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Abstract

This study aims to investigate the quality properties such as cooking yield, color, and pH, along
with the antioxidant activity, including diphenyl-1-picrylhydrazy (DPPH) radical scavenging assay,
ferric acid reducing antioxidant power (FRAP) assay, and thiobarbituric acid reactive substances
(TBARS) in Citrus unshiu peel powder-added emulsion-type pork sausages at various levels (0%,
1%, 2%, and 3%). Cooking yield there was no significant difference between the control and the
citrus peel treat-group. As the amount of citrus peel powder added increased, pH, lightness, and
TBARS significantly decreased (p<0.05), while redness, yellowness, hue angle, chroma, DPPH, and
FRAP significantly increased (p<0.05). As the storage period increased of emulsion-type pork
sausage, pH, DPPH, and FRAP significantly decreased, while TBARS significantly increased
(p<0.05). Therefore, when citrus peel powder is added to emulsion-type pork sausage, it can maintain
quality properties and the antioxidant effect can be improved.

Keywords
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SRES A5 9A, 24, E9, A=, @A 59 3= AA AlREY, dRARl Algele
Hjo]A, #, AAA] 5o] QUrkJeong ef al., 2020). AR 71E AA], AR AAA], HE AAA]
5 chop Jeh2 Az, B30 4 A7ISlel 984 BHLe 259 G347 8k 4]
A7} 71 LutAo|th(Kang et al., 2020 ; Moon et al., 2019). 9318 AAR|= oFHARTER, ]|,
P 5 Hge 4 A7keel A7HEAL Lo, 2T A3 A 71sdel didt Bilel St
o, $7R5F 4 A7 diAAlel tiet B B3 S718IAL Sl FAIITHGo ef al., 2021 5 Shin
et al., 2021).

PHAE S7H8F0M A 2ol @ 7ie] RS Alsshal et dHE el 2™
A15l9} o]F] R, WA 52 AA3ItHLee ef al., 2020). S7FEZo|A LurH 0T AT FHY
SHALSHA| = butylated hydroxyanisole(BHA)2} butylated hydroxytoluene(BHT)7} QItHBottoli et al.,
2023). 28U 3 AR B9 9F S4HF 58 9IS £ 9l 98] 8Qlo = QlAIET 9loy,
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AAIQ] A FAEsIAel gt 4ol F718la Qlth(Jantathai ef al., 2022). o]0 @A} A= T
= AA A= ZAulE|(Whalin et al,, 2022)9F &XHJayawardana et al., 2019), 7T
(Chongsrimsirisakhol et al., 2022), 12|31l ZF25(Kumar et al., 2019) 5°] St

=2 20224 7]1& AAtEFo] 63.64F Eo g Fujoj|A] 714 o] AJAtEl= 3Flo|thKorea Rural
Economic Institute, 2023). 7ha 718 #7182 A7F oF 59 E202 e 9] alos 285t
UTHKim ef al., 2023). @A AFAIAS SH A tieto® T, A4, I=, A 5 AF FAkE
9] 58 AHEG o]R3sl= YAllET AT /o] Z75kaL QIth(Aschemann-Witzel et al., 2023).
A2 ARf 2 2750 FHolu, Bl FAReQ] A AL 7154 E4o] T8 4% At
7} o]Fo| A2 QUtk(Lee er al., 2012). 7HEC] AA 3L ZAxsto] 119 FEZ AREoIRS wf TR
Hop A 24 2ol =0k, A=RE trefetd A 5e} vixta o] AME o] fIth(Kang ef dl.,
2005). 72 A2 W] Sefro|te} sl g o], Ful, Hdmaiol, A, 181
aEE 5 22 AR AL Awol FHo AL A AUTHKo and Lee, 2015).

wEbA & Ao Y FARER] A A B 7R 5% /351 2A1A]9] o]skeHA
EA4T it @S A6kl 7s e Akl

I, X2 ! ditd

1. =] Q3K AAX] H=E

=% 1988 AR Az ARSE =82 &5 T 2447t BIRE =5 4| (Hongjumeat, Korea)E
4ToA B BEgt 22 ARG = TRt AN AR R4S AlAste] dEso s RSt
510, 1A 53 B 3 mm plateS 212k grinder(PA-82, Mainca, Spain) 2 24151k 405
& 24 ARSI S0, T2D LB ATk BARE AY(1%, 43
(1.2%) bowl cutter(K-30, Talsa, Spain)2 235t} F3l=0] 8 74 £Z(Sandeul medicinal
herbs, KoreayS 27+ 1%, 2%, 3% 7}510] =4o] 243t 3 chamber(10.10 ESI/SK, Alto Shaam,
USA)E 75CA 7FEoHA L, ofdf) 4 27} 75T oA 387t GAEEE Shict. AlRgh A A=
A2(25C)0lA 3087t HRHRE & 4TCofA] 53 9t W Haksin] Agof ARstict

