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Abstract

This study was performed to evaluate the effects of adding aronia powder on the antioxidant activities and physicochemical properties
of pork patties. The patties were prepared by adding 0%, 1%, 2%, and 3% of aronia powder. Water and ethanol were used to extract the
antioxidant compounds from aronia. Total phenolic compounds of the water and ethanol extract of aronia were 164.55 mg/g and 221.08
mg/g, respectively. The total phenol contents and DPPH free radical scavenging activity of patties were significantly increased with the
increasing amount of aronia powder. Moisture content in control group was 60.61%, and it was significantly different from the aronia
powder groups. The cooking loss rate and reduction ratio significantly decreased with the increasing amount of aronia powder. The
hardness, chewiness, and gumminess of the control group were lower than those of the treatment group. In the sensory evaluation, the
addition of 1% aronia received the best score in appearance, color, and overall preference. We suggest that aronia powder may be a
useful ingredient in pork patties to improve the quality characteristics and antioxidant potential.
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ol2UY oK dronia melanocarpa)= EHZAH <
chokeberry)2tal E2]™ EH4FSHA-8{(Lim JD
&(Malik M 5 2003), &Fi(Jankowski A 5 1999),
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B Aol AHEE ol2Yolkes AE FHAA 2012
8Y a3 S AHst HAZ-ET3ste] 40 mesh EF
Aol W' o Ee]ollgal wlel] Yo -40°C deep freezer
(DFU-128E, Operon Co., Seoul, Korea)oll R#3sIHA A}
gtk £ A3 AHEE =52 U4 SoedE
4oColA ¥4 Ryt RS o] gst o, Ay A x2
< AAT F THS7)(Meat chopper, M12S, Hankookfujee
Industies Co., Gyeonggi, Korea)Z 2f|3le] ARE-3}3Th
FAEE AHES o =ULh, thFfGElE AE, ),
ARALAE, AL, ), 25GIE, AL, 3=, vks
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Table 1, The mixing ratio of pork patties added with aronia
powder

Aronia pork patties (g)

Ingredients

Control 1% 2% 3%
Aronia powder 0 0.9 1.8 2.7
Pork 90 89.1 88.2 87.3
Salt 1 1 1 1
Black pepper 0.2 0.2 0.2 0.2
Sugar 1.3 1.3 1.3 1.3
Garlic 0.5 0.5 0.5 0.5
Soybean oil 2 2 2 2
Onion
Bread crumb 3 3 3 3
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0%, 1%, 2%, 3%2 Z7}sto] sjEE Azttt 243
=59 BAS= ¥57](model K5SS, Kitchen Aid Co.,
Joseph, MI, USA)ell Y1 2@o 2 587 383 & 70 ¢
A &8st AF 9 emet T4 1| emE A F 3t 3+1°C
o] WAl A HA3IY T 180°CE d¥H 2E(G-501P,
LG, Seoul, Korea)oll Al HE|E 1587 71Eds & A3
ANEE ARSI

3. FEE M=

olzZyo} B | gof| ethanold} SHFE 7+ 99 mLE
7}kl shaking incubator(SI-900R, Jeio Tech, Kimpo,
Korea)oll A 24417t 5<F 20°C, 100 rppm 2082 23
% o]3(Whatman NO. 2, Whatman International Ltd,
Maidstone, UK)H-& AR8stAth 71Es 3]l 10 gol
ethanol®} S/5E ZF 90 mLE 7}38}al shaking incubator
oA 20°C, 24AI7HE?F 100 rpmlZE  FET o3
(Whatman NO. 2, Whatman International Ltd)2}-2- A5}

o2 ARSI
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F ZYds dFE Folin-Ciocalteu S 383+ Swain
T} Hillis WE(1959)2] Rl &3l 43t =
E 150 pLell S/ 2400 pLe} 0.25 N Folin-Ciocalteu
phenol reagent 150 pLE 7}t § 383 ¥HSAFS ©]
£Ho] 1 N sodium carbonate (Na,COs3) 300 uLE 7}5}he]
anol] 2412 WAAIZ B 725 nmoll A FEEE 3
Sttt EF=EZE gallic acid (Sigma Chemical Co. St.
Louis, MO, USA)E AH&8ITE s AT & &
ZYHE TS mg gallic acid (mg GAE/g)o.Z 33] vt
Ealo] AL PAF o= YeERAIT

