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Development and Quality Characteristics of Softened Hamburger Steak,
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This study was developed to prepare hamburger steak (HS), wantang soup (WS), and tomato soup (TS) for senior-friendly
seafood’s (SFS) using bigeye tuna Thunnus obesus, and to investigate their quality characteristics. All data were pre-
sented in the order of HS, WS, and TS. The hardness values were 298.9x1.0%, 47.1x1.0° and 14.9 x1.03 N/m?, respec-
tively. The viscosity of TS was 2,856 mPa-s. The protein contents were 13.8, 11.7, and 9.7 g/100 g, respectively. The
fat-soluble vitamins content were as follows: vitamin A 21.88, 5.03, and 23.72 pngRAE/100 g; vitamin D 1.15, ND, and
1.81 pg/100 g, respectively. The water soluble vitamins contents were as follows: vitamin C 47.22, 32.83 and 37.01
mg/100 g; vitamin B, 0.17, 0.11 and 0.10 mg/100 g; vitamin B, 34.87, 34.76 and 54.62 mgNE/100 g. The Ca contents
were 15.9, 16.8, 28.9 mg/100 g, and the K contents were 383.8, 167.4, and 300.0 mg/100 g, respectively. The dietary
fiber was 0.04, 0.07 and 0.08 g/100 g, respectively. Escherichia coli was not detected in any of the products. These re-
sults suggest that the products should be classified as follows, based on their appropriateness as SFS: HS, WS and TS.
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oMt 315 Q1= §A 3] S7Fste] 2021 ell= 8531 7,000
8O A Q17-9] 16.5%F 25911, 2025 o= A <
9] 20.6%5 ApA5te] ZalE ARl 2l A 2R, 2036
ofl 2] Q1721 30.5%¢] o5 A0 o S= a1 YTHKOSIS,
2022). whabA], -2jutebs ofu] of= a1 Atelof thefet 4
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}o] 80%S x}A5}aL QItHFAO, 2017). thatolf &
& 03¢ Ztlato](bluefin tuna Thunnus orientalis), w=C}&
o}(bigeye tuna Thunnus obesus)+= 2 S17F 0.2 T8 5w 4
3 0]&<] 7}c}etol(skipjack tuna Katsuwonus pelamis), ‘SN
t}eto](albacore tuna Thunnus alalunga), SFttEol(yellowfin
tuna Thunnus albacares)y= 223, 7} QHA S o2 717 9
2285 7 9)ch(Kim, 2021).

ol & o83t sHtAE 0| A= uhaE ool & Hlo|
EUA R 277 B 7R AR AL, Aol & o A
A ajE] Fej R Jgsto] 1THRE G2 AFY] FEjo]al, =t
o] & o] &gk A2 kit ekl & T FEE A5,
858 Wi}l QB o2 074 gl Ho] Hefoln), e}
%15 o] 45 At b} Ag Tk 48 wE QT A
Ko] )iz Azmo] gefoln, ol oA 47 et vhe 4t
24 Ol 54 Al 7HEES Ax 4 olck ek =t
o a2 REale 23 S Sl ARsat 9je] 7]
55 383 T AFENE F9 sl wriol &
4 HMR (home meal replacement)d 118 25} 22 A =3t
% 912 o,

CRol Rl o] gl et AT AR A et Bt
(Rossi et al., 2002; Sun et al., 2013; Chen et al., 2018; Pertiwi
etal., 2021), F=ofo] o] 1A @ 4 9l ZHe $1eF(Hettiarachchi
etal., 2015), A& R 2=0] thal 2] ¥ S Wang and Jing, 2019)
ol AL, 7HeE0) A A sx21 a4 B7HGanjavi
et al., 2010; Mahalakshmi et al., 2012; Rahmani et al., 2018),
HA] B2 9FEA(Aberoumand and Fazeli, 2019), B4 2]
o] W2 2Hx] Ex 9 thl 2] ¥ 3K Garcia-Arias et al., 2004), A]
] Fx2E o e 54 ¥ (Kim, 2021), 7ithg o] 2%
o] Az W EA(Kimetal., 2012) 502 tito] Exgog
A olu] erio] S| ol Rg e 1 AskAE
et e Wi,

2 Aol FURS] wrhgolo HE 2 E(retort) S S8
3k 127194 2] -4 (Lee and Yoon, 2019)3} uaf 34 (Kang
etal., 2010)2} 2= A3} 3745 2|-8-5fo] FHer2Hlo| =, e
9 EupE Aol Zho thokst Mg o}AEe] A W o]o] |
&2 0|85 93t FH 5ol thoto] A gl
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THURR wtHol(T. obesusy= At /deoll Al SlaThS &
23k 22l(loin)S 20219 5€0f Hdde gt &) SAF

=2

A] ool utzo] ol 1Al Subet the, ] 470l 4
mmzE o]Fo] A S o] E(plate)7} A2 &3 (chopper, M-
12S; Hankook Fujee Industries Co., Hwaseong, Korea)= i}
H5tol ALgakich.

AR 722 HA(EN Food Co. Ltd., Paju, Korea), &t
W(Imegg Co. Ltd., Yeongcheon, Korea), -AEfAA, 713
9 521 Ottogi Co. Ltd., Anyang, Korea), U7} 9 %+
A7V Z(ES Gompyo Co. Ltd., Seoul, Korea), B HA, A
g, 23(X % CJ Cheiljedang Co. Ltd., Seoul, Korea), HE],
A 9 285 Seoul Milk Co. Ltd., Seoul, Korea), %l
7F4(Chungjungone Co. Ltd., Seoul, Korea), EOFE H o] A
E(Lotte-Nestle Korea, Co. Ltd., Seoul, Korea), |5 Z2]| =
(ShinYoung F&S Co. Ltd., Gwangju, Korea), 72}, B, HA|
A7) ohs, tiuh, vk, 207] RS, S E gk, 2
9 W AL AAE B9 AR EeuhERRE 20219
46920 212k PJstel AL
DFRISHAF(HEAH 0=, #E H EOfEAIO| K&

HIAE| o] H= F HA(total mix) 5 710l tiEke] wrf
gro] mpaf] 2921 62.7% (wiw), SR 1L7] TS 12.2% (wiw),
7 7.0% (wiw), Sk 7.0% (wiw), G 3.5% (wiw), Ae
0.7% (Wiw), 2 0.7% (wiw), 27+ 0.7% (wiw) 2 53 0.3%
wiw)yg 2| = ga, 2ghete] Ris50 = vk ohs g4t =2
7I(7F2 5 em X A2 5 cm X £ 2.5 cm)E Ad @ sto] -
2 zeto|so) A 5EF A9 Azt FEfAH 0|28 b
u] 22k (demi-glace) &AE & YA F5F 7|29 Hislo] &
79.7% (wiw), HE]l 4.0% (wiw), D7FE 4.0% (wiw), A3
4.0% (wiw), 7 4.0% (Wiw), 2B A2 1.2% (wiw), A
2.8% (wiw), 21 4.0% (wiw) 2 3= 0.4% (w/w)E ¥, 8
g0l 71 =5 1537 Fof Alxstelct o 34, =4, I,
A 241G HAl= L ol Tl thste] 220 F
o] 35%7} E =5 Ett Ao = skl

g s F 9L T 7ol tieke] wrheol v
291 79.4% (w/w), T+ %t 9.9% (wiw), T4 F 9.9%
(wiw), 229 0.4% (wiw), &= 0.4% (Wiw)s Yil, &3sto]
10 g¥ &Zsto] 524 AFsth S8 Sr=F UL F
#7150l thoto] & 49.9% (w/w)oll 7HAFA] 0.7% (w/iw)E
Y, 1587 £ & AR g =S AAste] Alzskaith
2o g ke ehg Sl A3 2HAF 35.9% (wiw),
O} 2.9% (wiw), B2 7.1% (wiw), TR 1.4% (wiw), that
1.4% (w/w), B 0.6% (w/w)S YL, 557+ o] A=t}

