture values of heated fish patties containing different meat ratio

. Hardness Adhesiveness Springiness . Gumminess Chewiness "
0,

Meat ratio (%) (N/cm?) (N) (cm?) Cohesiveness (N/cm?) (Jem?) Resilience
Re.d meat 60, 7,792.2241,038.48° -2.95+1.78* 0.81+0.032 0.541£0.05° 4,198.014903.43% 3,413.13+845.49° 0.1540.032
white meat 40
Red meat 40, b b b

. 4,374.13+1,21073°  -4.36+1.27% 0.74%1,035.01%° 0.42+340.93° 1,828.79+1,423.76° 1,349.65+225.42° 0.12+46.14
white meat 60
Refj meat 20, 5,772.014838.71°  -5.46+0.99° 0.72+0.03° 0.534£0.02¢  3,028.10+336.38"> 2,189.02+214.80" 0.15+0.022
white meat 80
White meat 100 5,477.02£906.15®  -3.63+1.44° 0.77+0.02° 0.44+0.00° 2,407.85+403.51* 1,853.81+345.82°0.12+0.01°

Means in the same column (a-c) bearing different superscript in sample are significantly different (P<0.05).
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Beef flavor
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Fig. 1. Sensory evaluation of fish patties. 1-4 are as follows: 1, red
meat 60%, white meat 40%; 2, red meat 40%, white meat 60%;
3, red meat 20%, white meat 80%; 4, white meat 100%). Values
with different superscript within products are significantly differ-
ent (P<0.05).

= gho] 71kl wheh S71shaL 2415 20%, WA1S: 80%
I EALS 100% Y wioll= 2121 Q1(P<0.05) Zto] 7} glo] 5
SHA B7Fskeit.

WAS-0] Fheko] IR AT wrt w7 B7HE AL A
HW7E AL 2a1713k0] U Ao gho] il W AE 2l
3 e HA e AlS] sfEl et FARE A3 7H Aol A
Seof| A 2Hg-Frkar TehE T A 20%, WALS 80%
OF Wl 100% Y W o] H7Fofl Al iR o142l Afe] 7t Lt
ERLEA] oRoXaL wiARS-0] A A Ql Hng e ot uf A
A8 20%2} B1ALS- 80%2] &R FE] S A|Zsh= Alo] &gt
SFrhal SekE )

A S 2

] Alzeol gol AgElE 47| shelE thAlshs of )
g2 Alzsk] o), olo] T2 T WAL £717|%
of WA Aol SAIS otobuy] 93 2zt Tfelet Alzel
7] AdH2] B]aE Table 40 YepT 394 3F7] &2
benzaldehyde®} A= dH|5}0| = decanal> 4317]8-3} 3+
AR wS o] Zpo|7b ZA VR AR, -8 4a17] JF AR
2] 3-methyl butanal2> -F-AFSH 72 E At} benzaldehyde = 4
5] A G7] AR FolA g Fa 4 Eo]d phenylg-
lycan®] strecker degradation®] 2JaljA] AA] = tH(Heo, 1991).
3-methylbutanal & o1-%3)] 7k <1gt mailardFgo] <J3)
A E= Z 02 strecker aldehyde= €24 S1th(Jun, 2009).
7] & s}HE 2l dimethyltrisulfide, dimethyldisulfide E3F 4

A7)0l vl A WSl A oo e AE d

[l

Table 4. Analysis of smell components of beef and heated sword-
fish Xiphias gladius

Area
No. Compounds Swordfish
Beef white meat
1 Pyrazine 62,647 -
2 2,5-dimethypyrazine - -
3 2-ethyl-3,6-dimethylpyrazine - -
4 Propanal - -
5 Benzaldehyde 334,364 64,151
6 Decanal 662,034 77,781
7 Tetradecanal - -
8 3-methylpropanal - -
9 3-methylbutanal 4,514,991 3,981,409
10  2-octanone 8,492 -
11 1-pentanol 1,208,576 -
12 1-octanol - -
13 2-furanmethanol - -
14 4-hydroxy-2,5-dimethyl-3(2H) ) )
furanone
15  Dimethyltrisulfide 1,009,721 166,230
16 Dimethyldisulfide 3,598,895 555,672

17 2-acethylthiazole - -

At} ol= oS s Elof] b oFute S R e R
ZFElth(Lee, 2005). weba] & A-Lo] AutE o] Suffg A%
AR B5-9] A7 EFo] F71Hek=5: 3-methyl butanal -5 5
1y 7] Aol S7Fsto] a17| 9 el of Al of 5
4 9tk AL gelaksit

~

o > oz %0
oX

o)
i o
o

R=I
i

€]
Al AL

o] =2 W e} I ATAT] AUO 2 U wop 4
Wl 307 Alstelg e Amdish SA4ARI(LINC 3.0)9] A7
Aelyet.
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