2) DPPH ZiC|Z AMs =X

DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical®l] Tt
F 227 E3= Blois MS (1958)2] ol F3le] =43}
t}. %% 800 pLol DPPH solution 200 pLE 7}5}ke]
1 ohs A29] Aol A 3083F WA £ 517 nmel
FHEE SHSATE AEE FUPeA &2 dE2TY
= &3t PSR Yehlglon, 33] vk 4
o 4 AFE HHe Fo= etk

DPPH free radical scavenging activity (%)
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= (1 -Sample absorbance/Control absorbance) x 100

3) PH &3
w71 A e pHE AR 5 g& T7FT 45 mLo &
7 10,000 rpmol A 3023 #&3IAZ1 & o I (Whatman
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NO. 2, Whatman International Ltd)3+ ]S pH meter
(F-51, Horiba, Kyoto, Japan)Z 53] QFE- ZA3}e] HF3k
I FFHAE YERRATH

4) T2

7HE & HEHY FEFFS AIE 1 g& HoH TS
] 7](MB45 Moisture Analyzer, Ohaus Corporation, Zurich,
Switzerland)& ARg-ste] AR or 7zt AL 53] gt
Ealo] AL Py ZFHAE eI

5) JlEaNg, MBULE 5

Cooking loss rate (%)

Raw patty weight (g) - cooked patty weigh (g) 10
= X
Raw patty weight (g)

0

AAgase F7 A AYe A4 T F e
AL 248 F 7 Aolo] @ HlgE ST 2
Age 53 wE 24T

Diameter loss rate (%)

Raw patty diameter (cm) - cooked patty diameter (cm) .
= X
Raw patty diameter (cm)

00

6) Mz =X

HEle] 7t A $9 M= MEA|(Colorimeter, CR-
300, Minolta Co., Osaka, Japan)E ©]-&3}4] L(Lightness,
HT), a(Redness, ZA %), b(Yellowness, A x)e] AT
= 33 HHE 243 & HAge®E eI o] df
ARE-SE £ A F(Standard plate)e] L, a, b a2 24z}
97.26, -0.07, +1.86°] 1t}

7) 2L £F

7td & gl ZAZF2 Texture analyzer(TA-XT2,
Stable Micro System Ltd., Haslemerd, UK)E AF8-3t] 7
S(hardness), EHAd(springiness), %3 “d(chewiness), A
(gumminess), -3-7“J(cohesiveness)S YERIATE AlEE
72, A2 15 mm, =°] 10 mmZ 3} 2™ round probe
(75 mm diameter)E AFE3IATE BAFALS pre-test
speed 5.0 mm/sec, test speed 3.0 mm/sec, post-test speed
5.0 mm/sec, test distance 7.0 mm, trigger force 5 gO =
stack 24 AlETEE 103] W S5t HAgd &
F=AztE YER AT

7td z29 dgeo WA 2089 AARHES
e m A3Es 9 Prigtasd &) d¥sta #s
H7He AAsIET BE Algse sAlO At 78 A
EHo R AEARS HUISIES sttt &g =719
g E 4 Zeoldal 138 Al ol AlFstR
gAY ANEE Y1 T 22 A7 § BURHES St
Aot &R 7|55 HrRHES HAHEERQl 7] S % (overall
preference), 2] ¥Happearance), (color), ¥U|(flavor), Bt
(taste), T2 Z(texture) 2.2 wj-¢- Zt} 73, w9 dth |
Hoz 3193, EAMEY HrFHELS tEA(juiciness),
o] (off flavor), o}ZYo} Bl ZrZ(taste intensity)S o}
7tttk 74, ol oFettk 15202 ST

9) SAIXz|

BE A8 FAAE= SPSS 21.0 (Statistical Package
for Social Sciences, SPSS Inc., Chicago, IL, USA)& ©]&
sto] Pt FFEAE FEkATh A4 AR 1 9
A AFE 8ke] EAHEA(ANOVA)S AAEom, A
ST A4S 2 Duncan's multiple range testE A A|S}FH T