ENtEAIZE F A SR 7|z tisto] kol uiaf 221
17.5% (w/w), T 42317] 5.8% (wiw), TH ¥tk 4.7% (wiw),
o 7H2F 2.9% (wiw), H1AL 1.8% (Wiw)E 2B BE8E T2
gtolmo]] War, 1087 -2 ths & 28.0% (w/w), ERFEH 0]
AE 23.1% (Wiw), G 11.7% (wiw), 73 0.9% (w/w), 115
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0.8% (W/w), JE7FE 0.6% (wiw), 2% 0.6% (w/w), H#HE
2 0.2% (W/w), 23 0.2% (wiw) H 33 0.2% (W/w)E 4
I F A o] A7 =2 2087 Fof A28k

d4e

ArE A4 (Korean Industrial Standards, 2022)
ofl A AAIRE Ry ol whet ohEat o] AA|skH &, Hee
texture analyzer (CT3-1000; Brookfield, Middleboro, MA,
USA)E o]-8-5to] L2545 Al A A& 45 A3
& Z45k0] 500,000 N/m?7}F A b= Z1S 2hRIgE ok Al
Wz 248kl ol A3H-e 8 (probe)} 49 A
o2 217 3 mm (BF-TA3K; Hwashin Instrument Co. Ltd.,
Busan, Korea)2] 712 AME-311 1L, HIAE Q] &5 9] 72 600
mmiimin, %7 Z0]2] 2.9 A 2.9] £ 30%2 sho, Al
Mo T2 H O] AL g o7 A7 5 mm (BF-TASK; Hwashin
Instrument Co. Ltd.)9] A& AFE3IA 1, HIAE 450 A9
100 mm/min, 37 02| 79 A 25 $s] BEIHE AL
2 oFoieh LS4 AT A D ABEA AlEe AEe A
2oz 245, oful, Aol 24 A EzuL g5
2 2174 20 mm (BF-TA20K; Hwashin Instrument Co. Ltd.)
o] 7102 AFEBIST, HIAE SEL 600 mm/min, %74 20|
= 871 Bietoll A 5 mm7} H= A3 O 2 sEqinh. o, Al
(MFDS, 2022b)of| 4] 2573 5 1 3}4) %o A-§-51aLA} 6=
A 1PE2 AR e R, 58 AlES Aves 4519
a1, o], 24 &5 20+2°CE 3fo], Ao A9} et
o A% 1R Y] T, ErhEAm] 46 fgEE A
El(cylinder)oll 57 % 2kt 2atoic}. Zakgre] 4% 53] =
33t ok 2T 2 gk A3k 33 Bt gk 2 e Sl
on, 3198 0] o2 77} hirElo] ol A o] A9 Zte] 3
29 42 5 714 w2 oz sk
HIEtDI

HER2 5&[H|EFY B, (riboflavin), B]EFY] B, (niacin), H]E}
91 C, HIERL A, HIEH] D]9] M A 2o} o] 5 -85t =42 4]
F5A(MFDS, 2022b)ol|4] g3t &N AR nbE Tl
of oet Awkriel whek AAISHIH: ofuf, eyl 5F9] FA]
< fI5ke] vlEtel B, 9| 745 Shiseido Capcell Pak S-5 C,, MG
(4.6x 150 mm, 5 pm)o| Z2+E UPLC (Waters ACQUITY
UPLC system; Waters, Milford, MA, USA)Z A A5}t 0]
o, H]EH] B, o] wA1& 917 o] 5/ 2712 35% A-8-H(Meth-
anol) : 65% B-§-2(10 mM NaH,PO, in HPLC water) .=
222 (0.8 mL/minZ, fluorescence detector?] 42 530 nm=
skGict. vlEtRl B, 9] 7-¢- Shiseido Capeell Pak C,, UG 120
(4.6 X250 mm, 5 um)©] 22 HPLC (L-2000 series system;
Hitachi Co., Tokyo, Japan)= AA|3}F(c}. ofuf, H]ERT] B, 2]
BAL 95t o] B A 2L 100% A -89(5 mM hexanesulfo-
nate+0.1% acetic acid)E = 12E7HA] G4 &, 70% A &

ol 30% B-EN[(35% 5 mM hexanesulfonate+65% MeOH)
+0.1% acetic acid]S 2027HA] A1, 255714 100% A
foaoz FAAHOH, 5452 1.0 mL/minZE, PDA (photo-
metric diode array) detector®] 42 260 nm=Z 3}t HIER
71 A 9] 7§ Shiseido Capcell Pak S-5 C,, MG (4.6 X 150 mm,
5 um)o] A2 HPLC (Agilent 1100 series system; Agilent
Co., Santa Clara, CA, USA)=Z A A|3} T} HIEF A ] HA1S
A3} o] FAF 2712 95% methanol: distilled water (95:5, v/v)
o7 522 0.5 mL/min&, fluorescence detector®] I}A-2-
460 nm= 3}tk B]ER D2] 7-9- A %] 2]+ Shiseido Capcell
Pak C . SG 80 (4.6 X 150 mm, 5 pm), +-4]-2 Cadenza CD-C
(1.5%250 mm, 3 pm)°] A2 HPLC (Nanospace SI-2 sys-
tem; Hitachi Co.)2 41 Al5}3ick. v]eF D] 242 9i3t 114
2] 9 24 270 9) A o] T4 220 7+t 80% methanol %
96% methanol .2, 442 77} 300 uL/min ¥ 0.5 mL/min
© 2, fluorescence detector?] TS 264 nmE SFIT} ¢l
A At NaH,PO, Yhexanesulfonate-> Sigma-Aldrich Co.,
(St. Louis, MO, USA)o| 4] #| 23} 7S acetic acid, methonal,
water< Daesung Chemicals & Metal (Siheung, Korea)oj| 4]
A28 AL Pt

FI71-

271 £412 Kim 014)0] et whlo] uket 4] £
W wafisto] HAAlskT &, AHAl 1 g2 F5ke] H=Z& =)
7](Teflon bomb, PTFE, 45 mm diameter; PALL Corporation,
NY, USA)el @iz, of7]of| AAikE 715t A 2]shelaL, 24
< AESHAMEDS, 2022b)o]] AJA =] Sl 202 AA]
skQlth. o]& ol&ste e AYEet=rHEA] 7] [inductively
coupled plasma spectrophotometer (ICP); ICP-OES Avio20;
PerkinElmer, Waltham, MA, USA]2 £43}%i .

