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Abstract

This study evaluated the quality and antioxidant activities of pork patties after adding Cirsium nipponicum powder in a ratio of
0%, 1%, 2%, 3%, and 4%, and the potential of Cirsium nipponicum as a functional food. The moisture content increased with an
increase in the Cirsium nipponicum powder content while the pH, cooking loss rate, diameter loss rate decreased. The L and b values
decreased with increase in the Cirsium nipponicum powder content while the a value increased; this trend was observed before and
after heating the patties. The hardness, chewiness, and gumminess increased with increase in the Cirsium nipponicum powder content.
Consumer acceptability test revealed that the 2% Cirsium nipponicum powder group had a higher score than the other groups in
respect to color, flavor, taste, texture, and overall acceptance. Notably, as the Cirsium nipponicum powder content increased, there
was an increase in the antioxidant activities; increased total pheonlic, flavonoid, DPPH radical scavenging activity and ABTS radical
scavenging activity. Based on the present study results, adding 2% of Cirsium nipponicum powder into pork patties achieved the
best functionality and sensory qualities.
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BAE HIEstol EJ74F(Cirsium pendulum), 112 Y737
(Cirsium setidens), 915373 3 (Cirsium rhinoceros), 7|4 %
B (Cirsium schantarense), H-=Q Q73 F(Cirsium lineare), 31
A AAA(Cirsium viassovianum), =R 73 F(Cirsium nipponicum)
5ol At 559 AEolge At LA, B, 71F
T OFE AS 240 wet dE At DA AR
Z24 SkFr ti=2th(Jang 5 2014; Lee 5 2018). YA H
apigenin, luteolin, myricetin, kaemferol, pectolinarin & Zgt
St oF 78%-9] flavonoid7} EIE oM, & ou), AFES
‘53—0‘331, o]—lF,’-X]-_Q_ X]Z] /\]-q Q_'}Zﬂ (‘?:l-i.% QHE _Q_’ 7}
2o 37} At €A th(Kim & Won 2009).
%’%(Clrszum mppomcum)t AHAY 3t £o07 5=
5591 7117} A2 QoA ol @t
*4%}1 RS 22IE 2, A
9 T Soll A8 9
5 2014) 939 4ol 31E 43
2o E 7K F8(Chang &
2T A7) j,(Park & Rha 2016), L_aﬂ A 5
2012), T JH o M7}t AJu(Park & Kim 2014) S0]
ATHYAT B0 AAAL ol8T ATE HEAIT
EYAAE AE 2R &8 A+ mERE Ao}l
ojof] & AFoA= ‘jr"kﬂ 7]%‘3% 7}%1 %OJ%L:H% =
< HEo] HF7Fsta
TWHA7F &2 715 %
Zof &gst7] 9%t 7

-
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Huolo
—a=

oA 20219 4Y 4=
% ok ARgSHRITH B
A7 Z(MCFD 8508,

A -

Ilshin Bio Base, Yangju, Korea)s}1l = A]7|(HMF-3260S,
Hanil, Seoul, Korea)E ©]-&5}o] B4t & 30 meshz A%
S -40C Y=o BslHA] o] &3ttt B ATl
AEE ERS T Hoke] S AGHAT, AR A
83t 4 FH(CJ Cheiljedang Co., Seoul, Korea), $(Ottogi Co.,
Anyang, Korea), "48H(CJ Cheiljedang Co., Seoul, Korea), 5
$-(CJ Cheiljedang Co., Seoul, Korea), B 7}(Ottogi Co.,

Anyang, Koreay= Al5OlA 453t

2. IjE|] M=

=5 e Axe APATLE s 2™ (Jung & Joo
2014) oR]A Y F5f Hid W& Table 13} 20|53t
EJ8T EEZ == HE A 0%, 1%, 2%, 3%, 4%% 75t
of Azt EHt =51 FAEE ¥E7|(MPI0IS,
Housoen Electric Manufacture Co., Paju, Korea)ol] Y1l 40
232 59 SEE 7, 70 g8 BUelo] AF 85 o 4
Sl WAL (WSM-380R, WOOSUNG, Pyeongtaek, Korea)of| 4] .
oI Q E(ML32AW, LG, Seoul, Korea)o| A HJE]S 180T

oA 1587 7hEet & 1AIZF sty Ao Al =R A
sk

3. pH 37(1

27] A WE 9] pH= MFDS(2021b)S 215te] A 5 g
o] 254 45 mLE sterile filter bag(3M™ St. Paul, Minnesota,
USA)| Y31 #A3KModel 400, Interscience, Mourjou,