2. pH &4

pHE= A& 5 go] 357 20 mLE 21 ultra-turrax(HMZ-20DN, Poonglim Tech, Korea)S AR&5}0]
10,000 rpmollA] 187F #As51Y AN f8A= pH meter(Model S220, Mettler Toledo,
Switzerland)S ARE51o] pHE S5, pH meter+= pH 4.01, pH 7.0, pH 10.0 buffer solution(Suntex
Instruments Co, Ltd, TaiwanyS AR&5}o] HA519ich

3. TeE 53

lesge 71 A foHEe) Bt 1Y B 2AIAIe) RS ZYslel MesR e st

4, ML =X
A= AAAQ] DS colorimeter(CR-10, Minolta, Japan)S ARE5t0] I (lightness) S WERY
L CIE L 3 A% (redness) S Y= CIE a” 3, A% (yellowness) S UEFU= CIE b° 32
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243519k, B2ML CIE LT CIE a', 712]1 CIE b gro] 22+ +97.837} -0.43, 12)3l +1.989]
M B2 AHgSto] HASIGIEE ST CIE o gk CIE b ghe ofeo] AUA 02 47|(Hue
angle, h°)}+ Z=(Chroma, C) k& ARESIATH

1
2

Hue £ = tan71<b*/a*), Chroma = (a*Z +b*2)

5. 2,2-Diphenyl-1-picrylhydrazy (DPPH) Xl 2iC|Zt AHS &H

S S S22 A= 3 gof] 552 15 mLE Y3l homogenizer(AM-5, Nissei, Japan)E AR5
o] 10,000 rpmOJ| A 187+ 2513t A N2 filter paper(Whatman No.1, Whatman, UK)Z 50 mL
conical tubeo]] AF5NS FE3Ict o|F AR5 100 L2 0.2 mM DPPH &9 200 pL& &3+
T ALR0A] 3057 FAloflA] HkS5FRATY. a]-o 22 multi-mode microplate reader(SpectraMax iD3,
Molecular Devices, USAYS ARESI0] 517 nmoj|A] P45 &245F & WiE8F A&t

AR §YE - ARt SHE

DPPH radical %715 (%)= NE A e T

o

M3 (Ferric Acid Reducing Antioxidant Power, FRAP) &
°J3_ﬂ' 2742 A7 3 gof] 2F5 15 mLE 911 homogenizer(AM-5, Nissei, Japan)S AR&35}0]
00 rpmof|A] 187t FEFAE FANL filter paper(Whatman No.1, Whatman, UK)Z AF59-&
éﬁﬁ}gﬁu} A5 100 xL9} FRAP & 3004LE &3 5 37Co)A 1587 AloA] BR33ich
A&of A2 FRAP %“143 0.3 M sodium acetate buffer 2} 40 mM HCIof| =91 10 mM TPTZ,
1831 20 mM FeClLE 10 : 1 : 12] H]EE 40 37CoA 155 B9t HESA|A AZ519]ch 8o
multi-mode microplate reader(SpectraMax iD3, Molecular Devices, USA)S AR&5}9] 593 nmoj| A &
FEE S, toloxE EFEEEE O BETAY] SFEE HYst] g2 ARSIt

[l

7. X|2AHE (Thiobarbituric Acid Reactive Substance, TBARS) &%

A= A& 10 gof] 54~ 25 mLE 21! homogenizer(AM-5, Nissei, Japan) AR5}
10.000 rpmoflA] 187+ FABFAE FAAL 03% BHT 02 mLe} 5574 25 mLE mass-up 519
Z F1E 100 mLE 5t} o] % filter paper(Whatman No.1, Whatman, UK)Z A5HS 519
A5 M3} 0.02 M thio-barbituric acidE 1 : 1 H|S&% £35}a7, water bath (JSWB-30T, JSR, Korea)S
ARE31ad 100°CoA 1087F 2519 Tﬂr HFS-E-2 multi-mode microplate reader(SpectraMax iD3,
Molecular Devices, USA)E ARE5H0] 532 nmoj|A] 3 =E 245191, 1,1,3,3-tetra-ethoxypropane
< BEEAE T ZETA0) S8 HUste] mg malondialdehyde(MDAYkg 418 ARESHIT.

