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Abstract

This study assessed the effects of a purple carrot-based natural meat tenderizer on the quality and sensory characteristics
of pork hind leg. Purple carrot powder was applied at concentrations of 1%, 3%, and 5%, with a control group at
0% for comparison. The results indicated a significant increase in protease activity across all treatment groups compared
to the control (p<0.001). Furthermore, total polyphenol content, flavonoid content, and DPPH radical scavenging activity
were also significantly increased (p<0.001). Crude protein and crude fat content increased, while hardness, cohesiveness,
and chewiness decreased, suggesting improved tenderness (p<0.001), especially in the 5% treatment group. However,
sensory evaluations involving 40 untrained consumer panelists revealed that the 3% treatment group achieved the highest
scores for appearance, taste, color, flavor, texture, and overall acceptability. These findings indicate that while higher
concentrations of purple carrot enhance physicochemical properties, moderate application may be more advantageous
for sensory quality.
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(Daucus carota L.)& 1| \}2]ZH(Apiaceae) |
A2 5F L FF AGelA 3,000 o) 3 A
tH(Montilla et al., 2011). I+ F23} G2 AL
S Wil lom, QEEAJold, ZetH -0l &, 2lo]H
A, FEIQL 7R E o) = T kst A s T
SHA| $HrstaL eH(aL =, 541, 2018). 53] A
o QEEAJoP 2 T2 213 5o H]3l] &, pH, L of] ]
gk Qg g o] ot 7he 2ol &-8-st7] 9l felsioh (S
A, A<, 2023). =5, A2 DPPH 3 ABTS 2t
Z o7 5S S s ksl S-S vER T, A
2%l A8 Al Akl b @Y, sk 53, 227
W, 715 T ol FE 7N &t ok vl E 9, 2021;
Zrleh, 304, 2019). Bk, ARG i sf vhekst A
g2do] e sl LDL F¥ =8 &o] AslE Be 418
AA Ak o avH(Wangetal., 2012), @ A&} 2 thA}
S35 7| &3 (Padayachee et al., 2013), 4 A3}
9} &% 7] 704 a3 (Poudyal et al., 2010), 4| E 2]
oJA &7} (Rasheed et al., 2022) So] o] o] s @3alc}. o]}
2L 715 S v OB A2 TheFgh 2 E ol &
|HAEH, dE o A7I"FrE ¢, 2021; A9,
2021), =#AA I A(FANY, «3ld, 2022), FB(FH
7, 2022), F7I(zv2h A7, 2019), FF(HEE,
2022), HHE -G 9], 2015), FHEASL 9], 2016) =
oheFs AlETS o 2 giksks 71, 7|s = 7R, =
23 Y 5o S A-A AT e o H, AlE - E ol ot
gt HA ArbES 2AE A LA Vs E A
T AT 7HsAe] ErhaL JrhEAY 53], 19T, 5
21(2018)2] ATF-ollX = AT LS =5 dE] o 85t 4
3, 7HEEA ST A g o] AEE Aol 57
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£ 09 AFHH oI, o]o] & AT E AT e
T AKAT 50 Srkede] 2gstn, 2 FA5
9 FHBTA Gk o8 Fo) AT A Epol
o

b et 2AS AARFORA, =5 Slvpeid 22
Z T

=5, 9, A, vhee SUte
ZA] mFEOA Bk AAaL, T o] o) A mes ARG Y
(FHIAEIFEET, S, ¢), FRFREAF
FHBAY, Mg, T), SEAF(FA A 57, &L,
k), WA (FA A 571, S5, gk, ARH(CT Al
AA—E), A, &), FF(FHIAF 571, A1, 7
=), 25 (CI A LAGEH), A2, =) AH-8FTh A3
o] ALg-¥ AJeke 2 2-Diphenyl-1-picrylhydrazyl, Folin-
Ciocaleu’s phenol reagent(¢]3} FCR)Z Sigma Chemical
Co.(St. Louis, MO, USA)2] A&F-2 Ag3t¢lor, 1 9
of Aok 15 0.2 ARg-3k T,