France)olo] =453t o] H-2 pH meter(F-51, HORIBA,
Kyoto, Japan) 38] Y15 2% ¥ Wata} EEMAR Let
Wit

4 228 &Y
7tE T wE 9] SRS MFDS(2021b)yS ZHarsto] At
7NEAZMO R Tato] Q B(OF-22GW, Jeio Tech., Deajeon,

Table 1. The mixing ratio of pork patties added with Cirsium nipponicum powder

Concentration of Cirsium nipponicum powder

Ingredients (g)

0% 1% 2% 3% 4%

Cirsium nipponicum powder 0 2.3 4.6 6.9 9.2
Pork 230 227.7 2254 223.1 220.8

Salt 1 1 1 1 1

Black pepper 0.5 0.5 0.5 0.5 0.5

Sugar 4 4 4 4 4

Soybean oil 55 55 55 5.5 5.5

Bread crumb 9 9 9 9 9
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Korea)Z ©]-&5to] 105ColA S74st3lth HEE dFrl+w fd= AAste] Ao] HA A FA o s dsta, &
Aol 1 g AeFste] 33] BHE 2745191 B g B SHA AR T & Aol SBHES SHlTh T A
AAE YEr it EE 7IE, A= 2 cm, 0] 1 emE &} 5AgE HAJof ot
Aok HAFGE-Z M (color), F(flavor), Btaste), 2]
5. 71 &AlEN H2UALAE =H Zh(texture), AWHA Q] 7] % & (overall acceptance)o] Tj5}o] B
7FEEAET A AES Kim 520159 SHHS 7Hol £t 74, oFF YHth 13)sHe R 53l EAE
Frastglom 7HAEAES fEHE B A 2 & 5 7t FELOE M(color intensity), TH5d(juiciness), °]F](off
= Z47ZF &45] 11 Zolof tigt v &R AFESHlH flavor), =7 79t Z = (taste intensity)°f] Thsko] 788 A (o}
= ZFstek: 74, ofF kst 1IR)= Brlskth e AlEe
d3o] Qe 3AH] AR WA, BeH e SH Y
Raw patty weight (g) —Cooked patty weigh (g) %100 Aty B HdglolA S0 W (SMWU-2105-
HR022) 71 740 et Algstelrt.
9. FEE NZ
71st €] 10 gof| 70% ethanol 90 mLE- 7|5}l shaking
incubator(SI-900R, Jeio TECH, Kimpo, Korea)o]| 4] 24°C, 24A]

Cooking loss rate (%) =
Raw patty weight (g)
7 A sele] A7 1 5 vjele] 57

Zpolof ot Hl&R2 AFEStla 2 AY =k
2t &S 120 pmo 2 &3 § o BA|(Whatman NO. 2,

Whatman International Ltd., Maidstone, Kent, UK)E ©]-8-5}o]

oAuieled T olTtele RO Agstert.