Aoj4%

Alo)Ad - F42 AFFH(MFDS, 2022b)0] & 4-FaH of
uhet AAISHTE &, AP A7 A2E ffste] HAIE o
H 2 (ether)® EA|(HAA 1 g& 25 mLA 3W), #2435} 4 70°C
AL E(OV-11; Jeio Tech, Daejeon, Korea)oll Al 211 A
z W giA A o] el of| A By, A4l 24(0.3-0.5 mm mesh)
3t > YW LEA Aspergillus oryzae 71 o-amylase powder (Sig-
ma-Aldrich Co.), Bacillus polymyxa 7]l protease (Sigma-
Aldrich Co.), Bacillus stearothermophilus 7] o-glucosidase
(Sigma-Aldrich Co.)¢} -2 A4 2 #2120 2 7R alals]
), o]oj A d4 7hrE Sl 95% ok 225 mLE 718k,
dFulEate s 9 ohZ A2oA A7 JHA] 5 ot
= A2 2 FeflES vlE fElodur]of a=2A FAEA
ZESIREES ¥aL FAE AR ezl 78% oflg
= 15 mLE 7Isto] FRES A 5 o sto] Alz)of o
AL 78% ofgh&o] S01 U= A AJF 23S ]85t
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of H|A Y 27ES FeAI7I=E &7 78% olehs, 95%
ofetE, oMM EL] =0 & ZH7F 15 mLA 23] ZHRES Hlofu
Stk Aol R T2 ol 84 2l A= 105CE 273
& =gfo] 2 E(DS-520M; Daewon Science, Bucheon, Korea)
oflA ZhREo] Foldle Felo & 2447 A RAI71 4L, |
AAOTEI oA TAIZE B sto] FA] S35 T, vl s}
o ERIGH FRES 233 Feofitr| o] FAE W ==
steich

L& Escherichia coli) A&

=t AT AR (MEDS, 2022b)of =55
5ol wheh AAE T tigt o] 2412 Al e 1 mL
o Zh A 3] AN | mLE A+t A2ZFH A T (Petri-film™
CC; 3M Health Care, St. Paul, MN, USA)of| 3wl %] 4 &3+ &,
HIF(35+1°C, 24 £ 21703 thg+t2 2 2k 5 9
of 71ZE FAT s AL 1 ot A4l 212

—~

S|l Hoke] tht = YER AT
UotEE 2 oK
U= AOAC (2000)Rol mhef 2 Jd7tdd=z
Hog kAL semimicro Kjeldahl'Ho =z, ZA|HFS
Soxhlet ©. &2, 332 1A 3|ap] o & Z47F Z45141 0L, '
> 100-( 2t ey el o

F)O2 Alkste] Lrerd gl

A duHdE e vEoR, SVIEEAEEE

=

(RDA, 2016)0l| 4] AAIGE b=t of A Z] SHabAl4=(HH A 4.27
keal/g, A%} 9.02 keal/g, B<=3k= 3.87 keal/g)E A-8-51] A+

#5t9ict
=1

Hrl AZZH(MFDS, 2022b)ol| 4] A58t dw BAY 2
3lab oz AABIL &, d % S48 AA Y A 52s AAE
3|3kA]7]aL, o] 5 PAT FFaoll ¢l vk 4-8(500 mL)
A ofsto] A 28kGit) He S42 A2 HA 10 mLof] =
FAEEE(K,CrO,) (Daesung Chemicals & Metal) 891 2-31
&5 7kskaL, 0.02 N 24RA(AgNO,) (Daesung Chemicals &
Metal) -8-91 © & 2 4J5}of, Ab=5}9iTh

Z0}0| LAt

ofulieAte] B4-2 AOAC (20004l AlAIE|o] gl ofv]
A EAH S AEeEs o2 AASHITE Fotv] Ak
£42 g5k A 0] 7HRals Aol AR (T ARA of
10 mgell S 71piall AlETHT16-137-255; DWK Life
Science, Millville, NJ, USA)o] AWU3] 3t tr2, o17]9] 6
N HCIS) 4% 715to] A $73} BAlo] B85t o]
< heating block (HF21; Yamato Scientific Co., Tokyo, Japan)
oA ZFEAZ|(110°C, 244|7)3ko] AAJSHTE. o]ofAl, A

2] AAl= 7hrdsiEe 2718 f2lZE(Aspirator A-38S;
Eyela, Tokyo, Japan)2 7+¢rod 15}z, A-5-74¢-s=7](Rotary
Evaporator N-1000; Tokyo Rikakikal Co., Ltd., Tokyo, Japan)
2 40°COIA FUAET T ohA] BL 7R TR 9 S5l
11, 0|5 7FhA 252 sodium citrate 22 (pH 2.2)2 A}-8-5}
o] 25 mL= 4-g-sto] A28t} ofn]ieihe] 242 A 7
AA o] YA TS olm] 1 AR E-E4] 7] (Model 6300; Biochrom
30, Biochrom Ltd., Cambridge, UK)& 2415111, 4 aFs} 3t
ojuff AxFo] A== 7% ol TR (membrane filter) 2 o

salo] ALt

R

AHpAE BA-8 Al 23 chloroform-methanol 2 2:1 (v/v)2
&35t &80 & AR8-51= Bligh and Dyer (1959) 0.2 3
Zoto] AMgSFRITh

A AR EA S =53 A B4 A ol Y 35559 methyl

tricosanoate (Sigma-Aldrich Co.)E 1 mLE 713+ th3 14%
BF.-Methanol (Sigma Aldrich Co.) 895 ©]-8-5}o] AOCS
(1990)51 o] whet AAISHATE &, AJHARS: Wi =4 o] 7}
st 7l A 2Tk AR E o]-&-5tof A4 wE o 8| = 3)gt &
o capillary column (Supelcowax-10 fused silica wall-coated
open tubular column, 30 mx0.25 mm I.d.; Supelco Japan
Ltd., Tokyo, Japan)©] A2HH gas chromatography (Shimadzu
14A; carrier gas, He; detecter, FID)E ©]-8-5}o] A5} T}, o]
uff 54 2712 injector ¥ detector (FID) 225 X5 250°CZ
S, A 2= 230°C7HA] 52 A1 o 1587 A5t
&t Carrier gas= He (1.0 kg/em?)2 AME-3F AL, split ratio
= 1:50°.7 314t

AT A AES] FE A 2] 55 oHE AT o A] 1A
3} 33 AWK Applied Science Lab. Co., Baldwin Park, CA,
USA)I}e] 058 A7k} ] etol E4aholc.

