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Abstract

This study identified the physicochemical properties of Korean black goat sausage with Aronia
melanocarpa (AM). The physicochemical properties were investigated by measuring pH, color,
cooking yield, thiobarbituric acid reactive substances (TBARS), total polyphenol contents (TPC), total
flavonoids contents (TFC), @, a-diphenyl-j-picrylhydrazyl (DPPH), and metal ion chelating. The pH
was decreased with increasing AM contents and storage period. The after cooked redness significantly
increased with increasing AM contents while lightness and yellowness significantly decreased
(p<0.05). The cooking yield showed no significant differences with AM contents. The TBARS were
slowly increased as the higher AM contents added. The TPC and TFC were significantly increased
with increasing AM contents (p<0.05). Also the DPPH and metal ion chelating of AM treated samples
were significantly higher than the control (p<0.05). Based on these results, the most suitable ratio
of AM for manufacturing Korean black goat sausage is 3%.
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1. M 2

HA(Carpra hircus)yi= ARTAIFOA Wol AZE= 715 5 SIUE, ARyt oz 59 FAE
9 ofzo] AU 2 Holeh 548 23 UekKim e al, 2019), ol AHOE o) Pk
A AIANA ARSEIL 9lom, TRt A9 2ol A-33tol et iRt F50] YEhA =3Itk An
et al., 2024). 71 % ZHA(Capra aegagrus Erdebeny= AAl SA WIS 714 E2F0F AofA
7P B 02 ARZED lom, B, B9, A, A A B Al ATt TSt
BA\510] 58]0 SlckKang e al, 2021). ST T AIGALE 4% S5} el Aol
Ao} & AAkFo] Wil 11 o] §71A|7} Yo}, oj#et TS Bt gl dvt SA4AVF O Hol
ARE| T QIEHKim ef al., 2020).

SN SUAE A7 FRA] S 8% 4SS Edso] 9 YIHECR AT,
crlro] A} F719HE QEHKim e al, 2010). J4 T719) SHE T 483} 2, vk
ARE g T 17 2} 549 QA FHT U Aol BHOT, U8 A BEEE
wre HolekKim e al, 2019). Tg R FA40] W] TRIT AT wlafslel, T AL
4 4 =5 W7 e 53500 Bls) AlARC)A] Eohal, =5E S84 11719 A Wk Lee
et al. 2000). 010] SF4 T7]0] PG BUS T Aol AR WA Whslel A871EAE
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2 sl A7) o Ao} ghtMukherjee et al., 2006; Gadekar et al., 2014; Lishianawati
and Yusiati, 2021).

o2 Yo 4ronia melanocarpay= A7 6.2~6.5 mm F7]9] Eolq|2}7[7} FUAAQI HIZ&EE, A=
% e 1% 71FY] FEAJobd(anthocyaninyg 3RF-0kaL Q= o] EXJo|thHwang and Hwang,
2015). E3F ofmHote] 8 AJE2 HalHH(pelargonidins), AP H(cyaniding) ¥} 22 &5
SRIEEE =2 gtF 475, ks, s Uehdio] I3, I FHE7] 5 st
7164 A3FE0] SlHiJang er al., 2018). o2t Bttt Ba5ol® 75k, of=YoRs £/ B
AlgE df 2o I A= o] 85| Hiks 5, BT, A, A, oRl 5ttt FEHE 7H5Eo
2851 rh(Hwang and Lee, 2013). o]o]] ofZUok= S0t o] Fej= A, ik, oy
2] & TRt Ao 7o} AE JFgE o] FARE SAIEC] H7IRE AT =5 HE, FHolE
5 1 A 9 et s Ao|thKim et al., 2015; Yun et al., 2015; Hwang and Thi, 2014).

