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Abstract

This study was performed to improve awareness of mudfish and develop tteokgalbi supplemented with mudfish suit-
able for young ages. Tteokgalbi was produced with flour-starch (control), rice paste was replaced with wheat
flour-starch, and mudfish paste was substituted with 5, 10, and 15% of meat and tallow. No differences were found
in the moisture content, pH, and Brix of all samples supplemented with rice and mudfish paste. The samples sup-
plemented with rice and mudfish pastes had reduced cooking loss rates compared to the control. The samples sup-
plemented with rice and mudfish pastes increased in both a and b values but decreased in L values compared to
the control. The hardness and adhesiveness of the control were higher than in other samples. The adhesiveness of
the samples was reduced with an increase in quantities of mudfish pastes. The overall acceptability of samples sup-
plemented with rice and mudfish pastes was better than that of the control, and the proper quantity for substituting
mudfish paste appears to be 10%. The unique flavor and taste of mudfish did not affect the sensory evaluation and
did not distinguish even in the principal component analysis using an electronic nose. Finally, the mudfish paste was
confirmed as a good ingredient for enhancing consumer acceptability in manufacturing tteokgalbi.
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Table 1. Formular for the experimental pork tteokgalbi supplemented with rice and mudfish pastes

Components

Composition (%)
Control MFO0 MFS5 MF10 MF15

Pork leg
Tallow (cow fat)
Mudfish paste

Green onion, Onion, Garlic, Ginger, Sugar, Soy-sauce, Corn-syrup, Rice wine,

59.93 59.93 56.93 53.94 50.94

Sesame oil, Natural caramel, Roasted sesame seeds, Salt, Black pepper, Laurel leaves

Wheat flour-Potato starch
Rice paste (rice flour)
Total sum

14.98 14.98 14.23 13.48 12.73

- - 3.75 7.49 11.24

2343 23.43 23.43 23.43 23.43
1.66 - - - -

- 1.66 1.66 1.66 1.66

100.00 100.00  100.00 100.00  100.00
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Table 2. Approximate compositions of uncooked tteokgalbi supplement with rice and mudfish pastes

Components MFO0 MFS5 MF10 MF15
Protein (%) 13.0£0.37° 12.9+0.36° 12.1£1.10* 13.0£0.32°
Fat (%) 21.0£1.92%® 20.0+0.92* 21.6£0.53° 20.7+0.51%®
Carbohydrate including sugars (%) 9.98+1.01° 10.8+0.81° 9.20+0.83* 9.98+0.67*
Ash (%) 1.19+0.02° 1.25+0.00° 1.13+0.06* 1.16£0.00™
Table 3. Changes in physicochemical characteristics of tteokgalbi supplement with rice and mudfish pastes
Control MFO0 MF5 MF10 MF15
pH 5.84+0.06° 5.79+0.03* 5.88+0.01¢ 5.78+0.03° 5.82+0.02°
Sugar content (Brix) 13.7£0.54 13.8+£0.59 13.3£0.27 13.7+£0.50 13.6£0.49
Uncooked Weight (g) 12142.00° 1214£2.35° 122+0.87* 1234+2.67° 124+0.99°
Diameter (mm) 96.3+1.48° 102+1.26° 102+1.76° 103£1.95° 102+1.49°
Thickness (mm) 14.4+0.49* 16.2+0.43° 16.6+0.56° 17.0+£0.31¢ 16.9+0.60°
Water (%) 55.3+1.78 54.9£1.72 55.0+1.96 55.9+1.65 56.5+1.85
pH 6.18+0.02° 6.11£0.00* 6.18+0.01° 6.08+0.01* 6.09+0.02°
Sugar content (Brix) 10.5+£0.09 10.7+0.32 10.8+0.86 10.5£0.50 10.9+0.52
Cooked Weight (g) 91.2+2.00¢ 72.3+1.05° 71.2+0.92" 70.4+1.38% 68.5+2.16*
Diameter (mm) 84.8+2.64 80.7+£2.16 81.5+1.87 82.5+2.61 82.6+2.73
Thickness (mm) 17.6+£0.36° 15.1+£0.30* 15.2+0.39* 15.4+0.57* 15.240.23*
Water (%) 49.1+£2.95 48.6+4.31 48.9+4.17 48.2+1.01 48.4+2.93
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Table 4. Reduction rates of weight, diameter, thickness, and water content in tteokgalbi supplement with rice and mudfish pastes