Slimestad R 5(2005)°] W2H o2y o}e] ]| &2
chlorogenic acid®} neochlorogenic acid®] T oAt}
olZyo} 3 ol2YolE Hriet dEle] F HEsE
E L Table 29} Fig. 19 AAEATE ol Yo} &
of & dA=gdE dFld = FEEL 16455 mg
GAFE/g, olgh& 252 221.08 mg GAE/gC. 2 ZHH Y
ot wlgFe TR EEAY E 9 dEEFEEA
Z}+7} 3336.92 mg/100 g, 3306.83 mg/100 g O = e}
WYThKang HH 2009). & FEE2RT A& FZE004
o 2 F HEsdE s U] 2 AT A
gt AEgS Aok

sfEle] F HE S ofZYol BT HIFF 0%, 1%,
2%, 3%°l Wt olgkE FE2 77 46139, 735.28,
951.48, 1121.76 mg GAE/100 g, & FE2 480.19,
578.61, 895.28, 114435 mg GAE/100 gO.2 fejzlog
Z7FIAtHp<0.001). ¥ ZEdE FFS =7 g
Hlal of2uUo} 3% H7ig sfE]7} oF 2uf o]de] s

S :‘m
Y

Table 2. Antioxidative activities in aronia powder extracts

Ethanol Water
221.0842.03 164.55+4.76
DPPH radical scavenging activity (%) 61.15+0.46 43.92+1.62

Total phenolic content (mg GAE/g)
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Fig, 1. Content of total phenol of aronia powder patties, Different
superscripts (a~d, A~D) indicate significant differences at
0<€0.05 by Duncan's multiple range test,
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Fig. 2. DPPH radical scavenging activity of aronia powder
patties, Different superscripts (a~d, A~D) indicate significant
differences at p<{0.05 by Duncan's multiple range test,

Bt} ol2Uo} Buke Hrlgk 2w = Zalds 3
ZF A thET7) 28.38 mg%ol il ofZYo} Bt Hrl
£ 3407 ~94.07 mg%Z ofFZYo} & HriEgel uwheh
FojA oz ZIstAttal 3k TtHYoon HS 5 2014).

2. DPPH 2iC|Zt AHs =3
obuo} Bt} ofzijel B ke EsEel

DPPH 2}tz &4 ol thet A= Table 29} Fig. 291
AABFFATE olZ Yo}l E2e] DPPH )z 47%5-E 100
pgmlL FFoAA A FEEL2 61.15%, SHT F==
< B3.92%E SAHASG. WA & FEEL 2.0% 50
A 7 AT AAEes S48 Bl vbdel WA wE
& FEEL 0.1% FENAE 90% ©de] AAgAs &

< B, 1.0% F=NA 7 E2 DPPHEHZ 47
A4S HATKHChoi PS 5 2013). o}EUjo} o & S

D 5(2014)°l] =W ofEUo} FEEFL TE HlgF B
ot oF 2uf, ofZYo} QIEAlOII E8ES] 79 TE H
25 2ot oF 4u) o]ie] =2 gitsl &8 BT of
2Yole] 3t kst A4S 1 5 AT

ot=4o} 3jE]e] DPPH @)z &A% of2Uol &
F A7 O 0%, 1%, 2%, 3%E Z7Fgel wet oek
ol A= 12.04%, 37.50%, 55.64%, 75.40%= LEFRFO
T FEL 5.8%, 37.89%, 55.33%, 82.98%F O}Z
tegF Z7te mel feldom F718FA Tthp<0.001).
T FElol] Hl3)] o&E FEEL 68, THT FEE
2 144] A SAEHATE olZYolE MU HxEL
DPPH®} ABTS 2HHZ A oA oz ujo} B 3
ol 1~3% FEAAAE kst o] IA FUlsitirt
5% HA7trsolAde 715l WA Ueigtal stk
(Hwang ES$} Nhuan DT 2014). ¥37F7} 36.36%=Z 7}
2 wror, of2ujol B 1% H7F A7|H-E 53.25%,
3% ZA7F 2719 61.64%, 5% 7t A71HE 65.82%,
7% 7} AA71E L 71.23% 2 ol Yo} B Uil &
18-S folFow VIS BHoy B Ael e A
< H{KPark EJ 2014).
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3. OLZLIO} THEIS] pH, 2513, JtHaMg U &
Z47IA 2
(=X=FOr=1

ofzuo} &S AU el pH, TEFE, 7FEE

] & Table 33 2t} 7}2 A sjE]lpH

T ol2UYol &% FUbEF FUtel wet wobd 515~
56602 7+ A27F o] AQl 2o]lS VERATHp<0.001).