TEpA £ Ahs g4a1719] B84 S215 fl6f ofmyot #iig VIRt danr] AARE Al
Zolo] kst @A 48 S5 2465

1. Mz & U

1. A= H AAX] HIE

2 Aol AR 4 Arhl(Gaon, Gangjin, Koreay= =5 5 244170 Bt 212 U313,
3mm plateS 25t grinder(PA-82, Mainca, Barcelona, Spain)S 0]-85}] g4 dte]9} =8 54
< 77} Eafisioitt. AR AR E4RE da ATFE(60%)2F =5 SA20%)°] H920%)E bowl
cutter(K-30, Talsa, Valencia, Spain)Z 4527t 12} AJ&SH &, A S50l dis] & 1%, opdAY
(nitrite pickling salt) 1.2%, SFAIRE 1%, o}=U o} E2i(Seoulmilk, Seoul, Koreay 2|72 22} 0%,
1%, 2%, 3%X] Z71510] 4527t 221 AFEsiSit). 2% AR 2= 10T o[ o= dA] s si3ial,
Ado] By G388 HH =0 EH7|(EM-12, Mainca, Barcelona, Spain)2 %7435}%] cham-
ber(10.10ESI/SK, Alto Shaam, Menomonee Falls, USA)°f|A] 80T Ol 4087t 71 & 10T oA 2087k
BZeiit. Alxet AR ERolgdl Wof| Hatsio] 4ToA APdshAl Ao ARSI

ol

E

+

oL,

2. pH &4

pHE= AR 3 ¢& A3, T5 12 mLe} £¢5}o] ultra turrax (HMZ-20DN, Pooglim Tech, Korea)
2 8,000 rpmOf|A] 157t #-235t 3 pH buffer solution (Suntex Instruments co. ltd., Taiwan)© & X7
H f84= pH meter (Model S220, Mettler-Toledo, Switzerland)E ©]-&sto] =45}t

3. M- =H

A= colorimeter(CR-10, Minolta, Japan)S ARE5to] Alm TS| I (lightness)S UER =
CIE L g, A% (redness)S YER = CIE a” 3k 121 A% (yellowness)E LFERHE CIE b S
225199tk ojufQ] FEMLE CIE L' ZH +97.83, CIE a° o] -043, CIE b™ ko] +1.9821 W
HETS ARESISITE

4. 7lgag =4

A A 9K T AR SYslo] 7lege Aelel %z Al

7td & FA (g)

Cooking vield (%)= —ror—5—= 3o

x 100
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5. gitst 2y SHS fhet ME FE

S el AR 3 ¢ T S5 15 mL & E31519] ultra turrax 2 7,000 tpm Of| 4]
20 & B9 waste] Y41E2]7](Supra R22, Hanil, Korea)Z 4COJA 3,000 rpm 0= 10 591 L4
At YAEESE 32552 filter paper(Whatman No. 1, GE Healthcare, USA)Z ojT}5}o] A%

6. Total Polyphenol Contents (TPC) &3

Z = SRS Lee 5(2020)9] WHE #8510 245199} 229 40 4L} 2 N Folin-Ciocalteu
$90 50 (L8 EFSH0] 38 T WA T 20% NaCOE 800 4L ISHT, W Aekefod 37C
QHAlo A 3057 HRSAIFTE HRS- & multi-mode microplate reader(SpectraMax iD3, Molecular

Devices, USA)E ARE310] 760 nmollA] =S S5t9Th Garllic acids HEEHRE ARSI
Aaot YT HOE HA T AL RETHOE F WEFRES ARSIl

7. Total Flavonoid Contents (TFC) £H

2 EHEL0|E TR Lee 5(2019)9] B Z-85}0] =319} 22N 100 1Lof diethylene
glycol 1 mL2} 1 N NaOH 100 pLE E93t thg, W& Apgtsto] 37C HAo|A 1A ¥ESAIHH.
Yk & multi-mode microplate readerE ARES}] 420 nmof|A S EE 27519t Naringing ¥5
E4E AMgolo] AEQ} FYe Ao R B & L g oR F St olt RS ARESH

ALt

8. DPPH Free Radical Scavenging Activity &3

DPPH Free radical 2752 Kang¥} Kim (2022)2] B'H-& &-83lo] 45194}t 359 | mL&=
Hlgk&o] 835t 0.2 mM 2,2 diphenyl-1 carboxylic acid 1 mLe} &5 1 mLE 2315101, 429
Aol 3087F BFSAIATE. ©]% multi-mode microplate readers ARESIO] 517 nmoA S LS