Control MFO0 MF5 MF10 MF15
Weight (%) 24.6+0.41* 40.3+0.29° 41.4+0.34° 42.6+0.12¢ 44.6+1.31°
Diameter (%) 12.0£1.39* 20.9+1.14¢ 19.6+0.45" 20.4+1.02 19.0+1.49°
Thickness (%) 2171717 6.67+0.63° 8.34+0.76° 9.63£1.72° 9.55+1.85°
Water content (%) 11.242.47 11.4+5.09 11.0+4.42 13.9+0.72 14.3+£2.38
Table 5. Color characteristics of cooked tteokgalbi supplement with rice and mudfish pastes
Control MFO0 MF5 MF10 MF15
L (lightness) 52.8+1.56° 45.9+2.49* 45.5+£1.43* 44.8+2.06" 46.1+£2.09*
a (redness) 3.60+0.72° 5.09+0.83° 4.95+0.99° 5.00+0.85° 4.97+0.88°
b (yellowness) 7.74+2.53° 12.7+0.81° 12.6+1.45° 12.6£1.19° 12.8+2.03°
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3 9lt} &3 A (cohesiveness), 7 A (gumminess), 3 A
(chewiness)oll Al tZ&+7} u]xﬂfsm] o ASS Holy 9
o1} Fof ﬂ‘ﬂﬂié A1l whe felH Aol 9

S WAL A8 T o8 WL )
@ Hz *18411:} mo AEE Ehls olfE Wit
Fol A5 4 o] sk 2R olstel Tgo] hH
t neY, o 2 QA 7] %‘—%“éﬂ]

=
[€)
o

ke
/\};qugi =

= e
FE F & AxE 7HA Hoe o
Azkel AABFATHChoi et al., 2007). Lz o g OH]W
4] A HRE Aoy R, 98 59
A, A7HE S5, 7FEEH 2 25, AFxd 5 ohdst
2HE 9L wom(Song et al., 2000; Moon et al.,
2001), 53] AW o] ES+5E HErt HolAle P
o] Atz Y#A UtH(Young et al., 1991). & Ao A
Y7FE-AES A7FEE OA S MFO, =53 S5 tiAl
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2] & Yz Alg 7R FEsellA oA Ql 2t fl=
Aoz IR} Fof Fo|=E9] FH7teFo] %—7}@01]
wet G4e] Alge] 7taEe] Frkehe ol e X
2 & Hzn]ol Folgl= Aot °§5&Hﬂ'—\: HAIVEE
FE7HF FE7L obd Ho]AE FE R ARE-SE Ao]
= & Jo® JAEHAY. o3 A SAF By
S A= 2 ol4dF(Choi et al., 2010), ThA| v} BF
(Oh & Lim, 2011), =& ©]9 #Ho]X~E(Hwang et al.,

1998y #7tgk 7ol ARV HE ] A =7t Yozt
= A7 Aol A TE ey w7k a5 D (Park et
al,, 2020), =3 Az}tel E(Jeong & Kim, 2016), LFH|
I (Kim et al, 2016y H7Fe GzvloA HrieFo] 3
74gtel wet A=7F FUetAtke Adelhe e doh
wE Wan e Bzl SRAS whyk ) A7}
et ZAEtvhe Aol fAEIAIRE =3 Al
ojuf AFH o] HIbo| gt Wiyt fivke Balshs

==
FE e

Ol%ff} 2ok ol 5 A7HEE oA
o]g3le] ol H7
ok A NEEE A, F
I, e, B, 2e)m AAAR A5 dstel 24}
SHATKTable 7). Hu]e] Mol Ui Hrh= djzTef 2
9lo] Wz A ZE TEIE AFE BojFEy Qt} o
Avhs Awe] Aot fAkgE A wolx glon iz
ol vlste] WrE-HAELS AVpER hA|StaL Fol7}
FH ZE AR fFoHoR 1o FAE HAFA 9