Table 3, Quality characteristics of pork patties added with aronia powder

Aronia pork patties

ftem Control 1% 2% 3% Fevalue

Row patties pH 5.66+0.14"" 5.53+0.16" 5.36+0.09° 5.15+0.10" 98.39"?
Moisture content (%) 60.61+0.67" 58.99+£0.74° 59.34+0.51° 57.32+0.44° 14.98"
Cooking loss rate 19.22+1.44° 20.81+1.08" 19.92+1.22° 24.41£1.01° 17.76""
Diameter loss rate 12.50+2.17° 12.55+2.19" 13.85+2.64 15.57+2.06" 554"

" Different superscripts (a~d) in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.

2 wkip<0.001.

Al Ex 2|58 2] A 318 Al 15 2015)
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olZ o} H7} A k= A%9] 7§ 27+ pH 5.45
5 UERA dH, of2Yol BT 1% H7F Al 5.24,
3% F7F Aol 5.02, 5% F7F Alelle 4.73, 10% H7HA]
o= 424 ofF o} BT HUIEFe] FUte] wet pHE
7+t Yoon HS 5 2014). ol2Yole] pHE H3
OF 346~3.60% P& pHE Rl Fo¢lthKulling SE
9} Rawel HM 2008). oF2Uolol|= f714F 5 Zak(ealic
acid), AR Hmalic acid)® A 4HK(citric acid)S X331l
Ao ArtEFe] F7HE FE pHYL AT AR A7tE
thSojka M % 2013).

o2 o} EHo] & HEste] Axg xE|H FHEC]
FEEF SHAY o2 olEs HUIeHA &k HE S F
THFL 60.61%°1 ™ Hr7hegol meEt 57.32~59.34%
Aashs oA AaE UERITH(p<0.001).
olz Yo} mjE]e] 7} & A TAES ofZ Yo}
B HArbe] SRS o8 02 FT s tH(p<0.001).
o] 7FEEAES 1922%A 3, otkZYol B 1%,
2%, 3% H7FE 2 20.81%, 19.92%, 24.41%5 UER
o} ol2Yo} el AATAES 12.50~15.57%F ol=
Yol 7teko] S718r5 Frletidth. A4 4AEL &
AFe 7tE o] oW HAAH EAW ol SR
I Aol AAFOEN ZAZ ReY, AW BAES
ABHAIA 71530 F84 dFE vAA ErhHasibe T
5 2010). Winger RJ2} Fennema O(1976)°l] ¢J3td 7}
e pH7F FE5E, 719 257 524F, /HdEs
7V LESE, JtEAIZEe] AE, A5 Y FHe
H&o] ARFE 7tgdto]l Frktta syt ol2Y
o} H7teFo] S/ E pHYF YrobA 7HE i A4
ago] Frhettka AT

4, Mz =X

okzuo} sfEle] 7} AFe| M ZHATH= Table 4
o} 2t} sjEle) BEE JEhiE Lt olmuo}l B
AVgo) N4zl A ANEE folHo T
sto] A olFAAE A i =z dEE W

Table 4, Color values of pork patties added with aronia powder

[e]
= .
ANEE s aghe e

2 A
Zastgieh ol olEujole] o] gl
Z

2 Ao
GEAOP Ao o3 ZloR WAATHZheng W
Wang SY 2003). 100°Col|lA 71Eg 9= AFEAoP
A zo] 3397 FA438] UERY 1507 30030 7 HstH A

ofZuo} A 7hdshr] el wisl 24 60.91%%)
79.63%% 743t tHHwang ES®} Ki KN 2013). 52
Azd ofZ Yo} BEe] AT = 224800 O F &
5 40°C, 60°C, 80°CollA A&t 7+ 8.37, 10.30, 10.55
2, 250 o3t ofmYo} A4 ZHAE RIS & U
Thil 3 th(Horszwald A 5 2013). =& e A A
AMT7b ZHad A JFEAoRd MAart doll ofste ZF
2E 7] wEoleta Bz

FATE Yeil= bk of2Yol Ere] FHUgo]
7HEeE 28 A dEe dasta z8 F 718
. =8 A g Ax A 2ol of2YolE HIgE
Juby} A7|H o] M olZujol BaS HrldEE o
of FAETL FoF o A Yelgty, AMEE Ut
3= 7o) AtkPark EJ 2014, Yoon HS 5 2014). & 2
i IR R F2E HUHe 719 HEE HUFl
S/t E AMETY HAadtal =T S7FsFE THIoo
SY2} Choi HY 2014a).