0z

2l =
=
A7}

o M

ABHLES =
= 474 S4¢ 1
< 53] ¥HE S SHoith
Diameter loss rate (%) =
Raw patty diameter (cm) — Cooked patty diameter (cm) X100
Raw patty diameter (cm)
10. & ElH= & 3
6. Mz =A % Z2¥% 3RS Folin-Ciocaltet Swain & Hillis(1959)
e o] 7t A3 $9] ML= Kim 5(2015)2] S4H o] ¥pH g o] galo] 2A4stgon, EEEAL gallic acid&
£ #3153 0 A A(CR-310, Minolta Co., Osaka, Japan) AFgste] AL 25 T AARSHITH 225 150 pLo]
£ AFg3lo] Lgk(lightness, &), agk(redness, 2 %), bk 23222 2400 1L} 2 N Folin-Ciocalteau8- 50 uLE A] @3
(yellowness, %’&]E)Q’] e 2h2 335 v S & Pdgk o] Yo wHks}T 387 HXA1Z] § 1 N sodium carbonate
I BEUAR UEdSh ofmf ARSRE EE WA (Ng,004) 300 L2 71519 T 3 247150 9FAof A H X
(standard plate)2] L, a, b ZF-2 Z}2ZF 93.77, -0.15, 3.630] 31t} A713L, 725 nmo]| Al E3=(T60UV, PG Instruments, Wibtoft,
UOE S43teic B A9 33 vk 245 & gt
EEHAE Y QI
1. & E2IRL0|E &2 &3
Z ETHLo|E SHFL DavisHS S83%F Um & Kim
2749 on, BEFEZZ rutin(Sigma Co.,
USAYS Abg3te] A A2 7 5 AT AR 1

B

7. =
7} g o] 22
H =%
|
WAt Texture analyzer(TA-XT2 Express, Stable Micro System,
Haslemere, UK)S A2-5}0] 7 I (hardness), B4 (springiness),
1A]17F 59 37C9] water bath(WBT-10, Jeong Bio Tech.,
20 molX FHES 27515
AN

2/ (chewiness), #-d(gumminess), -8-3-d(cohesiveness)ye
BN A&+ 7HE, A= 15 mm, 0] 10 mmE ZEhA
AL of=yot % A7t oy == 3

£

2 TPA(texture profile analysis) H'H
(2007)0ll wz} S
mLo]| 90% diethylenglycol 10 mL2} 1 N NaOH 1 mLE 7}5}o]

e

HROF

S5t
3 7 Waghet BEuAE Yol

Incheon, Korea)o]| 4]

o A2 3304 vy
=13

RS

0.
12 oE

gy =3
A

=gk 242
post-test speed 5.0 mm/sec, test distance 7.0 mm, trigger force

5 gO & 3} 3! round probe(75 mm diameter) S AR5 T}
12. DPPH radical &2
DPPH(1,1-diphenyl-2-picrylhydrzyl) radicalo]] Ti$t 47
AN
of WYkl

2 Blois MS(1958)] H}#o] what 24slgict. 8l4et A=

preniy

H =
115}0] pre-test speed 5.0 mm/sec, test speed 3.0 mm/sec,
3 mLoj| DPPH solution(1.5x10™* M) 1 mLE 7}5}

(Kim S 2015).
8. THsAAL
g7 SPoRsty AEFYS ATA 2¥ES
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T 308 7F QoA AT 517 ol A FHEE 39 20} o pa
HHE SAstRoH Bgd EEEAE UE It
1. pH
DPPH radical scavenging activity (%) = EY4HA B H7} ojE] 9] pHE Table 29 At} E97
(1 - sample absorbance/control absorbance)x100 7 e Y pHE R 5.850|103 EFAH £ A7

13. ABTS radical 27 &M &3

ABTS radical 7] 8/ Re 5(1999)2 W sto] A5
ot 7 mM ABTS(2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonic
acid)?} 245 mM potassium persulfates Z3}5}0] ABTS
solutiong A|Z3§t F ABTS radical(ABTS") A4S df
12~16A17F 4 WH-GAIZ T Radicalo] A/d% -89 PBS
buffer® 3484 734 nmol|A] &30 Fho] 0.70£0.027} E=
2 519t} ABTS solution 900 uLe} A|& 9 100 uLE 3ot
of 734 ol FHEES ZHHAT. The A2 AF8t] &
A G4 NEET EASNGT, SYL 33 sl B