A3lE

22352 Hur et al. (2015)0] 15t ¥ o] whef 242ef 4
sfol(ekel, gio, 240l BE)S Azstel UAISHI %,
T7$0] 23h= 200 mL AZFEeks o] mRafgh A= S gof| Bt
H(saliva) 6 mLE % 7}5}aL v} 14| E v (magnetic bar)E Y&
% »le}d & (Parafilm M-996; Navimro, Inc., Seoul, Korea) 2
2 AZERAA QS Ut ] 37'CE 244 shaking wa-
ter bath (SWB-10 Shaking Water Bath; Jeio Tech. Inc., Seoul,
Korea)ol| A 27 8] wREA| 7| HA] SEZF 23HA| T, 9]9] 423
= TdolA 2stA Pt Az 9] 12 mLE Hol 2 &
a1 453} o2 shaking water bathol| 4 Z12138] WHEA|7|WHA] 2
A7k 4:8kA171ck. ofu) pHYE 3 040 2 4455t 6 N HOI
o-g3lo] pHE 3 0|5tz 2AHIck 24 = o] 4T
7t flollA A o aokA e sk 2% 12 mL
SF g5 6 mL, 12| FEAY 2 mLE Ho] Egska
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H3} t}-& shaking water bathol| 4] 23] shaking A]7|HA] 2
AZE 23kA ZAEE olef] pH7E S o]sto] ALt 8 o)/e] EH 6 N
HCIZt 6 N NaOHE ©]-8-5t0] oFAHd = ofdze] oo<eo]
T A 2AskTh 4, 9, 2% H o A3t AR
= YAET](12,000 g, 15%) (Supra 22K; Hanil Science Co.,
Dagjeon, Korea)sto] 4502 W 2|, W2 12 7138}
ek 23S 43} A FFol tieh 43t & SR vl &
(%)= SF3ATE

Lo 28 33 MEZe nZRsAEo 2 F2|H,
o

IHASTAF O ZA wrigolE 283t 3% AlE(EHErAE
=, 9% 9 Enpe Aol 4], G 9 9ol thet A4
= ATE HA 07 UPFSAIES S 7|E AR A
(MFDS, 2022a)} gF=-AH] 355(Korean Industrial Standards,
2022)Joll AAEe] Q= o5 &l diste] A% Ai=
Table 13} 7t}

ol 28 ugRSE 3% AFY AEe TEAE
0] 298.9x 1,000 N/m?, 2+} 47.1 X 1,000 N/m?, E0fEA
I 14.9%1,000 N/m?0]gic}. oju), 1H2sPAEL A7}
20,000 N/m?0]3}¢1 4% H% 7} 1,500 mPa-s o] Ao] o]ok ach
T AT QI upebA, AW E EnfE ALY Hrle 2 856
mPa-so|§itt. 0|9} -2 11 G X15}AIE 35-0] B4 ThA o thgt
ATE AZZH(MFDS, 20222)2] 1 A3 EL B4 7)%
of] A-gol= 4 A= 24 AE & 7]3(50,000 o5} N/m?)
14 Yol AL, sk=Ard 114 (Korean Industrial Standards,
2022)9] HFISAEE B4 7|12 A9 50,000 =
7+-500,000 ©]3}F N/m?, 241 2] - 20,000 Z3}-50,000 ©]
3 N/m?, 39H4|2] 7% 20,000 ©]3} N/m2o]#A] A= 1,500
mPa-s o]t of| H-8-5h= 75 FarAE o] A= 1A (Kot
A3 =4 71oll, 2 2e8 A (SlE A F) e =4 71,
1Pjal EnpE AL 3TA| (S R A F) Y B4 7l Ads
it o]e} o] A HFHAE 3% AlE 1He] B4 Abol= mh|
A 7k A2 o] {5, 7FE (o] H ER), FE R SR
ARG Soll &Jjt Afo] w ol e} ke it

ol E 289 R ASHAIE 3F AEL 100 g T D%
w{EE, BlEk 55(A, D, C, B,, B,), #71A 25 (dw 2
B), Ao ]8 At Av= Table 13} Z2th. 213 2514
3%9] 100 g & T2 Sk gHEkAE o] H 13.8 g, &4 11.7
gHENEAZ 97 g0 7 U 7]135(6.0 g o1/)oll Hlsto] 3%
O AlFo] M w=okth PG ZISHAE 35 Alw9] 100 g T H]
ERR kS A 84 BIEH 5 v Ekel A7} Sk AE| o] = 21.88
ugRAE, €4 5.03 ugRAE @ EnlEAT 2372 11gRAE, H|E}
9l D7FgEtAH 0T 115 ug, 949 545 4 EnfEAT 1,81

ox

M4

ug, -8/ HIEtHI 2l vlepel C7} ghdfAE| 0] = 47.22 mg, 24
32.83 mg 9! EOEAI 37,01 mg, BEFRI B, 7} ek AH o] 2
0.17 mg, &% 0.11 mg ¥ EUFEAI (.10 mg, HEFY B,7}
Sk AE|o| 21 34.87 mgNE, 948} 34.76 mgNE 2 Eupg A
54.62 mgNE©| It} o] /o] L X341 35 #1521 100 g T
HIERY] 3FF A5 4(MFDS, 2022a) B g4 3#55(Ko-
rean Industrial Standards, 2022) (W€} A z+2F 70 2 75 ug
RAE o]/, HIEFYI D X7 1.5 pg o] 4, HIEH 225 C 10 mg ©]
%, HIEHH1 B, 0.15 mg o/, H[EH B, 717} 1.4 9 1.6 mgNE
ol%hell Hlsto] HIERI D= 1§(ErHEL )], HIE] Ci= 3
S(FHEE o] =, &4 Yl EnfEAsz)o] vlEk] B = 15(]
d2glo] =)o), BEpRl B,= 35(RHAH| o] 2, ¢ 3 BrtE
23x)o] FZLE ST I HBHAE 3% Al 100 g & 771
A g Agol FErAH ol 159 mg, & 168 mg X &
OFE AT 28 9 mg, 50| TEtAH 0] 383.8 mg, &4 167.4
mg 4 BEulEAZ 300.0 mgl 2 A EFZH(MFDS, 2022a)
Sh=AFY] 32 (Korean Industrial Standards, 2022)01| 4] A A| ¢t
71 242 70 mg 3 80 mg, 2 KL+ 350 mg)ol| 485}
W= ] A5 A LF SEEA kAL, AE-S Tt ol
=L 1FTo] F5E ATy LR RISHAE 3% A% 100 g & A
O gk gl A 0] 3. 0.04 g, $h50.07 g W EOfEAZ
0.08 g© &, A &3 A (MFDS, 2022a) 2 3F=+4F¢] % 2+(Korean
Industrial Standards, 2022))| 4] AJA|3F 7] &5 2.5 g)ofl &
81912 1) 350] mE FEE7 goteh. ol4re] A
3% AEY 100 g F FFES U e AHEETA
(MFDS, 2022a)} gt=-AF] 3 72(Korean Industrial Standards,
2022)] 0= 717} vl HEQE A} FHAE| 0] A= 552 G4
dE(chd, BlEl C, vlEH B,, HIEHI B, ZHg)°l, ehd-2
3%0] QB (A, vletyl C, H[EFY B,)o], EHtE A=
450 JY/dE (kM el D, HlERl C, BIEHY B,)o] &
ZE Gk 3, werheo] S8 IR XS 3F (MY YU &
3] Aol FUR A 220 AR o3t A RSl Tk
o] FHEe] A autet Hew E72f PR Aol &
of ot FgFolet wetE Sict.