o} 2o ggule) Fnje|qE el Fole Wil

o

gt Fof Ho]RES] HIbel wE MFS, MF10, MF15 o] #AIglo] BE AlEZlA F2lZ <l ztol7t gl ot
of e Wb FFe BUA Axsom L2 ORHINE BRIl Y Re Bk ) vy
Table 6. Texture properties of cooked tteokgalbi supplement with rice and mudfish pastes
Control MFO0 MF5 MF10 MF15
Hardness (g) 6,049+559¢ 5,286+285° 4,837+£389% 4,466+592° 4,391+407*
Adhesiveness (g-s) -20.9+8.39¢ -47.249.94¢ -60.0£15.4% -77.9£30.1% -84.8+35.1°
Springiness 0.853+0.04 0.858+0.06 0.845+0.05 0.844+0.05 0.876+0.06
Cohesiveness 0.617+0.03" 0.572+0.05® 0.565+0.04* 0.564+0.05* 0.645+0.04°
Gumminess 3,786+368° 3,073+306° 2,733+£373% 2,610+422° 3,085+275°
Chewiness 3,293+£373¢ 2,978+292 2,442+322° 2,324+402° 2,838+205°
Table 7. Sensory properties of cooked tteokgalbi supplement with rice and mudfish pastes
Control MFO0 MF5 MF10 MF15
Color 3.78+0.67° 4.67+0.50° 4.56+0.73° 4.78+0.83° 4.78+0.83°
Flavor 4.67+1.12 4.89+0.93 4.89+0.93 4.89+0.78 4.78+0.44
Tenderness 2.78+0.44% 4.67+0.87" 4.2240.83° 5.22+0.83¢ 5.11£1.05"
Juiciness 4.00+0.87% 4.89+0.60° 5.00+0.87° 5.22+0.83° 5.11+0.78°
Overall acceptability 3.00+0.50° 4.67+0.87" 4.2240.83° 5.33+0.87¢ 5.11£0.78"
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A AA 7Y A Sf-2] gk AR Qlete] Akl 7%
b e ZA7E A THKim, 2010) FoE e H7
Hlo A= Fol7h H7HE A e tixT B MFOst f-2]4]
A Zol7k fle Aom HriEdeh. B o] Awdl tigh
W7he 2ok o 99 v AR FEEHE AdE
B3 Rt ol 2AF M A7NEE o] &L F

of 7Kgl Z7kel mek Amst FAgo] el
H549) Asjsh AP OM DGR} Y e FoH
52 Wtk ANA JEEE YR ARE AT 1
EP7E I e AEE B W AR ARG At
= gAlsta Fol ol 2E} BRI SATHE 10%E
PAT MFI09IA 7HE 2e A4S it o147 o
Tt H7KE Wgulo) ek A7k AW Hol gl
¥ UR AR WFRE A TPsson] ) e}
AW Eel gt WAlvE PEEA gk wau g el
of FF el e) FESA D dAsE Az AL

o] 7kt = A

Z, ol& AVFEE tiAg

MFO0, 28] 3. FojgtEo] MF5, MF10, MF15Z th4
o= ZFule tigk F5A Bl KA 27t (il
o, whEbA] \EERR] ZA 7 A E5-2] gtk Wajel] oj st
OIX|JHE HAFE ©]&3F] PCA (principle component
analysis)S 33l th B4u] A Z3o] gk PCAIA A
IFAE(PCADZ A2FAE(PCA2)Y et HF&S 7tz