b 1> Lol

A7V e vzl vs] feHo s Egkon,
3% HA7FOA 7 B8 AEE YeRiL ol2Uol &
o Hrbeol| weh WA (p<0.01)3 AA(p<0.05)0] F<
oz Frkettt £ A7 A= FASHA ofZYo}
£ A7 AEZEL tlxFol niE)] olz2yol B U}
Fol SUHtel wet Ax, JIA, "o S8R
&3 B4e Hrie dECME &3 B8 Hybgel o
2t A, A, HdAol frfdez F7skH thHwang

Aronia pork patties

Item F-value
Control 1% 2% 3%
Ro L 60.99+0.76"" 45.70+0.41° 42.02+0.52° 39.38+0.52¢ 2678.16" 2
W sk
i a 12.35+0.71° 16.510.33 16.00£0.30" 16.2020.44" 139.60
patties b 12.1040.67" 3.25+0.19" 1.0940.23° 0.14+0.14° 1683.43"
Cooked L 58.75+1.01° 61.37+1.34° 63.73+£1.95 65.90+1.46° 42.88""
O sk
o a 5.89+0.24° 5.68+0.54 5.41£0.37° 4.97+0.32° 10.44
pattes b 13.1340.40° 12.6342.70° 15.08+0.52" 17.2240.42° 27.63"

" Different superscripts (a~d) in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.

) wxp<().001.
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Table 5, Texture characteristics of cooked pork patties added with aronia powder

Aronia pork patties

Item F-value
Control 1% 2% 3%

Hardness (g/cm’) 5,068.33+302.76"" 5,210.414646.43" 5,363.96+612.36™ 5,559.19+297.75" 2487
Springiness 0.90+0.16 0.90+0.17 0.89+0.18 0.900.17 1.46
Chewiness 2,385.55+193.55" 2,445.13+383.35" 2,463.70+305.16"™ 2,653.95+219.05" 227"
Gumminess 2,654.57+206.96" 2,723.29+398.27" 2,759.49+320.97" 2,936.26+218.60" 223"

Cohesiveness 0.52+0.27 0.52+0.27 0.52+0.30 0.53+0.28 0.594
D Different superscripts (a~b) in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.
2 #5<0.05, **p<0.01.
Table 6, Sensory evaluation of cooked pork patties added with aronia powder
Aronia pork patties Foval
-value
Control 1% 2% 3%
Overall preference 3.46+1.50"" 5.08+0.95° 3.85+1.51 3.92+1.55° 3207
Appearance 3.43+1.50 ° 4.86+1.61 ° 421+1.42" 4.14+1.29" 224"
Consumer Color 3.07+1.26° 4.93+1.59" 4.00+1.61° 3.86+1.65" 3.42"
acceptability Flavor 4.00+1.42 4.77£0.92 4.00£1.29 4.46+1.71 0.96
Taste 3.57+1.39 4.7141.58 429+1.38 4.29+1.48 1.46
Texture 3.64+1.33 4.71£1.48 4.07£1.59 3.64+1.44 1.66
» Juiciness 4.79+1.18" 436+1.21% 3.93+1.77" 3.50+1.74° 1.89"
Characteristic
L . Off flavor 431110 3.92+1.11 421£1.42 4.08+1.49 0.22
Intensity rating . . ¢ b a 2 .
Taste intensity 1.85+1.02 3.00+0.96 4.79+1.05 5.07+0.99 31.79

" Different superscripts (a~c) in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.

2 #p<0.05, ***p<0.001.

ES9} Nhuan DT 2014, Joo SY$} Choi HY 2014b). S5
A3 &) A= 7oA AolE Kol Ut Song
HI 5(2000)°l W29H SAFe] 2272 A3 7 &
% 859 HH, F7HEY FR, JtEeRdd iE o
Ao W A= T ohFs a]lo) wel deEbich

6. EHsAAl

ofZuUo} e 7|55 EA7EE Table 67 2Tt
2H7 7|55 HARF EAGE AR HRER] 7|55, 9
A O54A, ol=uot B oA {olH]l AolE
UERATE ARkARl 7S 5eA ofE Yol & 1% 7
e 7P & H5E Bom izl Hlste o}
ZUo} 71k e 7ExrF w3tk EAAEAAE
ol=Yo} &g HrleFo] 7S glo] AeiAal &
o] Z+AEE AFE d9T o]FH o= Hae w|x|A] &
St} ofEUo} B HUteo] SIS E dH e S
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