2, dgAQ M=

Of

Wl gl vhedn) ©1(2013) WS Fstel
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ot
[
=2 |y

ollu] A of] o3 k200 g, TFElvHs 150 g, 745 20
g FEI 50 g, 27T 50 g, v 100 g, 44 100
g FF2g &7 10g B 500 g& H71ske] 228 x5}
L, A 23 A2 100 g AN GBS v 272 0%,
AYT 12 1%, AT 25 3%, AFT 38 5% W7l
o AGA|E A x5}t

=5 Sopeite] FE A Fts Al AL AT
BB} 0]83}o] 3x3x0.5 cm 7|2 ZA-Fo) H3YEtA
e T, E5AsA vES 212 31 4 T

(GMSR-680, GMS, A&, &) ol|A] 12417 A A H L.

A5 A7 S, 3179 Bo] B A2 A3t
7] 918 Fol U AT 1, ohgio] 100 Tl o2
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5. M9 protease EAM

A7 9] protease A ZAL 98] 2-S3HUIL-DHS
15040, 253, QM &=)A 2] 30 5, 9739 ¢4
2] 7](DE/MIKRO 220, Andreas hettich, Fohrenstrafe,
Germany)Z 1,000 xgoll4] 1032 5 5ul] 3143 2@ S
0.65% casein®} 110 mM TCAZ BFSAIA A8 A5
W=7, 0.5 M Na,COs, 0.5 M FCR¥} £35131 37T 2l
| o]E{(SI-100R, FHF43}, X1E, gh=p)oll 4] 304 ¥H3-A
71 3 2333 % 7 (Spectra MR, Dynex Technologies Inc.,
Chantilly, Virginia, USA)Z 660 nmo4¢] EF =S =

Ak, BFE AL tyrosineS ARE-314It

6. =Hel pH R
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pH= A8A] 5 g7 ZHF 45 mLE 1238 F 94
(ME-80, gl 7}8H2ke], <1, 32 152 5 A5
pH meter(A221, Orion Co., Beverly, MA, USA)E, J
F=AI(PAL-1, ATAGO, Tokyo, Japan)2 Z43} At}

o Mz
o ©

k1

7. NS AT

ALA o] Me= AMAA(CM-2600d Chroma Meter,
Konica Minolta Holdings Inc., Tokyo, Japan)Z ©]-&
3Fo] WE(L: lightness), 2% (a: redness), 3% (b:

yellowness)E &4 35} 3t}

8. ISH|9| itel

AsA o] & Zg]d=3} el o= ek 2 DPPH
)z 2752 716€(2021), ZAA143(2016)<] A& u

99.5% ollehZ 9 mLE E§afaL, 25C of| 4 2023t =

0.2 mL2} 2N Folin-ciocalteau’s phenol reagent 0.4 mL
5 E3ete] A2ellA] 387 vheAIZ] F 10% Na,COs
0.8 mLE &35k 1 A7t 9k aukg- 3 13353 =7 (Spectra
MR, Dynex Technologies Inc.)Z 750 nmol|4 2] FF =
£ &3 9t). F el g2 AT E A= gallicacid
£ ARgete] AL Ao 2 ket g, etk
ro|= gake A5 0.4 mL2} 90% diethylene glycol 4
mL, IN-NaOH 0.04 mLE &% § 37T <liuo[H
(SI-100R, &gyl A 1AIZE ¥-g-A171 218 420 nm el
Aol FREE 74330 BFEEE Ruting A8
t}. DPPH &ttt 2752 Al59 4 mL, 0.4 mM DPPH
Aehg & 1 mLE 412 F 3021t - 5 517 nmo]|
Ao FFEE S4st3len, DPPH 2to)Z &7 52

& 2218 g3kl BBl

DPPH 2}t]Z 2:71%5(%) = {1-(A1& 7]
AT/ 2] )} x 100
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Brookfield Engineering Laboratories, Inc., Middleborough,
Massachusetts, USA)=Z Cylinder probe(TA4/1000)&
ALg3te] TPA(Texture Profile Analysis) WO 2,
pre-test speed 2.0 mm/s, post-test speed 5.0 mm/s,
trigger load 10.0 g, target value 2.0 mm, depth 2.0 mm
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ol 7]z =)ol t3) 97 ZiE‘?j(lxdr “H—?— ééﬂh 57&1:
wE, 9@: ohi- o Aasic A A

U:L 3x3%0.5 cm 27]./] 7} 35S %
$3 % AT DK 372
PPAEe] A8 2ol Sl ATER o RS EE WA
F3hict.