Ho|

55.675%%} 26.4%ZA F 82.075%9] T4 AHE&S

3o BHALE 042 FRIFATKFig. 1). EEAF
(discrimination index)= Al&E2] 7)o"l 7kl zo]E L}
Bl = AFEA, 2 gol 257YTE F|dEe] zpolrt
ZolA AL FFLTFE AXE Ag skl o (Lee et
al, 2016) ol=lgt A¥+= thxF°F MFO, MF5, MFI0,
MF15 A&tellA] 7o e o] zfol& QIAE] FEThe
AL ulsiditt. AARZE o]&3 F7)sHe] w4 A
Zhe] Wrrd kel A FolE MUt
g AlF7olA ) HES PCA B4 gz AIFAAE
(PCAL) FollA] o] WEFo g o]F3star dom ojgh ¥
Fol7b H7bdol wiet "due] $hRE Aol
sk A Aol e Ao E ATGHL =5 HE
oA A ghe] 7ol w2 &7)sH S PCA #4182
o] AFARE FollA Fo] WFO R o]F sl Aol U
SFATHKIm et al,, 2012). 38 2 Ajo|r Fof Hrrek
Huhs Q7H- RS ARSS 29 ol AVHRE o
A&k Al ETH(MFO0, MF5, MF10, MF15) Ale]ol &7]siE 9]
Zpolg BT 4= Q= whH FogEke] wE r|ujEio]
IR &= olfe E5H $XE A FoTEo
FHEHA FAU Fof Flo|2EE W= B oA AT
o &gk npa7] F ol 7]Qlske Ao E ATE ). o]
g Ads SAFEE HUH] wE AALE AR A
g1 ] ztol & gQlekA] kg Aot frAbstth
(Kang et al., 2012). thx9} Fo|gtgol] & Hzn] Al
29| 379 8l-S Radar plotS ©]-83F] EA3H A3, 37
Helo] 542 FAFSIAINE = Aol 7t

ethanol (alcoholic, ethanol, pungent, sweet &), propenal

=) -
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Fig. 1. PCA on fragrance composition of tteokgalbi supplemented with wheat flour-starch (control: H), rice (MF0; [J), and mudfish

pastes (MF5; O, MF10; A, MF15; ).
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(etheral, plastic, pungent, solvent &), 2-methylfuran (burnt,
chocolate, metallic, musty, solvent, sweet-gassy %), (Z,
Z)-3,6-nonadienal (fatty, soapy 3%F), 3-nonenal (cucumber
3F), 3,5-octadien-2-one (fatty, fruity, mushroom ¥)o =
1= At} ©]5 2-methylfurane D3] 2ol ]sle] M3lele=
burnt rubber, sweet, buttery, meaty-roast &3} ##Eo| c}
B AT (MacLeod & Ames, 1986). v| o2 =) 3}
(Z, Z)-3,6-nonadienal, 3-nonenal, 3,5-octadien-2-one *3
& TN A7LFE ARES HAH] A SZH(MF)l
ato] e s ARASkAL ATk ol A do] AHEH
2] A 5ol mialg g ow 7hd -z gk S F
ZA] 3= roasted ol 3 3= 2,3-dimethylpyrazine, 2-
ethyl-6-methylpyrazine % 2-ethyl-5-methylpyrazine| %]
A A EE FAT & A ATKGarcia-Lomillo et al.,
2016).
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AEE(5, 10, 15%)yS tASHATE AEE Hav)= 7ha-
Z8 T pH, 3=, M7t 555 9409 /M 540
Agtetant. 7FE RS glE&TelA 71 wekon Ak
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o] H7bge e FeHA Aole (AL 7HE-xE &
xTET 4] Ao BEE WolA i A Ee}
FAE = Z718IAA R Fo] FHo] 2E Q] ATl ihE f
o] &l Aol §lATh WaH] AJFd g TPA 23}, 7
T} RS dix2TolA 7P =2 kol glEeH
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_%_

2
N
—-

il

e & o we

1= Ne)
=

K2
>
BN
S

f
N

%
T
S =2

i ox

=
2 AAHor dolgnh Audel 7 sEE a2t 7}
4 e G5B e W Fof so|2ESt E4 $AY

Fl 10%E AT MF10914 7P & A5 Wit

Fo] Bfo] Fulsh Bhe oI R1s ehgtony
AAE o 8 IR BAAE He187] ofelsiet.
P ATE Fatel Wule] AxelN WAL AR &

5 WA QS GRS WA e WS e
X FF FUAG ) FESAF AAFE A W
W] 7hs sl Hit.

HAlel =

o] E=EE 20203 HelFol A POl 3] Ao <3
g om oo A=,

References

An SH, Park GS. 2012. Quality characteristics of pound cake
containing Angelica gigas NAKAI with various levels of rice
flour. Korean J. Food Cook. Sci. 28: 763-772.

ATFIS (AT Food information statistics system). 2020. Processed
food segment market status survey (processed meat products).
Korea Agro-Fisheries & Food Trade Co.

Benedini R, Raja V, Parolari G. 2008. Zinc-protoporphyrin IX
promoting activity in pork muscle. Food Sci. Technol. 41: 1160-
1166.