wr o] B8 LS4 E 3% AlE- B Bl AP Al
FolojA o] YYEALS AT E BHoZ ANE AE g
Wt Tre B SHEE UEhTh mebd, 1 RskiE
3% AL AEFH(MEDS, 20222)7 34 112 (Korean
Industrial Standards, 2022)o]| 4] A| At 115 215HA1=2] AY
A Al et 7| E(EAE) o Aot ol 22 A=
o] 28 PGS E 3T A2 F EYH 71D A
2] B AF A Y] 59 JeFolet TetE ek

o] o] o] -8 1 HSAIEY] 24, Y4 ¢
A2 /ol tiet AaE AE5 4 (MFDS, 2022a)9] 1153

+F 7|TrA ol A-8oklE o aLg 7SHA 3 3F] Al

a}4)

it
2

B o

=4 24 153 3
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Table 1. Standard specification and results on physical, nutritional and sanitary properties of hamburger steak, wantang soup and tomato
soup with bigeye tuna Thunnus obesus for senior-friendly foods

Specification’ Judgment?
Property Standard Product Result m

Hamburg steak  298.9+8.5%

Hardness (x1.0° N/m?) Wonton soup

Physical

. . Tomato soup
Viscosity (mPa-s) >1,500 >1,500

Hamburger steak

Protein (g) 26 =6

Tomato soup

Hamburger steak

A(ugRAE) =270 >75 Wantang soup

Tomato soup

Hamburger steak

D (ug) 215 215 Wantang soup

Proximate Tomato soup
composition Hamburger steak

Vitamin C (mg) 210 210 Wantang soup

Tomato soup

Hamburger steak

Nutritional B, (mg) >0.14 >0.15

B, (mgNE) 214 21.6
Tomato soup

Hamburger steak

Ca (mg) 270 280

Tomato sou

Mineral
Hamburger steak

K (mg) >350 >350 Wantang soup

Tomato soup

Hamburger steak

Dietary fiber (g) 225 225 Wantang soup

C

Tomato soup 0.08 U
Sanitary  Escherichia coli (non-sterilized product) n=5, ¢=0, m=0 All products Undetected
Viscosity should be applied in liquid products with hardness of 20,000 N/m? or less. 2P, Pass; U, Unpass; ND, Not detected. *Different let-
ters on the data in the column indicate a significantly different at P<0.05. MFDS, Ministry of Food and Drug Safety; KS, Korean Industrial
Standards.

v
o

35191 a1, Ak 3% (Korean Industrial Standards, 2022)2] =L &8 32 M=o nHERISIMECZ N 7|Et EAM

Sl 1|2, guhe oo M 4 gl 2u2, Ent
EALE 82 A 4 Qs 399 nRsEoR B

29l

328 E 3% AB( 20|, e %
b 232)0] 100 g T UNHYE T, ofu] 4 2 G5 Table



NP EE =
20} ek G RIBHAE 35 A9 100 g G AWM e
sHo| gHfAHo]H 66.2 g, U8 79.6 g H EUFEAS 783

g, ZEh o] Gt ielo] =L 138 g W 117 g L EAbEAT

9.7 g, ZAHo] SHEtAE|O|A 11.6 g, ¢& 42 ¢ W EnfEXS
Z39g, E]-.— | getago)la16g U 12g W BEnfEAS
0.7 g, B<r3lzo] gutAg o] 6.8 g, &9 3.3 g W EnfEA

74 g0 AE 7ol AU ol $-0)2 el 2po)7} 2l
A E|QITHP<0.05). o] e} 2o M NSHAE 3% A E 7ho] U
WA E Sk Aol = A= 9] 28] e W H7leFe} 2|o] wj&o]
o gheks| 9k, o)4ke] mYREHA %3 Az lukg s 3

ol thgt AT u] o] Wol &Y FARL FhukAE o]
9] AL Zhzl W 2wl Q}El—_,] 751 Zohz] EulEA

9] 5% 2uA 9SS EE BaEdlch 1

H 2B
3% AE9] 100 g F oY RA|= ekAsE o] 2 189.8 keal, -
100.4 kcal ¥ EofEA

105.1 kealo| $ic}. o]} 2+ a1gd %
SHAE 35 Al oUA| = =R AEAE(MOHW, 2020)
oA AR 65-744)19] ol q A F 834 (A 2,000 keal 2
o]} 1,600 keal)o]| B]&}o] et glo] 9] H-L- HAdo] 9.5%,

o
o401 11.9%] S BH, 2] 39 4ol 5.0%, o 4ol

dhagol /15 A% 369
6.3%01 skl o], EobE 2o 59 o] 53%, of 4
o] 6.6%0] ST, DY A 35 AE 10053 A

SRS SHErAEH|0] 0.8 g, 0.6 g W EOFEA (0.5 go| 3]

T, ARG 3185 1 2 BFAIZ 0] A Park et al. (2022)=
B3 gukEjo] a9} Slo| EAR Y Gl 0.6 g W Bho|EX
5 1.0 goll v15te] SABHITE. o] Bt HARA|R(MOHW,
2016)0l14] AIAI g 65-74419] A1 19 FHAAT( 3.81
g)°ll B15}e] 217} 21.0%, 15.7% 2 13.1%0] seshaict. net
A, o5 MYABFAE 3% AB-L A9 Ao sto] 27
S5 21 oh ek ghkE ek,

HAEM(S0t0| =it 2 X[

o] &% jﬁxﬁ} 135 3% A2 100 g Bef Foln]
LA S 2702 Table 33} o). A J3FAE 35 AlE9)
100 g F ofu|icAl F9l5ke Z47F gkAgo]3 12.67 g, ¢

1136 g W EufEAA 19.86 go] lth g WS E 35 A
#1005 2407k 0 olel 20 ofo k2 Pk se]o)
39} &ero] 7-2- leucine (8.2% Y 8.3%), aspartic acid (X7

9.1%), glutamic acid (17.0% % 15.1%)2} 242 3502 54

Table 2. Proximate composition, salinity and energy of hamburger steak, wantang soup and tomato soup with bigeye tuna Thunnus obesus

for senior-friendly foods

Proximate composition (g/100 g) Salinity Energy
Product X - — )
Moisture  Crude protein  Crude lipid Ash Carbohydrate' ~ (9/100g)  (kcal/100 g)
Hamburger steak 66.2+0.9%3 13.81£0.12 11.6+1.4° 1.6+0.0° 6.8 0.8£0.0¢ 189.8
Wantang soup 79.6+£1.3° 11.740.1¢ 4.2+0.6° 1.240.0° 3.3 0.6+0.0° 100.4
Tomato soup 78.3+1.42 9.7+0.1° 3.9+0.12 0.7+0.1° 7.4 0.5+0.02 105.1

!Carbohydrate (%)=100-(moisture+crude proteintcrude lipid+ash). *Energy (kcal/100 g)=(Crude proteinx4.22)+(Crude lipidx9.41)+(Carb
ohydratex3.87). *Different letters on the data in the column indicate a significantly different at P<0.05.