1. A2

¥ A7}+= SPSS program(IBM SPSS statistics 27,
IBM SPSS Co., Armonk, New York, USA)-& A-8-35} <]
Hebllon, tizaa AdTzte] Abo] A5 L vl
2] B2FE2 (one way ANOVA)S A8, A5
2 Duncan's testE o]-§-3lo] TA14 22 53ttt

2 04? oAl A ko] ANk RS HAle A7,
B 4.99%, 232 7.60%, ZHA 1.17%, =A%
1.62%= Yehdt). ol I7lEFAEFAAR R (TEAT
%, 2020) 001 ] AubAdEQd 7 91.10%, T

1 LEes]
1.02%, A 0.13%, 3] & 0.72%2. 2 Elﬂ‘}iiﬂﬂ, A
%, §5212018)9] ATeIAE A z} I3
o] H 88.4%, 23| 0.9%, A4}
el o s u} ik 2 oﬂ%low

_1%;
32
m()
19
I,
0>~

53] 230 ol A5 A ANG 2ol vl oF gulshe
O AT Hol, AT Bko] 7714 FFAo 2N
of 718 4R 8 A 98- AR weka] 24
g Russtel /1y AR BT A, AR 2 9
A 0t BoE 15 2R B8 F 9de Ao
o EIh. Thk, B QoA e o] o) Hol AR A
$jo] 43 EA) gpgkonz Az Ael Hgolre] A
w5t v g A wlael= Algo] whech 45 Qo
A Az 24 8 71 el mhE e 4R st v
AAH AET Bad Aoz AmErh

2. XMt 94SH|9| protease A

A B Hr)ete] A28 3549 protease

3} 2o} 272 protease TAJL169.69
units/go] o, A¥T 18 232.41 units/g, AT 2+
329.76 units/g, AT 32 468.82 units/g 2 S = YT}
A B HrbeFo] S71skell et protease /0]
FoF o7 £7139 2 HM(p<0.001), E3] AT 3 o
Z thu] oF 2.5u) o] o] &8 B olth. ARkA o= ul
S} Al 5 FHAF FEE-S protease BAJo] =ob ASA|
2 Z8Ho] geor(Hes 9, 2018; dsd, IATHE,
2004), o|+= protease®} peptidase”} TH] 2-& F-3)| 5o 3
3o iks YA FFO =M a17] 9] IstE F 18] )

i}

2,
Mo

A O
Ko
v

Foloh (g7, oF3lA, 2012). B A7e] A} 94 o]
& 718g whedshe Ao R s dnk. w18, YT, 5
2 (2018)& =5 sfeol] AT L2 H7HlS o, A

]_

Tbol S7VErE 7Hd E4EN A4 Hag A

Fopar waskeiet. ol2gk A Aot
B Aol AE vl o2 protease B/ TV S
A5 29 8 A Fel sAH ez 28-S Ao Tl

Tl__,];doe Z:]'