SA5to] o2t 22 4 Eoto] WEEE UERAQ.
DPPH radical scavenging activity (%)=

NE FAATY FYE-NE AT FRE
A FAbEe] B4E

9. 340|2 Chelating Activity 53

F4:0] L2 chelating activity= Jeong 5(2020)2] H'HE AL835lo] 245190 =25 500 xLoj 2
mM FeCl, 50 L, 5 mM Ferrozine 100 pL, oE-e 3.2 mLE &35lal, A-29] FAlojA 1087t
HESAIZ L ©]% multi-mode microplate readerS ARSSIO] 562 nmoA LTS 245t th2}

22 A Boto] WiESZ YeERYQITE
Chelating activity (%)=

o e B
A

| Lo
]
::‘,
i
5
il

A

10. X[AHHE(TBARS) 4
A Kang 5(2022)9] W 8-831o] 25igick Ho10) u7ha) 29iersn S g, 10%
PCA €9 12.5 mL €} 0.3% BHT 200 uL & homogenizer (AM-5, Nihonseiki, Tokyo, Japan)Z 10,000
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rpm Of|A] 1 B-7F 435} filter papers No.1 (GE Healthcare Life Sciences Whatman™, Chicago, IL,
USA)ZE ojZs9ith o]% off}l 5 mLE 0.02 M TBA 5 mL 2} &35l 100C waterbath
(JSWB-30T JSR, Gongju, Korea)ol|A 10 7t ¥-S-AJF T Hko] &% & multi-mode microplate
reader (Spectra Max iD3, Molecular devices, San Jose, CA, USA)Z 532 nm oA SHLE Z%5}o]
mg malondialdehyde (MDA)kg °& AM=5}9t.

1. EAXN

A9 Avk= A4St 39] o] HHE AR AASe] B7IEQI olF FAAE Ze
SAS(version 9.3 for window, SAS Institue Inc., USA)E o|-gslo] A¥E B3ty EEFHAE e
W20, one way ANOVA, Duncan's multiple range test= Z}Z9] EAJo] tjsf 8291 ZJo]7}
SheAlg BT

n. g9 & u3
1. pH, Mz
o}zulo} 2 7}ego] WE S 241K pH} AL Table 19] LeiSIE. phis ofzzujop
B i) SIS GolHon Aashe ATS URAROm(p<005), T4l webi E
Aol A 1528} 257} 0T FojA o' T 2 Hth(p<0.05). Kim 5(2015)& otzHof
IS =5 wieo] A716igE ul, d7kgol S7FeE pHYt Aottt Barsto] 2 et
AR IS HERSIT ARb o= ofzYok= 3.96-5.18 22| W2 pHE FAJskaL 3lom,
2 A7l olzo} 1.9] pHol ofs) M1k E71o] W pH A7} eRt Ao® Almect
(Petkovié et al, 2021). HU| Bk Ho] AT Atz 4 ol 29| a7 ofete: Aol
olol wet A ko] FAIERE 2 pH Aol UehiX] HerBreda e al, 2012)
Alirezalu 5{(2019)& TIfel 250] AZHEAZS A80| H7lstolr AR7|7t) W} pH7b 7H4s}
L Y9107 BAk(lactic acid bacteria)yS U0, WAL LA #A7|7t0] Z7I5to] whe} JAlF
o 47} Z4alA E7, 12 ol pvt BashA] Heka B siel
WES} PUEL ofuol B Aol ZAeE GojHoR sl AFS B
(p<0.05), AM = ofZ Lo} B 7o) S7IdE S7I5ks Be UEII: Kim 5(2015)
ofuo} Bk £ uiElo] Flelh W, Bleol S7H4E e FwE st AN

Table 1. pH and color of Korean black goat sausage formulated with various levels of Aronia melanocarpa powder