Table 3. Total amino acid contents and composition of hamburger steak, wantang soup and tomato soup with bigeye tuna Thunnus obesus

for senior-friendly foods

EAA! Product? (g/100 g) NEAA? Product (g/100 g)

Hamburger steak Wantang soup Tomato soup Hamburger steak Wantang soup Tomato soup
Threonine 0.60 (4.7) 0.57 (5.0) 0.98 (4.9)  Aspartic acid 1.15 (9.1) 1.04 (9.1) 1.96 (9.9)
Valine 0.67 (5.3) 0.59 (5.2) 1.09 (5.5)  Serine 0.55 (4.3) 0.52 (4.6) 0.85 (4.3)
Methionine 0.38 (3.0) 0.42 (3.7) 0.50 (2.5)  Glutamic acid 2.16 (17.0) 1.72 (15.1) 3.55 (17.9)
Isoleucine 0.67 (5.3) 0.63 (5.5) 1.08 (5.4)  Proline 0.60 (4.7) 0.45 (4.0) 0.87 (4.4)
Leucine 1.03 (8.2) 0.94 (8.3) 1.64 (8.3)  Glycine 0.67 (5.3) 0.57 (5.0) 0.94 (4.7)
Phenylalanine 0.65 (5.2) 0.59 (5.2) 1.02 (5.1)  Alanine 0.79 (6.2) 0.72 (6.3) 1.28 (6.4)
Histidine 0.58 (4.6) 0.47 (4.2) 0.91 (4.6)  Cystine 0.06 (0.5) 0.09 (0.8) 0.07 (0.4)
Lysine 0.97 (7.7) 0.86 (7.6) 1.58 (8.0)  Tyrosine 0.36 (2.8) 0.41 (3.6) 0.26 (1.3)
Arginine 0.78 (6.2) 0.77 (6.8) 1.28 (6.5)  Sub-total 6.34 (49.9) 5.52 (48.5) 9.78 (49.3)
Sub-total 6.33 (50.2) 5.84 (51.5) 10.08 (50.8) Total 12.67 (100.1)  11.36 (100.0) 19.86 (100.1)

'EAA, Essential amino acid. >The value of parenthesis means percentage of each amino acid content to total amino acid content. ’NEAA,

Non-essential amino acid.
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I AL, EutEAIZO] 42 Jeucine (8.3%), lysine (8.0%), as-
partic acid (9.9%) ¥ glutamic acid (17.9%)%} -2 450] 3]t}
T ABAIE 3% AZ0] 100 g o} Zolu| Al FFEke o)
HLAE 0] 2 6.33 g (50.2%), 95 5. 84 g (51.5%), EojE AT
10.08 g (50.8%)= 35-2] Xﬂ%"l L= ARk o)k 2|8l AL,
7} ofulieike] 240 2 n|52o] Ko} A IA|golv] Ak 7
2412 AA5H) glol EAIHA] SH- typophan A 2jghh
W 3% W5 methionine (2.5-3.7%)] ¢tk 3, 1211514
F 3% A2 100 gofl 7501 = =57 Al1AIR o] = Akl
lysine (Kowieska et al., 2011; Tomicic¢ et al., 2022) gHakA
o)1= 0.97 g (7.7%), 2+ 0.86 g (7.6%) I EOFEAL 158

g (8.0%) 2.5 L oF 8% s Fdlo] HHE FAOE =11
o] WA i T4 2 A e ek ofoFa

Q1 Aol A AFs] o) 7} 9l Aol

ool 28 I XSHAE 35 Al 100 g G A4 g
i} /32> Table 49} 2o, 1 H3HAE 35 A59] 100 g
AHPAL & GFgl Stk AE 0171 16.8 g, 4E0] 42 g, ENE
232713.9 go| et AL FBFAE O] A Hbak 242 FHFAH| o]
=19] 79 i-QllAbo] 56.3% (8,446.4 mg)= 7H =9kl the
o7 Z|NAK22.2%, 3,341.6 mg) Y E3}AH21.4%, 3,224.5
mg)9] =o|glom, o] 9 Mindllito] 43.1% (1,600.5
mg)E 7} =3k, the-0 & 2351AR] 39.9% (1,479.5 mg) W
Z 2| AAK(17.1%, 633.5 mg) 2] &=0]9lon, EulE AL O] A
W egllato] 52.5% (1,750.7 mg)& 714 =9k, the o g ﬂ}

£H(28.5%, 952.1 mg) & Z2]A14K(19.0%, 635.5 mg)2] <=0] %
o} =kl 24 fﬂeﬂ@z} 15 3% A& 100g%¢3 A
AL fsmMEno]zu 216:0(1,994.8 mg & 13.3%), 18:1n-
9 (8,092.7 mg % 53.9%), 18:2n-6 (2,286.8 mg 2 15.2%)3}
7 3%0]9laL, 2] A2 16:0 (853.5 mg 123.0%), 18:0
(587.5 mg, 15.8%), 18:1n-9 (1,526.0 mg & 41.1%), 18:2n-6

(451.5mg 2 12. 2%)9} Zo 4%Zo]9lon EufEAIO A
16:0 (583.0 mg @ 17.4%), 18:1n-9 (1,674.9 mg = 50.2%),
18:2n-6 (602.6 mg % 18.1%)2} 72 350l wheta], 1
BRSAE 3% AF 7S] F8 AL TR 35 Tholl Aol
7F gl o), 31(3,383.3-15,012.5 ¢/100 )7} A]1(3.9-16.8
g/l()() g)_o,] =R ;‘(}0]7]_ oloh;} o]g]-7¥o] A= §].A1 3.4_ xﬂ

710} 8. A4k 24000 Ao]7} gl AL 2URe eriek
o) 2912) 3ol 717] algelet Feragic
Astg

A1Z3 A (MFDS, 2022a)3} k=AY #55(Korean Industrial
Standards, 2022)o)| A& 11 2154 %— 2] AE AF
U 2355 57| 915k N'\‘j‘—‘] =& AU 23} &
ofgt oyt Fe7} He g A, YFE= 245t
o] Az 9 74 AER Hofshi olrk. ol DA ket
o] -8 T ABHAIE 3% A EO] 4A5HE-S Al Avks
Table 59} 2tk T ABHAE 35 A Ee] 28182 gt

0]= 90.2%, ¢ 91 3% U EOfEA 9] 1%, 359| A=

Table 4. Fatty acid contents and compositions of hamburger steak, wantang soup and tomato soup with bigeye tuna Thunnus obesus for

senior-friendly foods

Faﬁy Product (mg/100 g) Fatty acid Product (mg/100 g)

acid Hamburger steak Wantang soup  Tomato soup Hamburger steak Wantang soup  Tomato soup
12:0 95.9 (0.6) 21.0 (0.6) 429 (1.3) Monoenoic  8,446.4 (56.3) 1,600.5 (43.1) 1,750.7 (52.5)
13:0 5 (tr)! -2 0.2 (tr) 18:2n-6 2,286.8 (15.2) 4515 (12.2) 602.6 (18.1)
14:0 313.0 (2.1) 17.5 (0.5) 78.8 (2.4) 18:3n-6 113.9 (0.8) 10.5 (0.3) -