Choi GW, Lee JW. 2016. Effect of grape skin on physicochemical
and sensory characteristics of ground pork meat. Korean J. Food
Cook. Sci. 32: 290-298.

Choi YS, Choi JH, Han DJ, Kim HY, Lee MA, Jeong JY, Chung
HJ, Kim CJ. 2010. Effects of replacing pork back fat with
vegetable oils and rice bran fiber on the quality of reduced-fat
frankfurters. Meat Sci. 84: 557-563.

Choi YS, Choi JH, Han DJ, Kim HY, Lee MA, Kim HW, Jeong
JY, Pail HD, Kim CJ. 2008. Effect of adding levels of rice bran
fiber on the quality characteristics of ground pork product.
Korean J. Food Sci. Anim. Resour. 28: 319-326.

Choi YS, Jeon KH, Park JD, Sung JM, Seo DH, Ku SK, Oh NS,
Kim YB. 2015. Comparison of pork patty quality characteristics
with various binding agents. Korean J. Food Cook. Sci. 31: 588-
59s.

Choi YS, Lee MA, Jeong JY, Choi JH, Han DJ, Lee ES, Kim CJ.
2007. Effects of wheat fiber on the quality of meat batter.
Korean J. Food Sci. Anim. Resour. 27: 22-28.

Choo JJ, Shin MK, Kwon KS, Yoon GS. 2001. Recipe standard-
ization and nutrient analysis of local food of Cheollabuk-do
province (The second report). Korean J. Community Nutr. 6:
250-258.

Elzbieta Goérska-Horczyczak E, Guzek D, Moledai Z. Wojtasik-
Kalinowsak I, Brodowska M, Wierzbicka A. 2016. Applications
of electronic noses in meat analysis. Food Sci. Technol. 36:
389-395.

Food Safety Korea. Health & Nutritional information. Available
from: https://www.foodsafetykorea.go.kr/portal/healthyfoodlife/
foodnutrient/advancedSearch.do?menu_grp=MENU NEW03&
menu_no=2833. Accessed Apr. 05, 2021.

Garcia-Garcia E, Totosaus A. 2008. Low-fat sodium-reduced sau-
sages: Effect of the interaction between locust bean gum, potato
starch and k-carrageenan by a mixture design approach. Meat
Sci. 78: 406-413.

Garcia-Lomillo J, Gonzalez-SanJos¢ ML, Pino-Garcia R del,
Ortega-Heras M, Muiiiz-Rodriguez P. 2016. Effect of a new
natural seasoning on the formation of pyrazines in barbecued
beef patties. J. Chem. Vol. 2016 Article ID 1056201: 1-7.

Hu JE, Nam YH, Lee KA. 2006. Quality characteristics of sponge
cakes with wheat-rice composite flour. Korean J. Food Cook.



JN

196 A9 - 1 - YEE

Sci. 22: 923-929.

Hwang JK, Kim CT, Choi MJ, Kim, YJ. 1998. Quality changes of
meat patties by the addition of sea mustard paste, J. Korean
Soc. Food Sci. Nutr. 27: 477-481.

Jeong HG Kim HY. 2016. Development of tteokgalbi added with
pig skin gelatine powder. J. Korean Soc. Food Sci. Nutr. 45:
1147-1152.

Joo SY, Chung HJ. 2007. Effects of pectin and potato starch on
the quality characteristics of low-fat pork patties. Korean J.
Food Cook. Sci. 23: 824-831.

Joo SY, Seo DW, Choi HY. 2019. Quality characteristics of pork
patties added with soybean-curd residues. J. Korean Soc. Food
Sci. Nutr. 48: 260-267.

Jung DS, Choi JS, Park SH, Min JH, Choi YI. 2010. Comparison
of quality characteristics between Hanwoo added tteokgalbi and
market tteokgalbi products. Bull. Anim. Biotechnol. 3: 57-63.

Jung HO, Lee JJ. 2016. Quality and storage characteristics of pork
teokgalbi with added rosemary (Rosemarinus officinalis) extract
powder. Korean J. Community Living Sci. 27: 509-520.