A

A=SHO| pH H E=

AT Rrkg G7Feko] A2T A% pH 2 B

(E 1) A2 H]H|9| protease EA tsek9] : uni/g
o) &+ AT 1 AT 2 AEF 3 F-value
169.69+1.35¢ 232.4142.05° 329.76+6.21° 468.82+11.24" 1192.088"
*Means within row with different superscripts are significantly different by Duncan’s multiple range test(p<0.05). *"p<0.001
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F= <3 2>9) Aot pHE 270 4.86 2.2 713
AT 12 4.95, AFF 25 5.06, HPF 32 5.15
A B bl STl whek frejH o S
3} 3L(p<0.001), HA 34| 714 =& pHE LERH
2 | ARSSE AR el pHE
5900 % 2] 486K =7 SHHAT. whekA 2
A B A7kl S ASAl HF pH sl 4
2 Ent pHE A5A9] 53 #dE
2 2 3hbolth. Gault(1985)= &9 A&
AwTt WA=, ol v eu B o
o] SAA (P E =2 pHOlA 7 HAH(WHC)O]
Z7Vel7] wjiolet Byt 53k, Huff-Lonergan¥}
Lonergan(2005)& AF% 2719] pH 24 59t A, o
W2 el i A Ak} Fol 570 i B s T4
& JFFE vRIvkaL skt b B Aol A
g Fkel et AR o] pHE frelH o2 Fke
AL, o] F A Sl 48 B¢ dF a4 4 77
8 S 7S e 50 R gekE)
AT AgAle] G tiETe 2.54 Brix% e
™, 2% 12 2.62 Brix%, 238 2 2.73 Brix%, 23
32 2.93 Brix%=, A3 o] drhege] Shetl
w2} o) 2 0 2 F7FeF Ak (p<0.001). of= A E
wof Hrhge] Skl whet Gt ol H 0% Ad5E
78S B (p<0.001), AT 30 7P =2
£ YeRITE 2% 7FE oA B+ B8] 2] AlE
Jol, 2 %= AskE Fal A S Eolal, o B

g2 F7hA17 237 2 BE AR T efeke 5 7]

1

Ho

-
S~
(3
Jm

fo p,

(F 2) XMtz AKH[Q| pH, HT

T AT FHJATHARA 21,2007). A2 2 550l
NEALE, B, EHE 5 BEAE A6t E8 S X
o] AR, F R, oA V1EEE RH R P
1wk QIek. o= AgA A o] B L8 7hsd o] ok
dekEct wheby 2 7o) Aahs AN B A7t
A5A o] F= 2ol AR L A, o] T3
A57 o] st opufe} AnkA Rl 4 8l v V)5
S P F AEE AT

N
N
oft
o,
£
2
Y
ot

2 FAsA o] M 24

At ©] 47.48% 714 =

ko w, AeTt 12 45.55, A 25 45.29, AP 3L
2 7231510 H(p<0.001), o] = 244

Fo] A ALl AFAlY B E AStAIR] A= 3|

AEth A s 2ol 2,142 71 =9k o, A9

ol
f
fr
=
X
L

X
T2 1.02~0.572 A 2 Hrfeko] S/ S
o]H o g FFaate] AT 30] 7P wkth(p<0.001). &
Ae o] thxTro] 1282 7P Egkon, HNIATe
-1.66~-2.022 H7}eko] 7}t whet fo)F o= A
s, AEE 30| 71 Bokth(p<0.001). o] 2§k A%
b= Aol vk 234 cyanidin 7] 2] RFEA|o}
g ZagvE A4r) A8Al¢ SEE o2 gk A
° 2 FHHh ARG B Hy) 2| H(AEE, 2022),

d,2019)0] M ¥3} AF-ollA] W}

A e, A S0l & ATs) BhE A%

=T AT 1 AT 2 AT 3 F-value
pH 4.86+0.01¢ 4.95+0.02° 5.06+0.01° 5.15+0.01° 568.800"""
%E ook
: 2.54+0.05¢ 2.62+0.01° 2.73+0.01° 2.93+0.01° 124.683
(Brix%)
*Means within row with different superscripts are significantly different by Duncan’s multiple range test(p<0.05). = p<0.001
(E 3) AP |9 M
o B AT 1 AT 2 ART 3 F-value
k= 47.48+0.01° 45.55+0.005° 45.29+0.005° 45.00+0.001¢ 350083.085™"
AT 2.14£0.002° 1.02+0.01° 0.62+0.007° 0.57+0.004* 38896.732"
FAT 1.28+0.001° -1.66+0.01° -1.93+0.006° -2.0240.006* 179567.689""
*Means within row with different superscripts are significantly different by Duncan’s multiple range test(p<0.05). ~p<0.001
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A thEE T 8% H7HE 501 AHol7} 919, o
[e3]
BA