S 2EEAE YETH

ABTS radical scavenging activity (%) =

(1 —sample absorbance/control absorbance)*100

14. SAHXzZ|

EA A 2]= SPSS X 2 713 (Statisical Analysis Program, version
25, IBM Co., Amonk, NY, USA)S o]&35}o], B3t 12w
A2 Gersich 28] 4914 A5S 99 DANARA
L4 (one-way analysis of variance, ANOVA)S A A|5}%0.H,
FO40] = A AFAZOE ThE el H Duncar's
multiple range test)S A A|5}FH TH(p<0.05). AFTA| = Pearson
9] A& A}A| 4 (Pearson’s correlation coefficient)S 0]-8-5}0]

b

= O
o=

Table 2. pH, moisture contents, cooking loss rate and

nipponicum powder

o] Z7igtol wet 1, 2, 3 & 4% H7kEolA 22 5.84, 5.73,
572 9 5722 pH7} RolA|= A aFo] YR Th(p<0.001). I
Eloll A% EYHT LS| pHE SYT A3 55302 7
E] 29| 5855} Yol H7lefo] F71d=5 1€l Q] pH
7 AT AL R BT Cirisium&ol &6t= 2t &9
& 71 FR(Chang 5 2012)°] pHE BYA7IeFo] S7he
of we} pH7} Fadhs AIFS Hol B A9t fARH 2
7 vehget.

A7t WEe] +& F AT Table 29}
B o] +EFFS tHERTolA 53.30%0]3L
A7 o] 9747 £ A7Hgo] S71etel w1,
2,3 9 4% H7FEol A 22k 58.20, 60.35, 60.47 L 62.85%F
S7tte e EAHp<0.05). ol Aldv=E & ¥t
HHE](Ko & Yoo 2017)¢} TxET X7} HjE](Joo & Choi
2014a)00 4] RA| =0 H71Fo] S7kgtol wet wig 9] &9t
ol 7kt et fARE S BT Kye SK
(1996)= ZtE 40 Aoldfe= 83 2gEo] fa F
ol w2t & Zol7F el R ZA%E 2 e A
ol ulFste] YFS 0L skolth EJBFN o
8 Aold 9 & F5Ea 2o 9sto] Ao
T & AoE A Wy Ay A9 7 IF 4
T 2AQY EulAhn 5 2015), S} E2Z(Cho SH 2010), o}&
YoKKim 5 2015)0 A= 8go] HAasts ATFE B

of oo mol

diameter loss rate values of pork patties added with Cirsium

Concentration of

Cirsium nipponicum powder pH Moisture (%) Cooking loss rate (%) Diameter loss rate (%)
0% 5.85+0.02° 53.3043.72° 20.33+0.17° 16.08+0.68"
1% 5.84+0.01° 58.20:£0.58" 21.76+0.33° 16.47+1.18
2% 5.730.01° 60.35+0.88" 18.36+0.50° 15.29+1.18"
3% 5.72+0.01° 60.47+0.41° 17.15+0.40° 15.29+1.18"
4% 5.72+0.01° 62.85+1.24° 14.95+0.22° 12.15+0.68"
F-value 11427 6.56" 212,63 8.54"

All values are meantS.D. (n=3).

“*Values with different small letters within a column differ significantly by Duncan's multiple range test (p<0.05).

e

*p<0.05, “p<0.01, “"p<0.001.
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AL, &3 (Joo & Choi 2014b)of| A= 2] & Q1 2o 7} Ho]A]
ot e} A Al W%e) JRRY, AR EF, A}
FEU AR FdE0] B2 9T mA= Aoz A
ZrEAHKo & Yoo 2017).

3. JIURMEL NHYLE

2YRA BT A7t e o] NAEAE U P ALLS
Table 29} 2t} /HAEUBT ARG BYAT A7
o] Z7hgel uet Fashs TS BATHE<0.001). 7+