8. SAIXE

A X4 33] ol WHEARS AAlsto] BASISICE ARl Arks BAXE] 219 SAS(version
9.4 for Window, SAS Institue Inc., USAYE AR85lo] AIE Huiglal IFHALE Aot 3L
BAREX(one way ANOVA)Z} Duncan's multiple range test2 p<0.05 $F04 89438 AZ319] 13]'

=t

n. Za & 13

=~

|

1. pH
e AE 2T 7R =5 78K 24149 pHE Table 19] YERAIT pH= 2 A2 22

Resour Sci Res, Vol. 6, No. 1 | 3



Baek et al.

Table 1. pH of emulsion-type pork sausage formulated with various levels of citrus peel powder

Storage (weeks)

Citrus peel powder (%)

0 (Control) 1 2 3
0 6.42+0.02°% 6.19+0.014° 6.00£0.00%¢ 5.81+0.00™
1 6.39+0.014% 6.16+0.01%° 5.96+0.01% 5.75+0.00%¢
3 6.35+0.065 6.11£0.02° 5.93+0.03% 5.72+0.02%
5 6.34+0.04% 6.11£0.03° 5.92:+0.02% 5.71+0.01%

All values are mean+SD.

AC Means in the same column with different letters are significantly different (p<0.05).
*d Means in the same row with different letters are significantly different (p<0.05).
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Wk A 7RIo] F7R5S GYHOR ZABAHp<0.05). Lee S04 T 4414 A
2 A 97 B B Ak A Kol S7RI4S vk S92 Fste] & 1T Aol
RASIECh ol 2E AR Feo] pHrt oF 3.859) e g Lhehilo] £ $3R9 2417 pHel
WPE 7 A0 BUETE 72 UL TR} olATEUL 5] §71HE Tk FRH o]
AP WEHChol ef al, 2023). AHS7HEES] WA A4 5 pHE nl4E S408 Qg 9714 B2
i 20k] Ao R 71 Hashe, B AFOIN AR 7Rk B7hL Qlsk pHO| Fids St
Z20]) O3 202 WkEIHLee ef al, 2020). A% W} F715F 0B EEgke ML oAt
RBE 24 A5t} 482 pHE A1k Huang ef al, 2022). TebA] 22 7Y e H7}
L ES 90K 2AA) 35 pH daol G e, nBE ARE AAslel SAES] A%
WIHES Y 4 YL Aow ot

2. g8

e Ad EEE AR =5 58K aAA9] 7HE4E2 Fig 1o UERiGIH: 718482 da
7t AEC R Al AL s Froke AL AZGAY 23 AR Fo|tH Zhang ef al., 2023).
2t A2t7toli= 93l AlolE HolR] giskony, T A £ A7kgo] SIS 54

90.00

85.00

a
a
a
a
80.00
75.00
70.00
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Cooking yield (%)

Fig. 1. Cooking yield of emulsion-type pork sausage formulated with various levels of citrus peel powder.
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o2 & 7k UehRlch Lee 52020} SAE A% A] AolieE Hrlste naelzt foih
Rgo] ZXpol 7je4E Z710] BEE FhL HISHOH, Younis SO HER 447
Az A 2ol A 2] Aio] /1S B Qg e Hol ¥ A7el fA% Ang
UERsi Aol g Tl ERlAS SRR, 43 Ao 2 BHUTKMahmoud e
al., 2017). ol= Aol 5 shuel gelo] 7] f3k=9] A FgS FASHL, 7HEas SXA
717] w&Eo|thPowell et al., 2019).