15:0 252 (0.2) - 5.6 (0.2) 18:3n-3 873.7 (5.8) 136.5 (3.7) 17.5 (0.5)
16:0 1,994.8 (13.3) 853.5(23.0) 583.0 (17.4) 20:2 19.2 (0.1) - 0.4 (tr)
17:0 32.2 (0.2) - 12.4 (0.4) 20:3n-6 - - 0.8 (tr)
18:0 592.6 (3.9) 587.5 (15.8) 198.7 (6.0) 20:3n-3 - - -

20:0 157.1 (1.0) - 28.2 (0.8) 20:4n-6 3.4 (tr) - -

22:0 11.2 (0.1) - 2.3 (tr) 22:2 1.1 (tr) - 2 (tr)
Saturated  3,224.5 (21.4) 1,479.5(39.9) 9521 (28.5)  20:5n-3 7.1 (tr) 0(0.2) 5(0.1)
14:1n-5 19.1 (0.1) - 6.2 (0.2) 22:6n-3 36.4 (0.2) 28.0 (0 7) 11.5 (0.3)
16:1n-7 130.3 (0.9) 455 (1.2) 59.0 (1.8) Polyenoic 3,341.6 (22.2) 633.5 (17.1)  635.5 (19.0)
18:1n-9 8,002.7 (53.9) 1,526.0 (41.1) 1,674.9 (50.2) n-6 2,412.2 (16.0) 462.0 (12.5)  603.4 (18.1)
20:1n-9 191.5 (1.3) 21.0 (0.6) 10.4 (0.3) n-3 908.9 (6.0) 171.5 (4.7) 31.5(0.9)
22:1n-9 1(0.1) 0(0.2) 0.2 (tr) TFA? 15,012.5 (99.9) 3,713.5 (100.1) 3,338.3 (100.0)
24:1n-9 3.7 (tr) - - TL(g/100 g)* 16.8 (89.4) 2 (88.4) 9 (85.6)

ITrace, Less than 0.2 mg/100 g. 2-, Not detected. 3TFA, Total fatty acid. “TL, Total lipid contents (g) of samples (100 g).
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Table 5. Digestibility of hamburger steak, wantang soup and toma-
to soup with bigeye tuna Thunnus obesus for senior-friendly foods

Product Digestibility (%)
Hamburger steak 90.2+1.5%
Wantang soup 91.3+0.62
Tomato soup 91.1+0.92

'Different letters on the data in the column indicate a significantly
different at P<0.05.

o] I 90% oS AHA|5to] s e akgolgict. o
o o] AT E 35 AFo] W A518o] & AL
chegdo] 2ol uhafste] Yr 2 AMESFE I (Hur et al., 2012;
Boland, 2015), o157} FEje4 o= SA4kE 5ol Hlsto] 2%
£:2] 9] gfo] Ao 0] ¢19F5}H (Kim and Kang, 2021),
sfad S fzol WEA EaljE 7] wizolet HetE et
(Sato and Takagi, 2017). 0]} 22 A51-8-2] A2 0] Fo| &
of =i o] &8 A RSHAE 3F Al aLg qlEe] AdFst
W wf ax3fof]l it -l gl& Ao = whE ok

lo
¢

Al AL

1 gl FYpAIEL(R2023055)2) #1910] ]3] 23]
iUt

References

Aberoumand A and Fazeli A. 2019. Comparison of analysis
and the nutritional value of fresh common carp, frozen and
southern canned tuna. Potr S J F Sci 13, 593-597. https://doi.
org/10.5219/1143.

American Oil Chemists' Society (AOCS). 1990. AOCS Official
Method Ce 1b-89 (4th Ed). AOCS, Champaign, IL, U.S.A.

Association of Official Analytical Chemists (AOAC). 2000. Of-
ficial Methods of Analysis (17th Ed). Association of Official
Analytical Chemists, Washington D.C., U.S.A.

Bligh EG and Dyer W1J. 1959. A rapid method of total lipid ex-
traction and purification. Can J Biochem Physiol 37, 911-
917. https://doi.org/10.1139/059-099.

Boland M. 2015. Human digestion-a processing perspective.
J Sci Food Agric 96, 2275-2283. https://doi.org/10.1002/
jsfa.7601.

Chen GY, Chen YT, Chen KS, Hsu GG, Liu LL, Chen HS and
Chen MH. 2018. Arsenic and five metal concentrations in
the muscle tissue of big eye tuna (Thunnus obesus) in the
Atlantic and Indian Oceans. Mar Pollut Bull 129, 186-193.
https://doi.org/10.1016/j.marpolbul.2018.02.028.

FAO (Food and Agriculture Organization of the United Nations).
2017. Anoverview of the global tuna market. In: Globefish:
Information and Analysis on Markets and Trade of Fisher-
ies and Aquaculture Products. Retrieved from http://www.

fao.org/in-action/globefish /fishery- information/resource-
detail/en/c/880744/ on May 10, 2023.

Ganjavi M, Ezzatpanah H, Givianrad MH and Shams A. 2010.
Effect of canned tuna fish processing steps on lead and cad-
mium contents of Iranian tuna fish. Food Chem 118, 525-
528. https://doi.org/10.1016/j.foodchem.2009.05.018.

Garcia-Arias MT, Navarro MP and Garcia-Linares MC. 2004.
Effects of different thermal treatments and storage on the
proximate composition and protein quality in canned tuna.
Arch Latinoam Nutr 54, 112-119.

Hettiarachchi HSA, Radampola K and Cyril HW. 2015. Proxi-
mate composition and caicium content of Thunnus obesus
(big eye tuna) processing wastes. In: 2" International Con-
ference on Fisheries and Aquaculture 2015. ICFA Press, Co-
lombo, Sri Lanka, 21.

Heu MS, Lee TS, Kim HS, Jee SJ, Lee JH, Kim HJ, Yoon
MS, Park SH and Kim JS. 2008. Food component char-
acteristics of tang from conger eel by-products. J Korean
Soc Food Sci Nutr 37, 477-484. https://doi.org/10.3746/
jkfn.2008.37.4.477.

Hur SJ, Lee SK, Kim YC and Choi IW. 2012. Development of
in vitro human digestion models for health functional food
research. Food Sci Ind 45, 40-49. https://doi.org/10.23093/
FSI1.2012.45.4.40.

Hur SJ, Lee SY and Lee SJ. 2015. Effect of biopolymer en-
capsulation on the digestibility of lipid and cholesterol
oxidation products in beef during in vitro human digestion.
Food Chem 166, 254-260. https://doi.org/10.1016/j.food
chem.2014.06.009.