Kang SM, Kim TS, Song YH, Kwon IK, Cho SH, Park BY, Lee
SK. 2012. Effect of addition level of green tea extract on the
lactic acid bacteria, oxidative stability, and aroma in kimchi-
fermented sausage. Korean J. Food Sci. Anim. Resour. 32: 467-
475.

Kim HS, Lee HK. 1985. Studies on the nutritional value of loach
Misgurnus mizolepis. J. Korean Soc. Food Sci. Nutr. 14: 296-
300.

Kim HW, Choi JH, Choi YS, Kim HY, Lee MA, Choi SM, Song
DH, Lee JW, Kim CJ. 2012. Effects of fat levels on changes in
flavor pattern of irradiated pork patties. Food Sci. Biotechnol.
21: 1771-1774.

Kim HY, Kim GW, Jeong HG. 2016. Development of tteokgalbi
added with red pepper seed powder. J. Korean Soc. Food Sci.
Nutr. 45: 255-260.

Kim IS, Jin SK, Hah KH, Lyou HJ, Park KH. 2005a. Physical
and sensory characteristics of Korean style meat products. J.
Anim. Sci. Technol. (Kor.) 47: 49-56.

Kim JN, Shin WS. 2009. Physical and sensory of chiffon cake
made with rice flour. Korean J. Food Sci. Technol. 41: 69-76.
Kim MW, Ahn MS, Lim YH. 2005b. Quality characteristics of
chicken patties with added mulberry leaves powder. Korean J.

Food Cook. Sci. 21: 459-465.

Kim YK. 2010. The influence of seafood education on students'
preferences and perceptions of seafood menu items provided by
school foodservice. Korean J. Food Cook. Sci. 26: 330-334.

Kim YS, Ha TY, Lee SH, Lee HY. 1997. Effect of rice bran
dietary fiber on flour rheology and quality of wet noodles.

AE - oY - A

Korean J. Food Sci. Technol. 29: 90-95.

Lee JH, Song GC, Lee KT. 2016. Quality differences of retorted
Samgyetangs as affected by FO-value levels. Korean J. Food
Preserv. 23: 848-858.

MacLeod G Ames JM. 1986. The effect of heat on beef aroma:
Comparisons of chemical composition and sensory properties.
Flavour Fragr. J. 1: 91-104.

Ministry of food and drug safety, 2018. Food Code. Cheongju,
Korea

Moon YH, Kim YK, Koh CW, Hyon JS, Jung IC. 2001. Effect of
aging period, cooking time and temperature on the textural and
sensory characteristics of boiled pork loin. J. Korean Soc. Food
Sci. Nutr. 30: 471-476.

Morin LA, Temelli F, McMullen L. 2002. Physical and sensory
characteristics of reduced-fat breakfast sausages formulated with
barley B-glucan. J. Food Sci. 67: 2391-2396.

Mun SI, Lee SJ, Ryu HS, Suh JS. 1999. Protein qualities of loach
as affected by cooking methods. J. Korean Soc. Food Sci. Nutr.
28: 145-152.

Na YR, Joo NM. 2012. Processing optimization and antioxidant
activity of sausage prepared with tomato powder. Korean J.
Food Cook. Sci. 28: 195-206.

Oh HK, Lim HS. 2011. Quality characteristics of the hamburger
patties with sea tangle (Laminaria japonica) powder and/or
cooked rice. Korean J. Food Sci. Anim. Resour. 31: 570-579.

Park EM, Kim IS, Park Sh, Lee JJ. 2020. Quality properties of
HMR-type pork tteokgalbi added with red chinese cabbage pow-
der during cold storage. Korean J. Community Living Sci. 31:
375-391.

Song HI, Moon GI, Moon YH, Jung IC. 2000. Quality and stor-
age stability of hamburger during low temperature storage.
Korean J. Food Anim. Resour. 20: 72-78.

Young LL, Garcia JM, Lillard HS, Lyon CE, Papa CM. 1991. Fat
content effects on yield, quality, and microbiological characteris-
tics of chicken patties. J. Food Sci. 56: 1527-1528.

Author Information

FAG: QB A EY TGS A
AR QB A EY TGS A
VEF: YT HFYFT N A

W AE: QRO AR FNAA T A7
o1 4: AFTHSL G A Luh el WAk
HED: AFUHSNL HELIFAS W