Aronia melanocarpa powder(%)

Traits
0 (control) 1 2 3

ow 6.27+0.05** 6.04+0.01°* 5.94+0.02°4 5.81+0.01%

pH 1w 6.14+£0.01® 6.01£0.01°8 5.91+£0.01°8 5.79+£0.01°®
2w 6.11£0.01*® 6.00+0.01"8 5.90+0.01® 5.79+0.01%"

CIE L* 76.68+0.22° 65.58+0.35° 57.73+0.23° 51.46+0.43¢

Color CIE a* 5.50+0.01° 5.43+0.12° 6.15+0.10° 6.83£0.15"
CIE b* 15.35+0.11° 6.78+0.11° 4.3340.19° 3.44+0.32¢

All values are mean+SD.

*dMean in the same row with different letters are significantly different (p<0.05).
ABMean in the same column with different letters are significantly different (p<0.05).
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2RIt Busigla, Be AEeAE 354 0E Higel 37K wet 22 23S Rl
31 5315J0] frkLee and Yoon, 2016). o= okzUjolrt 3t Gl QEAlohde] G e
A0 ARHw, FEAORIS 584 Fehuizo|S AAz A4, 24, AL 53 glol] Frh
X%o] Mmo] 3L o) ACkT HIEK Yoon ef al, 2014). 53] olZio} B A% A FAAE
S A8V HE GEAE WEcH e ANES s A%S ekl st 2 ape] A48
5 ofuo} B FAAL WL A831o] A5 Aol tho] Bk o] 2 ok w3
0.8 BEEIKHorsowald ef al, 2013). webd ofzUlo} 2ol A7k AMES Al | a3t
9 Zlo% Powe, AgAon A WA 189 Tisdol 9 A

2. J1E+E8

Fig. 12 of=4o} £ A1l g 4 2AX9] 7Hpas 5799 Aol okzyot 232
A71ge] we dixyet Aeis 9] 7HdaeS 7oAl Aols HERiA] eoltt Choiot
Lee(2016)= QFEAlORd & oL, £ A M9l R& hof 222 24 =80 AIsi9lE
), 7hEgols 71l mhe FoF Aol gintal Harste] B e fARE AFE el
o} o= Aed 28] g AERes, Hd, 7|EA 53 Z2 AolRo] ot AR VM=
Aol AT = Sle = E AP AEE AokE 720 9 HEAA MESkE S5
A FE AGAA oleh 22 ATE Bl A 0= ARHTHKumar ef al., 2024). B PahT7le th2
539 ASHEY HapFo] w2 |, ARAH off AEE VISR a9 Hapge of
45.8%0°]3L, 211712 oF 19.8%2 HilE]o] dms AA9] Hapof 7IRlste] 23 AFe 7Hdar&
o] REH O Ao] W] i AR AlREtH(Karakaya ef al, 2006). TrebA ofEUol 29| 7t
= AE] 7Hdpgol] 9 IAA ok SUA 2R AR Al PgHOR FAAQ 5IE &
+ 2 Ao wod:

3. TPC, TFC

Fig 2% of2jol B Wrlelo] BE @4 44140 & M Felt & Sehuols geke
245t Aol B AZolA WA o WARH, v dke S} B2 ool Al
o] oiglol, Wi Telol Wt DPPH, FRAPT 2:e AIShs Algle] AnE o2t 4 9t
(Wan Yahaya et al, 2019). % 1) §ek2 ofzjo} R Hlego] Z713k4% goldoz Zrlele

100.00
~  80.00
S
Lo) a a a a
s 60.00
SN
en
£ 40.00
=
Q
o
© 2000
0.00
0 (control) 1 2 3

Aronia melanocarpa powder (%)

Fig. 1. Cooking yield of Korean black goat sausage formulated with various levels of Aronia
melanocarpa powder. *Means on bars with different letters are significantly different (p<0.05).
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80.00 80.00
BTPC OTFC
a

Bh - 60.00 . 2| 60.00 -
0 ‘ h 2
S T &
o 40.00 40.00 C’%
= i
&) L
(4)°]
& 20.00 2000 =~

0.00 0.00

0 (control) 2 3
Aronia melanocarpa powder (%)

Fig. 2. Total polyphenol contents (TPC) and total flavonoid contents (TFC) of Korean black goat
sausage formulated with various levels of Aronia melanocarpa powder. "GAE, gallic acid
equivalents. ?NE, naringin acid equivalents. “*Means on bars with different letters are significantly
different (p<0.05).