AL & it of ol thsf =

3P7F BEgtA o 2 Yehr] bt (AL 3T, 541, 2018)0]
2}al B3 3¢t} Montilla et al.(2011)S A2 o] F
Q SFE Ao} o] cyanidin 7|8+ 2] FAFo| B0, o] 50|
7+ Folle & 7Fsg A MAaR FrhEcka B arst
St Uyan et al.(2004)2 7z 2 dxlg] 3A S AT
o] FEAJobd AT ZH(L*, a*, b*, C*, H°) W3l7} 3
HAom, 1z Al WE(L¥)of A% (a*)= 7hastal 4
A A D(=2] b*, He ®isho] S g& 1arsk vl gt gk
ExJopd e Al A A=, pHel what A o] F5ia}
Al getAl=t, pH7L SHe5 H5-245 waL, pH7L ot
AFE A = 2 Al G2 sk (=8 ¢, 2017).
B AFollx 7€ A5A| o] pHE 4.86~5.15 A =<E
2>, AT ik HrteFo] S7hghel| whet pH7} EokA|
A FHoM BT Hepd, mE a1 Al o) f-2]
gk b o] | Ao 2 S| A et wegh, A i Wb
o] F7Vtel whet A Ao] A FXrt EobA] A2 Q1 A
Z7} B 73 whEEl Ao 2 Belt), wleha] 2 oo
A% Wsh=pH, F5, 7Fs 2719 s ago
S

211.62 mg GAE/mL o, AE+L 281.19~478.38
mg GAE/mLC 2 7}k ujet o)z o2 U5t
™, AFT 30] 71 =3k eH(p<0.001). of= Aol
8 Z9EA it 2ol dSA UE 859 2
2 deEn). AA R, ApAGE e ZEjleRe FEA0}
U2 A5 35 = 789 A A §E5HE 5] o]
(Padayachee et al., 2013), GS-A] ol Z-& A] FArls} A&
F5 Z71= o]o]d &= 9t} Leja et al.(2013)2 A G2
2 o2 A g2Eg o on) =2 ZHE §9E A
™, phenyl propanoids7} AA| H&=7F2] 21.4~24%E =}
Ao, £ Za]He AEolli= chlorogenic acid & T}k
3} phenolic acid, quercetin 5-°] $Jt}al 3}it}. Montilla et
al.(2011)2 A Lol Z2]H|=0] 97.9 mg/100 g g3}
3 glown, % thEEo] StEAloPd © 2 753 mg/100 g
olgla &}3ic}. 28] 3 Zhang¥ Hamauzu(2004)= 9+
o] F& hydroxy cinnamic acid =47} $Hr%o] o
™, 71 % chlorogenic acido] AA| H&E7F2] 42.2~61.8%
£ 2pA|gktaL 3ok

ZgHolE e th2TS 106.22 mg/g, AT
£ 129.92~144.74 mg/g O 2 H7}eko) ule} Z7}sle= A
ol om, A 30] 7HF =K (p<0.001). Leja et
al.(2013)2 AAGTL AT X O 2 phenylpropanoids:
flavonols:anthocyanins H]&-¢] 30:16:230]2}3 B 18}
th 2 AT oM x FetE ol efo] EefdE R
th A2 o 2 e

DPPH 2t} 27 A o
AL 76.45~80.60%= A3 30| 7 =A vEhd
(p<0.001), H7}o] 7145 kst &Ado] =)=
BEFS Bk AAGZS Hrket F7)(&=v)2h Z A,
2019), A71E (w2, 2021), FLH(FAe} 9], 2016),
(Y, 2022), (A, 2022), =5 HE (ALY
F, 54, 2018), (e, 2020) ATFANM = FALSH

o =) sl

Z79] 65.40%91] H]3] 2

oz AT 1 AT 2 AT 3 F-value
ZZ e d . . .
(ing GAE/mL) 211.62+0.006 281.19+2.10 346.52+1.05 475.38+2.77 1,1489.417
%ﬂ-iio]";‘ c b b a FAk
(ng'g) 106.22+4.45 129.92+6.79 131.4142.57 144.7442.56 38.973
7 Hokk
fog fr;])"} 65.40+0.41¢ 76.45+0.21° 78.39+0.21° 80.60+0.16" 507.911
az/1e\ /0