3. Mg

e AE B R =% 7131 2AR19] Mki= Table 20 YERRIEE 72 24 22 37t
ol VS WL LA A4S HIAOH, QYR PUEE Z7I515ch. SharatFddin 5
(2020)9] AN E o5 F3E AR Al T A £ A7Hol IS e foFoE
AR, AT} AL ROHOR F7Rlo] B AT ATl SARIST £ a7l A7 1F
A2 B3 WL} 69.33+0.60 AT} 12434021, 18|30 LT 32574042 FE SA=C] A
ol S 2 A0 WAL, o 22 B U] YUS t FEAORIT} FPUS vl A2
S t= FEHQ T 7HREo|E MA E8of oRt Ao g ALmETH(Nabi ef al, 2023). S7H5F
o] M M)A} AT O] G L ZRY AT B SIZ, SAAOINE 55 HUE} P
2715 95t A7) Wo] A= QJthKim et al., 2022). Fernandez-Ginés 5(2003)2 7= A55
HRE £A1219) HUES U7 Z7helol te A B AolA thETRT} RL HoEE i
Seka BTk Azke: 21 B %% 3% A7) ETR) 1% Aekpuct foHoE e
= UEITHp<0.05). Aee= A A A7Hdol 7S foes &2 #2 HIlt
(<005, kst A 212 SAES) B, O] 72 S Mo} AT, M/ FrR
£ A7} A7t F71RIKJouki and Khazaei, 2012). WbAl, HE 4 710 ofeh AA o} S
o 2k 3% SARY AAH HTES ZHIL & 9 Aoz U

[ o rlo

4. DPPH % FRAP

42 AE 29 R =5 7919 £AIX]9] DPPH Z¥k= Table 39| UEIH. DPPHE=
AR A B2, oA At B 4 A Als o SeEo] Srdo] AL,
517 nmol| A SJ&7}t Asto] etz 274 449 Hx& ARSErKJoo and Choi, 2014). DPPHE=
a2 Ad 2L A7 2R foHoR w2 ghe YR (p<0.05), A A 2T A7
oA 71e] S7F85 DPPH gro] 7181 itt. Sayari 52015y AHE &A1 A2 A] 28
A &5 Ao S71ESS ket @4o] sk £ AF-aet wAsk It e Addle

Table 2. Color of emulsion-type pork sausage formulated with various levels of citrus peel powder

Citrus peel powder (%)

Traits
0 (Control) 1 2 3
CIE L 71.21£0.41° 68.04+1.21° 67.23+0.42° 67.09+0.31°
CIE a' 5.73+0.10° 6.36£0.26° 6.51+£0.12° 6.97+0.08"
CIE b’ 18.56+0.24° 20.40:£0.33° 21.70+0.28" 23.09+0.12°
Hue angle (h°) 72.73+0.13 73.02+0.53 73.2340.10° 73.29+0.10°
Chroma (C") 19.42+0.25¢ 21.37+0.36° 22.66+0.29" 24.12+0.12°

All values are mean+SD.

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

Resour Sci Res, Vol. 6, No. 1 |5
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Table 3. DPPH (%) of emulsion-type pork sausage formulated with various levels of citrus peel powder

Storage (weeks)

Citrus peel powder (%)

0 (Control) 1 2 3
0 64.02+2.24"° 69.1142.314 72.41£1.624 72.57+1.17%
1 55.10+1.03% 64.81+2.325 68.37+0.514B4 70.47+1.82482
3 51.54+3.645¢ 63.19+1.25%° 65.94+4.3748® 69.90:1.7548
5 49.76+0.84° 61.89+0.88% 63.43+£5.245 67.15+2.76™

All values are mean£SD.

A€ Means in the same column with different letters are significantly different (p<0.05).
*¢ Means in the same row with different letters are significantly different (p<0.05).

EetE oot 7lRE 0|5, Full, Hd2uheo|E, BAEE, 121 UdY 59 HEsigt
ES TRkl lth(Nieto er al., 2021). DPPH= Hl=813HE9] W% 112191 hydroxyl7]7} phenoxyl
radical& F/Jote] S AAG, vl=siitE Tol S71E 2vd £750] 371K Choi
et al., 2021). TEbA B AFE 7 743 f 23k wisslelEo] ofste] kst EAJo] A LEht
£ 202 woHr:

g A B 7R =8 83518 AA]|9] FRAP AIR= Table 40 UERQITE FRAPS &
37} Fol(Fe™)o] A ettjzdat 45 Fofoial QFYsiElo] & d 27} gol(Fe™) o= SHelsl=
A= =45 WHo|t(Kang and Kim, 2022). FRAPS 72 742 B2 X277} gi27Hc} 49
HOog w2 & U (p<0.05), 72 Ad EL AFolA H7IEo] S718=5 FRAP Fo]
Z7F519tk Kim¥} Lim (20201 7H2 74720] &2 FRAP 3hS UeRAthY 519ict 7 A9 His
SIRIE2 EetH o|EHT) GRS} S0 WHTH IAIE YERHTK Ghafar ef al., 2010). o]23t Hl=
SRIES 24 ol A 4 o] T AR Fo] 59 WO R A S AASHAY QF
Slslo] A}t A5 YOXItKPanahi er al., 2022). WEHA Zha AE £ AR 24 58
Ad AA A=A SARY I FABHA diAAR ARgsh7]o A3e Zos woEd.

