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Abstract

The aim of this study was to investigate the quality properties (cooking yield, color, and sensory
evaluation) and antioxidant activity (total polyphenol contents, total flavonoid contents, DPPH free
radical scavenging activity, and ferric acid reducing antioxidant power) of tteokgalbi formulated with
various levels of raspberry and shiitake mushroom powder. Cooking yield significantly increased with
increasing raspberry and shiitake mushroom powder (p<0.05). After cooked lightness and redness of
RL3 were significantly higher than control (p<0.05). In sensory evaluation, RL2 received high praise
in color, texture, overall acceptability than control. Total polyphenol and flavonoid contents of RL2
and RL3 were significantly higher than control (p<0.05). DPPH free radical scavenging activity of
raspberry and shiitake mushroom powder treated samples were significantly higher than control
(p<0.05). Ferric acid reducing antioxidant power significantly increased with increasing raspberry and
shiitake mushroom powder (p<0.05). Thus, these results were shown RL2 sample is suitable for
manufacturing tteokgalbi.
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Bz avjAEe] A4To] Wiz Qi) QAnThE AeolH 1A ZeslAY 07]E (meal kinoh

22 7P87k A (home meal replacement) FEIO] A5 FHishA AFoh= AHIARE0] Soldth
(Mun et al, 2020). T3t 7]o) 2189] 2712 Q18] A9] ARHTk= oo Edcy} MsksheA

wlof} 2470l thet Talo] S715lo] A% 71 AES Toske ArlAEo] S7tele] A1
A3 7k ST cRsRAF (Hivang, 2020; Kang ef al,, 2020). 0] wef vlebel, efd, 41g
X A, Belols, Sepriols Fol AR RSk Ui, S7FEE Ed olo] W Apguolo}

3} (Galanakis et al., 2020).
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ZYu3} EE 0|5 E55H g5t = S2H|E] (Rubus idaeus)= THEZXQ FAISH
24 AlEelH, oA 7K 71 s FLoltt (Hallmann ef al., 2020). 2=#|2]7F ohfot S
= % ZZEAJolYY (proanthocyanidin), We}7|EFd (ellagitannins), QFEA|OFA (anthocyanin)O|
FE o|FH, 11 F UEA RIS Ak AEF AL 4FHIEGS HAlohs Ef 0| =A Folt
(Martinsen et al., 2020). E3F Hlz2it 9l Bl (tannin)?} 22 FlEskehEo] oF s00i7e} HEr,
A4, vdlE 5o] SHSHA erEo] ol Fitet, el FAF, AEHA A oY Sofl Ay
o]t} (Noratto et al., 2017).

ofrlotof|A AZY 7164 AlEC =R QAE0] Q= HIHA (Lentinus edodes)ESH TS EHA]
5500 9= A0 2R U (Li et al, 2007). ETHARE Aol vkl D2 PYElo] 24
o] T8 EHFE AZVAHE (ergosterol)S $H31TL =d], o] ofRlojlA HES =5 H]Et
DS 4507 Ol B 454 3ol B BRI (el 200 1ol U
SRS AT BS WA HUEE oI ofelehd (eradening), BE7FL 5}
]ﬁ—r‘j HEI (letinan), FAES}E G317} Qe BREEHI (riboflavin)o] E-7-%l0] QJct (Ahn et al.,
2003; Im et al., 2018).

o.?l', mEL

T & AR AWl 88 ] 23, o) Lnvise e WK T
A5 Y A2 B9 1S FESHL B 542 Bk 4% 15 $71ES sk
A ek