*Means within row with different superscripts are significantly different by Duncan’s multiple range test(p<0.05).

sk

»<0.001
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ksl &4 Z717) g¢lE vl ¢loh. Kammerer et al.
(2004)2 A Tl F QEAlORT §HF2 454
mg/kgollX 17.4 glkg7hA] BhoFgk W15 B3lom, 717
F X3 EA5h= A4+ ferulic (Cy3XFGG), sinapic

(Cy3XSGG), coumaric acid (Cy3XCGG)2. & o}zl

oA ShRe & 24.51%K 0 AFre] 30.44~
31.38%= frefH o s Eakom, A 30 71 =3tk

(p<0.001). o] =3 o] FHA= Ik A4 55
ol
=
I

O:

7ol & g =] of
cyanidin glycosides 7%= 7}ZIttal 5}Qic} o2 Kol &S v S 7o AE T = ik ZA8 & oA
G 3 FZ e, SetEolT, SFEAO} T 1.65%ETF Ao 2.81~5.62%E §-oF o=
d Foll ozl shitksl ar vepd Ao 2 Holw, dlsA ko, 53] Ad 3olx A 7= (p<0.001),
3HeHE, EetH 0|, JFEAlOMI 2 A& 525 3 o] i kY A whel =AW 24 vlEo] A
3} 540 T8 7|9 E 3, o= I ud @48 =2 o2 JUIsE Aoz HRlth Ao g g ASA|
FHAAE BvkE o R ol AFE v Bal y o A= =50 R TS a7 AL, e gl 2
o] ItH(Tena et al., 2020). A} S A o2 FTIATIE SO, 23§

L G E AS o] ASA HA ol w2 dubdE W)
6. XMCIT oISX| ZIX| =S 718S0| alHiME 7} S UrebE S 1S = QIQlTE 2 Aol A w
B g A g el 2] Sk o] A A Sk A
ARG ASA] A ESFES) YRS 54 2 ASAVF 9 A a9 oJole, 2AF W -
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THp<0.001). o]& AT 304 ApAFLe] HrlaFo] 7 A A A8k 9tk Son et al.(2025)2 HaL7] A 734
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“Means within row with different superscripts are significantly different by Duncan’s multiple range test(p<0.05).

sk

p<0.05, ""p<0.001
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1985; Huff-Lonergan & Lonergan, 2005), A ASA = 3Fo) g_‘:} Zu|zboA] 5 AR S 754
A A G 28 7S S RlskE 2R B 3 Q= Ao 7 Holth go] e F72 ny A AFH =
o A A2 oy RS A, A R Alde] $A5-713HHE(VOCs) ol 28 A=, &
(£ 6) AR HASHl EX| =] ==z
o = AET 1 A8 2 AEF 3 F-value
A%E(g) 4490.67+449.70° 1877.17+158.54° 1557.00£103.95™ 1168.67+118.48° 107.956™"
H2hd(md) 0.03+0.02 0.06+0.02 0.03+0.04 0.02+0.02 1.444
374 0.65+0.06 0.83+0.03 0.79+0.10 0.79+0.23 1.191
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34 (md) 47.82+7.98" 24.67+1.92° 20.06+2.27% 12.51+4.48° 29.988""
*Means within row with different superscripts are significantly different by Duncan’s multiple range test(p<0.05). ~p<0.001
(R 7) AMea AgH &KX E]9 7|8 TAL
iz AT 1 27 2 AT 3 F-value
Ik, 2.70+0.79" 3.20+0.63® 3.60+0.52° 1.50+0.71¢ 78.000""
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ZA7F 2.90+1.20° 3.80+0.42° 4.90+0.57* 3.80+0.63° 497717
Aukd Az e 2.80+0.63° 3.60+0.52" 4.60+0.52° 2.30+£0.67° 125.944™
*Means within row with different superscripts are significantly different by Duncan’s multiple range test(p<0.05). ~p<0.001
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