5. TBARS

72 74 BEe A7k £2 9349 241709 TBARS ZI1E Table 59 LEFQIT TBARS:
SAZ0] Aupibo] ofsle] A4 MDAS] Qke 240l A MRS SAslsl Whgow A
20| TS HSH AFo|THleong e al., 2021). TBARSE 712 A4 B2 F7jafo] 271

Table 4. FRAP of emulsion-type pork sausage formulated with various levels of citrus peel powder

Storage (weeks)

Citrus peel powder (%)

0 (Control) 1 2 3
0 0.290.07 0.44:+0.04" 0.57+0.05"° 0.77+0.04*
1 0.25+0.0145 0.42+0.03"5° 0.55+0.09"5 0.60+0.055
3 0.23+0.01B4 0.38+0.04"5 0.53£0.04"5° 0.60+0.015
5 0.22+0.01% 0.37+0.05" 0.46+0.05"° 0.57+0.02"

All values are mean+SD.

AB Means in the same column with different letters are significantly different (p<0.05).
*d Means in the same row with different letters are significantly different (p<0.05).
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Table 5. TBARS (mg MDA/kg) of emulsion-type pork sausage formulated with various levels of citrus peel powder

Storage (weeks)

Citrus peel powder (%)

0 (Control) 1 2 3
0 1.97+0.08™ 0.66+0.01"° 0.4240.02¢° 0.18+0.03“
1 2.15£0.04 0.76+0.03" 0.50£0.025< 0.25+0.04%
3 2.40£0.06™ 0.85+0.23"° 0.5740.1148¢ 0.34£0.01%¢
5 2.71£0.124 0.87+0.06"° 0.65+0.02"° 0.38+0.02¢

All values are mean+SD.

AD Means in the same column with different letters are significantly different (p<0.05).
*d Means in the same row with different letters are significantly different (p<0.05).

Aadte AE2 EAA, A 713to] 7185 TBARS= 5715t Ben Hsouna 5(2017)
Al 2371004 HiE & 28 7o) S7125 TBARS #lo] g4stal, A 7Ite] 371
5 TBARS glo] S71519] & =&t AR 23S el ol AgAtsi7t A 22l
A&52Q) A7 wHeo R MHAYshL, ol 2 Ay B 2752 7R H&E SAECl A7t
S A AGARE AL 5= 7] ThZOlThLee ef al., 2021). ROl g FAket 2 S|AH)
2|do] SARES] AR 2tiZ &AL A1 Ao} Aol 3429l F WIRITKSimitzis ef al., 2021).
EQL A 7IRE S710l whE TBARS £4] S71= A1 2ot vdE Aol mE A Al S7100
Ot Ao AlmEth(Reddy ef al., 2023). TEbA 4 AR 8 A7k HE SAFS] AIHE
Al w2 tsS de ¢ e Ao= woEH

rflo i

>

V.  ©of

L =

B QTR 4 P BTe AR B8 4589 24149 olgaha SA A B A
Sk 42 A BT A2 0% (Control)} 1%, 2%, 117 3%E A7lete] AxSIALE. pH
T

ol
K

rir

I 7Kgl S7HSE R0 315K O (p<0.05), HEe FHoE A
5}TH(p<0.05). M2} Y= ALl AT F713t] met fo8 o' F7Fsklth(p<0.05).

2 72 AA £ 71l 371EE 98 o' F7Feklal(p<0.05), A% 717t
o] Z7IEE foF o 7FAsHATHp<0.05). ¥, TBARS & g A4 29 H7ifo] 371k
& froHos s (p<0.05), A% 717k0] S7FEE FOJH 0 ® F7ISHTHp<0.05). ThEhA]
g AE U A7 SARY ANwel At AnkE SIste] I FAtEHAS] diAAR AR
& 9lS o= woH
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