|. Xz 2 HitH

AT7| ©ZH| ®X

H A5lof AREH $E 2% HQ| (Thomemeat, Korea), THZH]|2] —‘?’—‘:—Q (Momcookmg, Korea), 1!
328 (e, K 19 531 Tk K90l B g SR V)
5to] 3 mm plateE A2t grinder (PA-82, Mainca, Spain)& /\}-Q Ba5H9ct —r‘-‘—H o A
(100%)= 7122 NPS (0.8%), 1Fg (1%), A (3%), 2R (3%), A4 (0.1%), F== (0. 15%)
ISP (0.5%), 715 (1%), FTF £L 2%), "hs £L (1%)2 A £sto] 8] fokes Alxst
et Al fekEe] 2t=He] S FuHA B8 FrIste] tiRT (B2 0%, EAHA
0%), RL1 (ZFRH|F] 0.5%, FIHA 0.5%), RL2 (22H12] 1%, FIHA 1%), RL3 (Z2RHE 1.5%,
FIHA 1.5%)2 FE5FIT} A|ZSE B4H]= 80T chamber (10.10ESI/SK, Alto Shaam, USA)o]A]
302 71 F 4ToIM ¥ 9 Byt Aol ARkt

T
>

Na5ge S48 71 A R 1Y 7 RAR Al] %z AEsio,

M =X

A 2% HZ4H]9] FHE colorimeter (CR-10, Minolta, Japan)S ©]-8510] H: (lightness)S L1E}
U= CIE L 33} A% (redness)S UEM= CIE a” g A% (yellowness)Z UFERHE CIE b

ZFS 24519tk o|uje] EEML CIE L ZH2 +97.83, CIE a* o] —0.43, CIE b" Zro] +1.9891
WA 2 ARRSISITH
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W54 FARN AR U A4, §ol, WIE Sol ST 1099 RS sl
AASITE, BB 2 Mol we ARE B2u1E 202 om’ (FEx R0 FEs
A, Fo, 22 AL ole] - o), AAHS A5 o] ko] 42 14 (S Letehol
$ 20 WSl BWolekaL 1 BaAE oo vlasieich

Pkl-il. S iﬁl% _?_I%J' *IE _:::_%

st B4 38E A AR 3 g SRS 15 mLE E376to] ultra turrax (HMZ-20DN,
Pooglim Tech, Korea)Z 203 B<F 7,000 rpmof|A] #25to] FAEE]7] (Supra R22, Korea) 2 105
B9 4T, 3,000xgol|A] QAR YAHEES FE5FL filter paper (Whatman No. 1, GE
Healthcare, USA)E o]7}5t0] ARG AlF]of| AL835}19ic

Total Polyphenol Contents (TPC) &

% Hs 3RS Folin-Ciocalteu 3% (Singleton and Rossi, 1965y 38510 Z74319it}. 5N
40 pL} 2 N Folin-Ciocalteu &% 80 L& 35l 35 & ¥ESAIX] £ 20% NayCOsE 800
pLE F7Feka WE aApgsto] 37C oA 3087t BHSAIZTE ¥hE & Multi-mode microplate
reader (SpectraMax iD3, Molecular Devices, USA)YE AR&5l0] 760 nmo|A S 3=E S o[t
Garlic acidS BEEUZ ALgalo] A 29} BUL W02 B4 T O AYHoR % Hssie
ARESISIT

Total Flavonoid Contents (TFC) £

% SfHo|E T2 Woisky®} Salatino (1998)2] HE S-&5to] S50tk 2 100 Lo
diethylene glycol 1 mL2} 1 N NaOH 100 pLE 33135} the WS Ajisto] 37004 14]7F HkS
AALE WS & Multi-mode microplate readerS ARESIY] 420 .
Naringing EZEEE ARESI0] A5} U3 HHoE B4 T A2 FFHos F Edf ol

S AESHsE

DPPH Free Radical Scavenging Activity £

Free radical &7 HER20] 853t 0.2 mM 2,2 diphenyl-1 carboxylic acid 1 mLe} F&5
1 mLE &3tskar, QMaoA A0 = 3087t ¥HgAIFth )% Multi-mode microplate readerE AME-
sl 517 mmol SRS 245te] chest L A2 Bolo] HEgE Uieiglch