EAEY RS 20.33%0103L H7HFo] F7Fol weEh
1,2, 3 9 4% F7HEol A 22k 21.76, 1836, 17.15 L 14.95%
2 A4Skl diEoA 7ol ot A2 Ae &3
0] &4 ol A= AR SAIES] Aold| A
7he S HpAS o M9 ATEE At
HiEglom Higo] 22 17| gto| go} §3-Z 274
Shi= 82lo|th(Jeon 5 2015; Joo 5 2019). WetA] FjE|o] &
FBH A7V S w0l AR SFE EIAT A
ZrEth djg A3 AF+E9] 7HEEAE A9 T E8doo
& Choi 2014a), SXHETH(Cho SH 2010), &3] EH(Joo &
Choi 2014b)of| 4] 7tE&EAHEO] Fadhs B3Fs Hol & A
ToF FARRE o] UERTh
=347 HE Y AFALEE dHETOA 16.08%] AL
A7vgl Wt 1, 2, 3 E 4% 7oA Z42F 16.47, 15.29,
1529 9 12.15%& A3 THp<0.01). €1 £ (Joo & Choi
2014bye A7Het =5 W oA AR xAaE0] H7tgel F

7ol wet Fasto] B el fARG Aut ek,

1=

=
A7 2 3
EEEEE

L9 £

wa >
o2

Fofel 7kg A9 ML Table 33
HES Vel Lghe tio] 6135
H7epol Z7hel et 12,3 L 4%

kg

]

i)

N

o
kI
i

g
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d

A7Vl A ZHzE 46.61, 39.53, 33.69 L 32428 ZHASH= 7
TS BUTHp<0.001). AAEE UYEd= agl2 tRo|
9.510] 1L Z7}=Fo] F7hekel met 1, 2, 3 E 4% H7HEolA
77t -736, -6.85, —4.84 U -3782 Z7}el= AT HY
T (p<0.001), FHEE HeP= bgt ti=<to] 14.240|11 3
7¥go] Skl Wt 1, 2, 3 W 4% F7HEAlA 242 2073,
1533, 1048 I 8.128 ZrASH= AFS B GTHp<0.001).

7tE & w9 Lgt2 ti&to] 57.520] 1L 7ol 57t
Sholl whet 42.60, 35.47, 29.20 Y 27.060.2 FAcH= AFS
HA1(p<0.001) agt2 t=R<Ho] 6.890]31 1L H7}=Fo] F71et
of wet 1, 2, 3 9 4% H7RtollA 42 -433, -397, -2.85
4 -1.742 F7tehe AFS HATHp<0.001). bk R
o] 18.810] L 7ol F7IRtel wet 1, 2, 3 E 4% 7t
oAl 22 20.62, 14.56, 1034, 7.158 7FASH= AFFS B
o (p<0.001) 7}E A3} o] ML7} FUIL HAFS EUch

E9737 ' A7Fgol S71ol ot 7t At & BF
Lt} bgko] ZAsiglet] AlduE H7F 1E (Ko & Yoo
2017)2F HA| Y B H7F =S E|(Ahn 5 2015)0 A F-AF
S BFE BN aghS Hrheo] F71eke] wet EolAl=
B¥e Hil=t FHFES H7F =5(Yang & Han 2020)0f A
T 22 AgE B

7tE A wiEl e} 7tE & wE Y] MEE H|wsklE o 7t
2T LT agh2 2ol bgt2 =oksith &9
T A7 Lt} b Woldlal agh Eobsith
n| = 1lo] oJsf 7tE Aol gt F2 ML FH1
St 3]0 2 W3tsh= o] JFS FUATL A
SEEY A= 60T o] I 7hskAY 24t
qejotd 2|5 171419 pheophyting: /oAl =1L,
A &4 Aoz Aejstd 24 B2 Q] pheophorbideE 43
Sh=dl 180CY] 11204 3 A7 7L 3 A% Mk
FFo] AL AL2E AAFHNo 5 2016).

k=
7

=1
T

1=}
LS

[0 L S o od n@

Wi ;:9' mlo
Rl

o
=2
5
=

Table 3. Color values of pork patties added with Cirsium nipponicum powder

Concentration of

Cirsium nipponicum powder

0% 1% 2% 3% 4% Frvalue
L 61.350.66 46.61+0.91° 39.53+0.30° 33.69+0.51¢ 32.4240.29° 1,237.38"
pﬁgg a 9.5140.35° -7.3620.10° -6.85+0.74° -4.84+0.19° -3.780.21° 3,356.59™
b 14.24+0.16° 20.73+0.54" 15.33+0.45 10.48+0.15 8.12+0.49° 448.25™
L 57.52+0.44° 42.60+1.23 35.47+0.64° 29.20+0.96* 27.06+0.24° 735.99™"
i‘:tll‘:: 6.89£0.33° - 4330374 ~3.9720.64° - 2.85+0.28° - 1.74+0.81° 43858
18.81+0.86° 20.6240.11° 14.56+1.35° 10.34+0.94¢ 7.15£0.28° 135.43™

All values are meantS.D. (n=3).