A% RATHp<0.05). ofZUok= Wi Fedo] £ A0 A JlH], BE 43133 mg GAE

gl PEORE TR eH, olF @10 U2 2445 mg C3GE g’ $E02 FFskaL ot
(Taraseviciené et al., 2022). 0|23t H-L HlE SRS {71 ARQJo|A A7 15A4S &7 = 24

A 4= Jlom, sehy =4S detald })\‘1: ZF7ol Aol, SAIE A Al 32 ATE HE
Y Aog HirEo] Yrl(Jian and Xiong, 2016).

EHo|EE HlE SHE0] dFor fiiA o A8 84 0% Y, F ST o]
T 3 5 v SRR O ANl w9 AL, 20 TS e 75‘—?— H &2t o]
E Slego] 93k Hi= Aoz A QUtH(Tolié ef al., 2015). & ETH ot k2 o Lo}
2 il 71 FO0R S AL ehiolekpe0.05). ol olo Befite
o= E3F tpFo R EABR=T], 1 SolAE 2]l SljkE< polymeric procyanidinsO] ¥ 7]
5,181.60 mg/100g, -84 E2HE -0]=9] cyanidin 3-galactoside©] T 7]F 1,282.41 mg/100g 02

7P B2 BES XA sl O‘TJ(Oszmlanskl and Wojdylo, 2005). £3| polymeric procyanidins< %
< PR ofel, 2 YAIRS] FFA B4 UEhdlo] ARE dske aike =esio
A7 7154 BEOA A9 T4 YEFY L QItH(Yang et al., 2021). WEkA] of2Uo} Bko]
Wt $7158e) APlsA 482 AV a7E 2 4 38 A0R Ber,

m

4. DPPH, Chelating

Pt 242 BIAE AN S71552 AekE Ak, o=t 84 At A
31= =22 DPPH A& a}q Z 27%50)2t S Musa ef al., 2016). OF2Uo} Eat Hrlefo] mE
Fa A9 DPPH 2HZ 2453 F450]2 chelating activity 7 Z3= Fig. 39 Yef oItk
ofzio} 2 Flat AejEo] fRRT} $OHOE £E DPPH 2riz 4758 tehigint
(p<0.03). o= ol2Uolr} 331l Q= QtEAlold, ¥, B ol ekl 71913t Ao & A
E59, Hwang¥} Thi(2014)= of=Uot 22 FAlehs2 1%01M 3%7H] A7Istdle e 2 5
7HEE Holt} o|F 7IolAE W F7HES HRltkal Husigitk E3F of2Yok= DPPH
9 ol AV, ItekE Hol, AlebdAet d2 Aol BHE Ao tis) w2 datet
5& Hol XA Al AAof] a3kA0] Ao g H 1 EQtk(Sidor and Gramza-Michalowska, 2019).
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100.00 100.00
< EDPPH OChelating a a
< TR S
o 80.00 80.00 O
.= [¢]
= 2
O 60.00 60.00 &
o b b aa
2 8
= 40.00 40.00 £
5 z.
E 2
o 20.00 2000 S
oy
[a )
A 000 0.00

0 (control) 1 2 3

Aronia melanocarpa powder (%)

Fig. 3. DPPH radical scavenging activity and chelating activity of Korean black goat sausage
formulated with various levels of Aronia melanocarpa powder. “*Means on bars with different
letters are significantly different (p<0.05).