NERA7IE0] BT — NEH7E9] 3%
X

- . 100
AeFd7he] FE

DPPH radical scavenging activity (%) =

Ferric Acid Reducing Antioxidant Power (FRAP) &8

A2 Benzie?} Strain (1996)2] WS 8-8&5to] S75HITt. FRAP AJoR& ARESH] Ao 0.3
M sodium acetate buffer®} 40 mM HCIo] =<1 10 mM TPTZ, 20 mM FeCLE 10:1:19] H]-E&=E 4]0]
STCOIH 152 WA ZUIsHAch AE FRAP AI2F 3 miS} AR F5E | mLE STole] 0
2t 37C AofA] 15871 HESA|Z] & Multi-mode microplate readerS- ©]-&5}] 593 nmojjA] &
Feg 299
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A3 Aik= 24gt 33] o)) RS AAlste] FrHEIT olF SAAE 2219 SAS
(version 9.3 for Window, SAS Institue Inc., USAYE o]-8sto] Z3E Haghdt EEHAE YEhS]
O™, one way ANOVA, Duncan's multiple range test= ZFZte] E440] tisf] 5-2J2]Q1 Z}o]7} Q=4

g B3s

M. Zap ¥ oF

71898, M

Table 12> 2t2H|2]e} EUHA 7ol W2 Av7| §Zn|9] 7tgd4=83} Mg FAgH Ao
o} 71 &2 RL29}F RL37F th&0]) HI] oA 0= &2 s e o (p<0.05), A=
ol SzH2et BUHAY H7lgo] S7HE 7MEa8 B3 RF R U6k ARE B
A} (p<0.05). Rosli 5 (2011)9] &5 =4 B H7IsE A£317] Hjg] AFoAE S5 54
O] H7lRgo] S7IRERE 71E4E ES ST Balste] £ o] Aael Ak SA|
FolAM 71E5&2 il tjEZ AL ~E-S A6l A Aok 50l A 2= =
(Younis and Ahmad, 2018), Al-Juhaimi -5 (2018)> 41520l oJsf o= S==at A F4=80] =of
A il MjEEAS 733l 7HAe-EolE YRS nHthal Barsie] 2 Aok M7k 2hxH|
2o} A £ HRdo] sl 7td4-go] SX1E Aol wekEh

Brs 7HE Aol 247 RL3ES RO 08 =2 3hZ YERIAT (p<0.05), 719 2]
AeEo] 2R FH 0 R w2 FHE Bt (p<0.05). Park 5 (2006)> FIHALE &
0 =2 2EUFE PLrt 2o Y, 80T A= F2E2] BErt 85.347H4] EolXItkal Halsh
2 AN E FHA B J7IRE A2lE0] 80TollA 7HdEo] Biert SV Ao R W
o} A= 7HE Hat & 25 RL37F gi2o] vl fo8oR w2 g UEIT (p<0.05).
oli= 7HE gxH|e] Ego] AR WS AREot] AlxREo] AMETL 332008 w2 FAE
e, 71gol| SJ3t Maillard ¥+-8-0& QI 719 & MEoME M7} =& 3h2 Bl Zo=
A= ET (Si et al., 2016). FHE= 71E Holl= txyet A2ltE 7ol ZjolE HolX] QtAITH,

rr

o

2w

Table 1. Cooking yield and color of beef tteokgalbi formulated with various levels of raspberry and shiitake mushroom powder

Treatment
Traits Control
RLI RL2 RL3
Cooking yield (%) 77.37+0.57° 78.55+0.76° 80.39+0.65 82.56+0.32"
CIE L’ 35.43+0.44° 34.63+0.78™ 34.13+0.58% 33.4340.27°
Uncooked CIE a' 15.27+0.54° 15.73£0.23° 16.25+0.25% 17.20+0.32°
CIE b’ 8.73+0.43 8.90+0.38 8.97+0.37 9.30+0.26
Coler CIE L' 41.58+0.50° 42.67+0.47° 43.23+0.62° 44.32+0.49°
Cooked CIE a' 4.86+0.14° 5.08+0.13° 5.3020.13° 7.120.31°
CIE b’ 6.39+0.29° 6.85+0.22% 7.10£0.31% 7.76+0.32°

All values are meantSD.