*“*Values with different small letters within a row differ significantly by Duncan's multiple range test (p<0.05).

ok

p<0.001.
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5. ZX|Z
=974 & A7 59 237 54 A= Table 42}
2t} AL (hardness) S =233 A7} | REL 3,403.75 glem’
0|97 BAAT B Wil Z71%] Wk 1,2,3 % 4%
H7V2o| A ZH2F 4,060.63, 4,833.90, 5473.80 T 5628.90
gen’'® F7kote AeE Hthp<0.001). 1HFRFF £
A7 AROIAE W7ol SRS Awst ZHstel u)
25 AFS HY 3 (Park & Kim 2014), F X7} S7151= 73
o] et o9& BYATG] T Aojee 227
AL Fd5t= B2 W Z(intramolecular linkage)oll 2]k
Z71et Aoz AZEQckPark & Kim 2014). A4
(chewiness) 23}, 2L 1,301.56, F71ES 1,2, 3 E 4%
A7 A ZF2E 1,564.47, 1,968.69, 2,147.22 L 2,198.960 2
S H71eE Fobeke A EAA(p<0.001), A4
(gumminess)= TR 968.05, A7t 1, 2, 3 L 4% A 7o)
A Z¥ZF 1163.22, 1471.78, 1642.53 © 1770352 Z7}ol= A
S HAtH(p<0.01). =4 (springiness)Z} 274 (cohesiveness)

=
2 9159l Aol Mol oot

2 Jm ook

6. ZrSZAt

=947 ' A7t HE o] #sH7F Ait= Table 591 2
o I e 715k B7ket B4 AE B FESE U
ol AAFSEITE M(color)ol] thet 7|2 H7HETH= tix
0] 3.500.2 7HF ka1 2% Aol 5752 7P =9tk
(p<0.001). B4 7}% 7oA M(color intensity) THF 0]
1.83, 4% F70] 7.000.% Ao] &s] MsHSS &
AR (p<0.001), EFEF 179 Mo] 7| kof £2 J7F
< FUAT 3% o) FHE = Mol AUAA A 7S =7t
A A0 gAY T2 EZ(Joo & Choi 2014a)3t &
1] EZ(Joo & Choi 2014b) F7} HE|OA = Al o] H717}
12w £2 FF= vIRAT H7Hgol S7Hgol we o

N

)9,

F(favoro] et 715% BIHATRE G0l 30002
7V BT 2% H7kzo] 5672 71 BUTHp<0.001), B4
7 B7}e] o] F(off flavorys 2%t 3%] A 23302 713
SokT 24 4.8302 7HF EkTHp<0.001). = £
Z(Joo & Choi 2014a) 7} e oA = H7IFol| S5
O|F|7} Aash= A¥E KA =44 A H7PF &7 o]
FHE A2AE 7 Qe 7Fe S B 18y 3% 3
7HEEE J7A 7Y ol AeiA 238 7|3k Rotsth

F(taste)ol] TRt 715 % H7HET= 4% 7oA 3.832
2 7MY RSk 2% H7ROIA 6.082 7MY EUTHp<
0.001). 54 = 7oA EP73FTE A = (taste intensity)=
2o A 1.00, 4%014 6.172= F7Fgo] soldgol wet
S7FeF T (p<0.001). EJHFAY H7PF 2074 = 2 ¥
FE FUAAT 3% RE = EYET 572 gto] 2357 uto]
NZEE AaATlE AoE YehgTh