Kang HW, Shim KB, Cho YJ, Kang DY, Cho KC, Kim JH and
Park KJ. 2010. Biochemical composition of the wild and
cultured yellow croaker (Larimichthys polyactis) in Korea.
Korean J Fish Aquat Sci 43, 18-24. https://doi.org/10.5657/
kfas.2010.43.1.018.

Kim HJ, Kim MJ, Kim KH, Ji SJ, Lim KH, Park KH, Shin JH,
Heu MS and Kim JS. 2012. Preparation and characteriza-
tion of canned skipjack tuna Katsuwonus pelamis as a health
Food. Korean J Fish Aquat Sci 45, 215-22. https://doi.
org/10.5657/KFAS.2012.0215.

Kim JS and Kang SI. 2021. Fisheries Processing for Practitioner.
Soohak Publishing Co., Seoul, Korea.

Kim JS, Kim HS and Heu MS. 2006. Introductory Foods. Hyoil
Publsihing Co., Seoul, Korea, 46.

Kim KH. 2014. Concentration and risk assessment of heavy
metal in mainly consumed fishes. M.S. Thesis, Gyeongsang
National University, Tongyeong, Korea.

Kim Y. 2021. Sensory characteristics and drivers of prefer-
ence of low calorie oil and water packed canned tuna. Ko-
rean J Food Cook Sci 37, 449-455. https://doi.org/10.9724/
kfcs.2021.37.5.449.

Kowieska A, Lubowicki R and Jaskowska I. 2011. Chemical
composition and nutritional characteristics of several cereal



372 | - o|Au] . uf

grain. Acta Sci Pol Zootechnica 10, 37-50.

Korean Industrial Standards. 2022. Seniors Friendly Foods (KS
H 4897). Retrieved from https://standard.go.kr/KSCI/stan-
dardIntro/getStandardSearchView.do?menuld=919&topMe
nuld=502&upperMenuld=503&ksNo=KSH4897&tmprKs
No=KS H NEW 2017 1067&reformNo=02 on May 10.

KOSIS (Korea Statistical Information Service). 2022. Statisti-
cal Database. Retrieved from http://kosis.kr/statisticsList/
statisticsListIndex.do?menuld=M_01 01&vwcd=MT
ZTITLE&parmTabld=M 01 01 on Mar 11.

Lee YJ and Yoon WB. 2019. Characterization of quality changes
of whole super sweet corn (Zea mays saccharata Sturt.) dur-
ing thermal sterilization for shelf-stable products. J Appl Biol
Chem 62, 25-30. https://doi.org/10.3839/jabc.2019.005.

Mahalakshmi M, Balakrishnan S, Indira K and Srinivasan M.
2012. Characteristic levels of heavy metals in canned tuna
fish. J Toxicol Environ Health Sci 4, 43-45. https://doi.
org/10.5897/JTEHS11.079.

MFDS (Ministry of Food and Drug Safety). 2022a. 2. Common
Standard and Specification for General Foods. Retrieved
from  http://www.foodsafetykorea.go.kr/foodcode/01_02.
jsp?idx=5 on Feb 4.

MFDS (Ministry of Food and Drug Safety). 2022b. General
analytical method (Salinity, Mineral, Vitamin A, Vitamin B2,
Vitamin B3, Vitamin C and Vitamin D, Dietary fiber, E. coli).
In: Food Code. Chapter 8. Retrieved from https://www.food-
safetykorea.go.kr/foodcode/01_01.jsp on Feb 4, 2023.

MOHW (Ministry of Health and Welfare). 2016. Dietary Refer-
ence Intakes for Koreans 2015. The Korean Nutrition Soci-
ety, Seoul, Korea, 157-218.

MOHW (Ministry of Health and Welfare). 2020. Dietary Refer-
ence Intakes for Koreans 2020. The Korean Nutrition Soci-
ety, Seoul, Korea, 5-18.

Park SY, Kang SI, Cho HJ, Kim PH and Kim JS. 2022. De-
velopment and quality characteristics of superheated steam
roasted small yellow croaker Larimichthys polyactis, sweet
potato salad and tomato mousse for senior-friendly sea-
food. Korean J Fish Aquat Sci 55, 645-654. https://doi.
org/10.5657/KFAS.2022.0645.

Peng S, Chen C, Shi Z and Wang L. 2013. Amino acid and fatty
acid composition of the muscle tissue of yellow fin tuna
(Thunnus albacres) and bigeye tuna (Thunnus obesus). J
Food Nutr Res 1, 42-45. https://doi.org/10.12691/jfnr-1-4-2.

Pertiwi LA, Susilo and Abdilah NA. 2021. Microbiological and
formaline test on the big eye tuna (Thunnus obesus Lowe,
1839) from fish auction place (TPI) and moving fish trader
(PIK) in panimbang pandeglang village banten. Biological
Environ Pollut 1, 38-45. https://doi.org/10.31763/bioenvipo.
v1il.391.

Rahmani J, Miri A, Mohseni bandpei A, Fakhri Y, Bjorklund
G, Keramati H, Moradi B, Amanidaz N, Shariatifar N and
Khanehan AM. 2018. Contamination and prevalenc of his-

tamine in canned tuna from iran: A systematic review, meta-
analysis, and health risk assessment. J Food Prot 12, 2019-
2027. https://doi.org/10.4315/0362-028X.JFP-18-301.

RDA (Rural Development Administration). 2016. 9th Version
Food Composition Table I, II. Hyoil Publishing Co., Seoul,
Korea, 17.

Rossi S, Lee C, Ellis PC and Pivarnik LF. 2002. Biogenic
amines formarion in bigeye tuna steaks and whole skip-
jack tuna. Food Chem Toxicol 67, 2056-2060. https://doi.
org/10.1111/.1365-2621.2002.tb09500.x.

Sato T and Takagi T. 2017. Proteolytic properties of crude ex-
tracts from internal organs in the Japanese anchovy (En-
graulis japonicus). J Fac Hum Life Stud 4, 69-72.

Sun J, Wang QJ, Huang J, Hou YD, Chen YF and Su XR. 2013.
Influence of heating temperature on the development of
volatile compounds in bigeye tuna meat (Thunnus obesus)
as assessed by E-nose and SPME-GC/MS. Int Food Res J
20, 3077-3083.

Tomi&i¢ ZM, Pezo LL, Spasevski NJ, Lazarevié¢ M, Cabarkapa
IS and Tomici¢ RM. 2022. Diversity of amino acids com-
position in cereals. Food Feed Res 49, 11-22. https://doi.
org/10.5937/1r49-34322.

Wang XY and Jing X. 2019. Evaluation of water dynamics and
protein changes in bigeye tuna (Thunnus obesus) during
cold storage. LWT 108, 289-286. https://doi.org/10.1016/].
Iwt.2019.03.076.

Xie D, Miller E, Sharpe P, Jackson E and Zhu Q. 2016. Omega-3
production by fermentation of Yarrowia lipolytica: From
fed-batch to continuous. Biotechnol Bioeng 114, 798-812.
https://doi.org/10.1002/bit.26216.