*¢ Mean in the same row with different letters are significantly different (p<0.05).
Control: raspberry 0%, shiitake mushroom 0%; RL1: raspberry 0.5%, shiitake mushroom 0.5%; RL2: raspberry 1%, shiitake mushroom 1%;
RL3: raspberry 1.5%, shiitake mushroom 1.5%.
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b Fol RL3ZH Sfret ROI208 B0 g BTt (p<0.05). Mattar 5 (20189)9] ETBH4
B HE WA e Ao Eues B WRE FE go] Sobirk 2s)
of £ A7 AR 23S vhehpglck

5ot

et2H|2|QF FTHAL 7k whE 4017] BAn]9] e AT Table 20 WERAQICH A
(color) RL27} T2 HIs| A 02 &2 gha BT (p<0.05). 227 (texture)> RL22}
RL37} tiRFET} o502 =0 719 W o (p<0.05), TFEA (juiciness)S RL37} tiRFHTH
FOHoE &2 g YA (p<0.05). HAIAQ] 7] 2% (overall acceptability)r= RL27} T
o} RLIC] H]sf FoJ 0% =& gka Hth (p<0.05). o]= Z2H|2|9t s A £ M7} ool
71R1%t AL WE=t, Liu 5 (2020 22H|2]7} shEEHA P =oAL &9 HAast
A Bkl Barsklrh. ERF Chun 5 (2005 =5 el A 292 7S vt
A% Ao w7t S7IRIAL Halste] & oMk SRH||el FusAl B8] A7 237,
TS, AAIARI 715k 378AR G PRl AC0E AlaEh RL27F A, 2271 AAARI 715
oM 7HE w& 71 ot Aa] EHIE A2 uf efxdEier BaEAlS 22t 194 d7fet
£ Z°o] BAE 7P 943t vl AoE woE.

TFC, TPC

Eduls2 Tt AlEo] Aol Qe 23 dMERE £ W —OHZ|E 7L Qo] ARE
Jolsto] B/ditaol oRt AlRkE AAloh= 7155 ShH, Eet 0|9t 22 iRt EejulE 1)
E2 F3kolar Qlt (Di Carlo et al., 1999). Total polyphenol contents 27 AIN= Fig. 1] YERAR
Tk RL29} RL37F TR o408 &2 ghe WERIRITH (p<0.05). ol= 22He7t E2jvl=
% LT AJoPYY (proanthocyanidin)i} Aet71EFA (ellagitannins)S #5514 -1 Q= A O
2 Bg00 (Kihkonen e al, 2012), EXHAS 12014 AR 71 A9 Eelds o]
S7RITAL Halge] o]9} -2 Avs yehd 2= ALET (Choi et al., 2006).

Fig. 2= Total flavonoid contents 73+ Zx}o|t}. RL29} RL37} tiZ+-2} RL19] H]5)| f-9]&4 0
B B2 42 Hh (p<0.05). EUHAS ETHlsS O SRkl QAT BIE2Emo|E AF Y

Table 2. Sensory evaluation of beef tteokgalbi formulated with various levels of raspberry and shiitake mushroom powder

Treatment
Traits Control
RLI RL2 RL3

Color 3.95+0.69° 4.20+0.63® 4.60+0.52° 4.20+0.63"
Flavor 4.00+0.94 4.30+0.67 4.50£0.71 4.30+1.06
Texture 3.80+0.79° 4.30+0.67" 4.70+0.67° 4.50+0.53"
Juiciness 3.7020.48" 4.00+£0.47° 4.20+0.79 4.45+0.69"
Off flavor 4.6020.70 4.80+0.42 4.90+0.32 4.70+0.67
Overall acceptability 3.75+0.63° 3.85+0.58" 4.75+0.42° 4.35+0.67"

All values are mean+SD.

*¢ Mean in the same row with different letters are significantly different (p<0.05).

Control: raspberry 0%, shiitake mushroom 0%; RL1: raspberry 0.5%, shiitake mushroom 0.5%; RL2: raspberry 1%, shiitake mushroom 1%;
RL3: raspberry 1.5%, shiitake mushroom 1.5%.
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Fig. 1. Total polyphenol contents of beef tteokgalbi formulated with various levels of raspberry
and shiitake mushroom powder. " GAE, garlic acid equivalents. *® Mean in the same row with
different letters are significantly different (p<0.05). Control: raspberry 0%, shiitake mushroom 0%;
RL1: raspberry 0.5%, shiitake mushroom 0.5%; RL2: raspberry 1%, shiitake mushroom 1%; RL3:
raspberry 1.5%, shiitake mushroom 1.5%.
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Fig. 2. Total flavonoid contents of beef tteokgalbi formulated with various levels of raspberry and
shiitake mushroom powder. " NE, naringin acid equivalents. *® Mean in the same row with
different letters are significantly different (p<0.05). Control: raspberry 0%, shiitake mushroom 0%;
RL1: raspberry 0.5%, shiitake mushroom 0.5%; RL2: raspberry 1%, shiitake mushroom 1%; RL3:
raspberry 1.5%, shiitake mushroom 1.5%.