Z A (texture)ol] et 7| 2% F7HET= 4% H7HEolA
3.000.2 7} W3Foral 2% H7FEoA 5422 7P =9k
(p<0.001). £/ ZFE=H7}+9] thEA(juiciness) 5241 2}
o7} YEFUA] oottt 714 2A7E £45H9S of A7t
o] F71etel wet Ak, WA, A/do] F7ket Aol A
o IdF= FAU= Aol AR

WA Q] 7] X (overall acceptance) 2= 0% 3.33, 1%
5.00, 2% 5.67, 3% 4.75, 4% 3.000.2 2% HA7}LoA 2E &
0| 7MY £& 7125 HAthp<0.001). w=hA SiE Al
A EFET T 2% F7Iste Aol 713 EolH &
AZ FIAE 5 U= 7P Age doE waE I

SlAks} 2
F7EF BT 7t e FAate} S A= Table 63

N

Table 4. Texture characteristics of pork patties added with Cirsium nipponicum powder

Concentration of

Cirsium nipponicum powder Hardness (g/cm’) Springiness Chewiness Gumminess Cohesiveness
0% 3,403.75+240.06° 0.75+0.01 1,301.56+37.58" 968.05+47.68° 0.3940.04
1% 4,060.63+128.34° 0.74+0.02 1,564.47+21.78" 1,163.22427.77° 0.39+0.02
2% 4,833.90+289.21° 0.75+0.03 1,968.69+35.19° 1,471.78+33.17° 0.41+0.02
3% 5,473.80:£562.57° 0.76+0.00 2,147.224278.43* 1,642.53+212.99% 0.3940.01
4% 5,628.90+222.31* 0.76+0.09 2,198.96+23.75" 1,770.35+173.57* 0.39+0.01
F-value 20.78™ 0.85 17.61" 2347 031

All values are meantS.D. (n=10).

““Values with different small letters within a column differ significantly by Duncan's multiple range test (p<0.05).

ok

“p<0.01, ""p<0.001.
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Table 5. Sensory characteristics analysis of pork patties added with Cirsium nipponicum powder
Concentration of Cirsium nipponicum powder
0% 1% 2% 3% 4% Frvalue
Color 3.50+1.00° 4.67+0.98% 5.75+0.75" 4.92+1.00° 3.75+1.76% 7.50"
Flavor 3.000.95° 3.830.72° 5.67+0.98" 5.25+0.87" 4.17+1.40° 13.67
accc(:;i;‘;?ﬁiy Taste 367£098°  483:039°  608£090°  4912090°  3.83+1.64° 10.46™
Texture 4.17+1.40P 5.17£0.72% 5.42+1.08" 4.25+1.14° 3.00+1.35° 8.10™"
Overall acceptance  3.33%1.56 5.000.85 5.67+0.78" 4.75+1.14° 3.00+1.21° 1192
Color intensity 1.83+1.03¢ 4.00+0.85¢ 4.92:£0.90° 5.58+0.67° 7.000.00" 72.99™
Characteristic Juiciness 4.17£1.75 3.83+0.83 3.91+1.31 3.58+0.79 3.58+0.79 0.538
intensity rating Off flavor 4.83+1.85" 3.33+1.30° 233+1.37° 2.3341.23° 2.50£1.57° 6.28""
Taste intensity 1.00+£0.00° 2.83+0.72¢ 4.17+0.83° 4.92+1.00° 6.17+0.72° 86.90"
All values are meantS.D. (n=12).
**Values with different small letters within a row differ significantly by Duncan’s multiple range test (p<0.05).
"p<0.001.
Table 6. Antioxidant activities of pork patties added with Cirsium nipponicum powder
Concentration of Cirsium Total phenolic Total flavonoid content DPPH radical ABTS radical
nipponicum powder content (mg GAE/100 g) (mg RE/100 g) scavenging activity (%) scavenging activity (%)
0% 35.4140.85° ND 10.54+2.69¢ 30.82+1.47°
1% 74.10+11.32¢ 6.63+2.23¢ 49.041.53¢ 46.00+0.98°
2% 97.96+3.54° 32.07+4.25° 66.87+3.20° 61.17+0.88°
3% 117.87+4.67° 79.6149.95° 87.88+1.26" 72.06+1.08
4% 136.64+1.75° 111.37+2.41° 91.39+1.18* 86.34+1.62°
F-value 140.25™ 719.29™ 803.05™ 23450
All values are mean+S.D. (n=3).
ND: not detected.
“*Values with different small letters within a column differ significantly by Duncan's multiple range test (p<0.05).
"'p<0.001.
2t Hm2 AEA0 g8 2xEH0] 9l EtEko|Es DPPH®} ABTS 2tz 4752 Hled &8 99°] 5=