T4l chelating activity’= 2+ AJERS] B 0} 22 AAAPIE SeL BASH=AIS B4 57
H % SR, B4 o0 QI8 A8 WX 9 F7)40] AR o8BS kol AS & ZHo

= o=
Stal QItHTorres-Fuentes et al., 2012). of2Uol BHS H718t A250] gi21HEY fojZor
=0 220} chelating activityS YERJATHp<0.05). Park® Chung(2014)& o}&1jo}e] F&0]e
chelating activityt= & & A} § EFtEeo|E bR 23Rt ATA|(=0.993)°1 5 Sk
oot el 2 PUSRe2 35012 cilaing sty SL02 HLSIT 5 ofolo
=] A= AloFd, AZAE, IEAloR 52 kst EYEL Feiet ofle] ASkE B}

Lo Eske] 202 Huslel, B9 Bv] WIS YA Bk ohjeh, B9 S AT
284 9 Ao7 wdEthBorowska et al., 2020). WEbA] ofZ Lo} Bto] X712 9ls)| 871+
A0 s 24 e FANY + g A0 sl

5. X[

Apo] Ak akgol B AREEE, ol Huh e Ak 530 ShkE T BES Y
Aelel 436l 315 @Eele), BAspel A3 A5 o0 —:—a% 3ol B4E Age] 3
2 HHCKBuri e al, 2020). 3 LA TBARS ol 1 ke 2451 et ALkl A

sk Qo) Algo] Rawel, o) uet E Aot 48 7}xm AR BT Nam
and Chin, 2024). Fig. 4= o}gUjo} Bul H7leko] ma i A9 AMAES 2435 Hujo]
ok APg7Ike] B7Kale] whet e 9 WE 7o Al SO0 Sk A%

HOITHp<0.05). AP 05K T} M TS 7h0] §olAI) HjolS vhehiA] IR, A4
120 ofzuo} £ 3% Wb Aelrh clarEn foHom e g Uehjgle
(p<0.05), A4 25 Xjo A ob=Ulol £k 37} Ael5o] thaTrch fojoR e ke et
eIeHp<0.05). Banach 5(202012 A1Eo] olzUo} 2E2E WIS ), 57} RoldsE 7|
A 41812 oJA]5}0] MDA(malondialdehyde) Age3o] WolITkyL Buisto] & Q17 Aje} S4kt
A% UERARIEE ol okzuole] el T ShkEo] ArHos 4 whauo) W] 34
AeflolEAZ H83le] At AE OAstel] ThEo] o]e} Be AT e Ao Heel)
(Brewer, 2011). Tteb] B4 24179 ofzUjo} B A7k Agi20R S94 S7HE0) A%
A5kE oA 4 S Aow Amer
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1.00
. 00% (control)
2 os0 | |@1% aA
E m2% 7] 2 8B ac
= 0.60 3% bA
) bAB bAB bB
g

0.40
g CA .o CcA CA
<
m 0.20
=

0.00

0 1 2
Time (Week)

Fig. 4. TBARS of Korean black goat sausage formulated with various levels of Aronia melano-
carpa powder. “*Means on same treatment with different letters are significantly different (p<0.05).
ACMeans on same time with different letters are significantly different (p<0.05).

V. 2 %

= olZYot B 7] e 54 AAR]9 o|gfeld B/ tsto] RAbsIITh
O}E‘% }—‘i'.—‘?a_ 71l et AN 9 TPC, TFC, DPPH, F45°0]2 chelating activityS S AIZATE.
B3 pHE A7 [HA] 7HE0ll= F4AQ1 JFS nA|A] Yot il ke FAoeh=
=7 oottt SPH R of2 Yol B Hrieo] 7ol FHo| fAIEHA FAEkso] FE
Q7] HiEel, S84 AAA] AR A] of2Y ol EHO] M7 3%t 7FY 229 vlgolgtal
o B3 2 A ETE v R STIEE AT 4= Qe WA AR Y] 7xAlE R &8
2 5 9loH, It 2 U 5 U 7154 A7 AFEejoF & ZeE Helth

JIOI‘

V. AL AL

B Q7 20034 et S840 ARlo R WA heel AUnE I8 AU
o} Sgstelgiet

rat
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