£zl o B2 A0E HiEo] Setiirolt FHgolls & YIS nAA] B2 AR AlmEtt
(Han et al., 2015). SHA|9F Sf2H]2|9] L, Eﬂ}i}cOlE L= FHolH, 53] ¥ AHlolxe
71 9ol 7okt & *"5401] AME 2pRHE] B3 S AARE B9l £Ust o] § SuhE o]
T Slego]| 93RS IA v Aoz AFRHTF (Mullen ef al,, 2002). Wb SulH 0]t 3k
F7FE FaAlE T efHEEof oJsf RL29F RL37F &2 ¢k UEhd 20 wotsH, 2i=u|g]
oF HIUHALE 7Iste] gZHIE Al2T 49 Eduksat EefE o]t Fo] 2 g4HlE AR
g 5 U= ZoE AlmEth

DPPH, FRAP
DPPHE= A]Z.9] free radical &7 522 &£43111, FRAPL2 A|59] 3IES 24510, = 71X]
WSS IS B4 27 9 B 71 REAolr] Ado] 22 24 Wl & Bebis o

o] Y3 W) % 3t} (Thaipong et al., 2006). Fig. 32 DPPH free radical scavenging activity =74
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Aot AjEo] iR FoJ2 0 R w2 e YU (p<0.05). Zhang 5 (2009) ¥
IHAS FEAZRE AQEt OE XS ARESH 2 A4S ETuls el d4asto] DPPH
radical &274% ESF At B 75191, Novakovié 5 (2011)2 k2H|go] a5 AHE
(kaempferol), UIZJAE  (myricetin), HZAE (quercetin)y} 2 EeHEleo|=9t dzpr|ehd
(ellagitannins)¥} -2 E2|H=°] DPPH radical £:750] &4 Ugthal Harsto] 2 AgloA= &
SAxE sl EEEths $A0%E S2HE 229 7P 9% o A vl AeE Alm
.

Ferric reducing antioxidant power 2% ZA¥}= Fig. 40 YERN It S22t FHAS] M7=k
o] S7FSE oA o® SIS (p<0.05). Shah®} Modi (2015)9] HAlZ: 0|83t FAlst &4
=74 Aol oot maAle] Gk}t B 43S U, DPPHRL FRAP = 7HA] WP o &2
FAEE B 58 HolFQAINE, DPPHETE FRAPOIA] 710l oJgt h4tst &4 59 2lol7t
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80.00 a +
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o

50.00

40.00

DPPH radical scavenging (%)

30100
Control RLI RL2 RL3
Fig. 3. DPPH free radical scavenging activity of beef tteokgalbi formulated with various levels of
raspberry and shiitake mushroom powder. *® Mean in the same row with different letters are
significantly different (p<0.05). Control: raspberry 0%, shiitake mushroom 0%; RL1: raspberry
0.5%, shiitake mushroom 0.5%; RL2: raspberry 1%, shiitake mushroom 1%; RL3: raspberry 1.5%,
shiitake mushroom 1.5%.

1.000
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Fig. 4. Ferric reducing antioxidant power (FRAP) of beef tteokgalbi formulated with various levels
of raspberry and shiitake mushroom powder. “* Mean in the same row with different letters are
significantly different (p<0.05). Control: raspberry 0%, shiitake mushroom 0%; RLI1: raspberry
0.5%, shiitake mushroom 0.5%; RL2: raspberry 1%, shiitake mushroom 1%; RL3: raspberry 1.5%,
shiitake mushroom 1.5%.
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