olgigt Zeju|=ol &otn A FU T thst g FE &7 @40l AXH DPPH tHZ £275& 4T
S 7H1 QthKim 5 2012). Q97 A7 e F &2 AT} RS 10.54%013 F7FEe] et 1, 2, 3 3 4%

s S 249 A, 22 3541 mg GAE/100 go] 1L H7VEoll A 22t 49.04, 66.87, 87.88 9 91.39%E Z7}sl=
A7VeFol| whet 1, 2, 3 9 4% F7FEol A 22k 74.10, 97.96, 3Ol YEHEIL(p<0.001), ABTS Stz 4752 x2S
117.87 9 136.64 mg GAE/100 gC & F7Fob= Aol Uehel  30.82%0]xL g7Fgol whet 1, 2, 3 E 4% F7HEollA 242

THp<0.001). 46.00, 61.17, 72.06 9 86.34%% Z7}sl= AgFo] Uehdth
=947 7t e & Eeti ol IS SH% E (p<0.001).
I x2S HEHA R FrEFe] S74el w1, 2, Lee 52005014 EJAHAE FAER FE35t] A}
39 4% HA7RLoA Z7F 6,63, 32.07, 79.61 L 11137 mg AT s AT 9, B, Kot F Yol A 7H Akt EAo]
RE/100 g0 2 F7Fh= Aol Yehdth(p<0.001). Lee 5 =4 S4=UL DPPH Sz &7501A 4747 A RCs
2005014 B34 7 o] SekHo|E T 1330 pgmg O] 33.04 pgmLE 53 FASE S-S RStk B9
O0F =2 S KT £ Ao H7Eztel] $=Fo 3 w2 27t wiE A An il SUHdS ASt
Aol7k foA o8 A UERTH /ol oo Frtste] EJAT L M7t siE
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Table 7. The correlation coefficients between antioxidant
activities and pork patties added with Cirsium nipponicum

powder
TPC TEC DPPH ABTS
TPC 1.000
TFC 0.935™ 1.000
DPPH 0.983" 0.885™ 1.000
ABTS 0.995™ 0.959™ 0.969™ 1.000

TPC: total phenolic content, TFC: total flavonoid content.
"p<0.01

o RIS £ 4 Ae Ao 0474’}?11 e op
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=974 BT A7t e Ak @4 7] A &
A A= Table 73 2t & E9HE T2 ST 0]

, DPPH, ABTSS} =0.935(p<0.01), 0.983(p<0.01), 0.995(p<
0. OI)E A(H] ABBAE, EetH -0]EL DPPHO} ABTS
9} =0.885(p<0.01), 0.959(p<0.0)E HH2Q ATIAAEZ,
DPPH:= ABTS®} =0.969(p<0.01)E A(+)Q] A4 7+ Yt
ST Katsube 5-(2004)01 4 = Ej¥& 2 2z &4
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$3 8 ATWAS AT 9T B AHINE 22
w415 B AFE 200 JBIATE BE 0900 o 0.

E foR R w2 JHEAE HAr 53] E2]¥=t ABTS
o] A4FFAA} 09952 714 =kt wehi] EYAT} e
FHE AU & AF FAE 2L Aoty AYzt=Eh

T v

Q% ¥ #=

2 Ate=
5|1, 7154 ""u‘xﬂﬁoﬂ 23171 93t
o] 0%, 1%, 2%, 3%, 4%2] B4 LL-g Hrlst
71 WEE Azt FLEGT FAbet B82S 5
e Y] pH= EY4T £ A7l 37145 F4st3
A(p<0.001) SR 71l Tt F718t T (p<0.05).
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