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Abstract

The purpose of this study was to investigate the ability of natural antioxidants as stabilizers for meat by-products
to prevent lipid oxidation. The white internal organs were evaluated using different treatments: no antioxidant (control),
ascorbic acid (T1), Artemisiacapillaris Thunb. (12), Opuntia (13), Schisandra chinensis (T4), and Saururuschinensis
(Lour.) Baill (T5). Antioxidant activities were analyzed by measuring DPPH contents, superoxide anion radical
levels, nitrate scavenging activities, and total polyphenol contents. T1 and T2 showed higher antioxidant activities
and total polyphenol contents (p<0.05). Additionally, changes in physicochemical properties (pH, color, volatile
basic nitrogen [VBN], and thiobarbituric acid reactive substances [TBARS]) and microbiological aspects in white
internal organs processed with antioxidants were investigated. As storage time increased, the CIE a* and b* values
of the white internal organs processed with natural antioxidants were decreased (p<0.05), and CIE L* values were
low, particularly for the T3 sample relative to that in the control. Moreover, the pH, VBN, and TBARS values
of samples T2—T5 were increased after 7 days of storage, but showed low values compared with those of the
control (p<0.05). Moreover, compared with the control group, the treatments showed antimicrobial effects. Our
results indicated that these natural antioxidants could be used as lipid oxidation stabilizers of meat by-products
during storage and that Artemisiacapillaris Thunb. and Opuntia may have applications as natural antioxidants in

the meat by-product industry.
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FotdRd LA A A F4o FAES FE8AIE &
gong BAES] ARk gH W 2d Aksl A&
ok & g o] FulE SUth

A& FAHEY] A7 T dojue A dAksk= shekA <l
bsipbgo 2 BAbEe] A Fh], g o HEtE do
A FAE A7 88lolth A AL Al HA s =
aldehyde ¥, alcoholF, ketone¥t, ZH4tslE, Zpitsl4a &
o] EAEZA R Z}83lo] DNAS £45 op7|e &= 9lon
AdEsaA A3l o T Gy 2o A S fus

T AT A UTHE). 2 BR A% FhkEe] A EL
22 olslo] 4 Ao v AIRke) sl e
dot 5ol W ge A2 dFdow 34, U Soa
ZH7F U E L e Q714 FolUHe), A7 F2
OFA 7|2, shelf-lifecl] T3t Rzl mjn)gk Az oz 94
bR/ S gl 21F o) 4kt AAllsfof & A ow AT
A Fgelxe] A4 Asks AAlehr] ¢ o R Ak
okl HES AASAL free radical S FF 3 A7) & WY
o] EABARE drkA o 72 ks & H7teke W ol
2159 AFstAA| o] &85 JThT). FrtstA| e FRE
£ o}n| =2k, A F, tocopherolfF, carotenoid, phenol 72}
2o HAA 4kskA 9} butylated hydroxyanisole(BHA),
butylated hydroxytoluene(BHT), tert-butylhydroquinone(TBHQ)
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Thunb.), ™3 Z(Opuntia), 2.V AN Schisandra chinensis), %
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pH, volatile basic nitrogen, thiobarbituric acid reactive
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2 phenol 3}3HE, flavonoid, vitamin C, 3-cyanin,
B-xanthin &= 33t lo], gLt itstsS st
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91 Q1A &N Arternisiacapillaris Thunb.), ™\ Z(Opuntia), 274}
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acid reactive substances) 2! 1A & (L HHA| T, A
T 2 A HEAS Bkt

DPPH radical &7H&4

A% AALAF2 252 DPPH radical &A /-2
Blois 5(16)] WHol we} 1-1-diphenyl-2-picrylhydrazyl
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Superoxide anion radical 2AH&

Superoxide anion radical 4>7 %2 Marklund$} Marklund
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EDTA) 3 mLe] 7.2 mM pyrogallol 02 mLE 3718k 25C
oA 10%7F W3 3 1 N HCl 02 mLE #7}slo] whe-S
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=3 sttt 3 A== A 2A (Model CR-300, Minolta
Co, Japan) 2 93] HHE5le] L(H %), a(dA %) 2 b(EA %)
oz Jehfdrt o] o) L=97.12, a=-0.13 & b=2.14¢]
FENTE AMEE ETgekT

HHLHAbo| SUhY T|Ef EAERH(volatile basic nitrogen,
VBN) &4

Conway unite] W4l 0.01 N H;BO; 1 mL¥} X|A]2F
(0.066% methyl red in ethanol:0.066% bromocresol green
in ethanol=1:1) 50 pLE 91 £ ¥y7 A& 5 goll
ZHF 45 mLES Y 7138 & o] 34x](Whatman No.1)
£ o]&sto] o3td Al oY 1 mLI} 50% K,COs 1 mLe
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syLEe| XM= (thiobarbituric acid reactive
substances, TBARS) &%
A 25 TBA FEH O 2 Witte
o] &3] =3Itk WA AR 10 goll 20% trichloroacetic
acid(TCA) £-9(in 2 M phosphoric acid) 25 mL2 % 7}3}o]
14,000 rpm ©l[A] 283t AT F AP Aol SHRF
50 mL< %31 137 wekate] ojZsiict e a o2
H o]l 5 mLoll= 5 mM TBAES 3 7Fsle] halollA 15417k
WAAIZL £ 530 nmol A FFEE S Tt 2l
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St. Paul, CA, USA)ll 1 mLE #F3}o] 37°CollA] 2447k

T HT=
AlG3lA . o] & E83) coliform bacteria= Aol 7]13E
£ 34st= AS Al

CA
wjeF & FAE F2A 7125 P45k S E coli®
=

EAAMa

Ay Az}e] BA RS SAS program(Statistics Analytical
System, USA, 1999)¢] GLM(General Linear Model)
procedure S Foto] EASA T, Al F3te] H v J-Lt
Duncan?] t+5-77% & E3}k] ‘rr—/l 2 2ol (p<0.05)E A%
O]’MD}-

= ATE S5 e *&ﬁ} HEE 54
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2 Fo27F UEREa(p<0.05), LulAbe] FE80] 71
ko Aot Jpg e FE4EE Ui
(p<0 05) Shim E(21)94 Al oot AA FE=2] &8
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Table 1. Extraction yield of natural antioxidants

Schisandra  Saururuschinensis

Artemisiacapillaris .
Thunb. Opuntis " birengs  (Lowr) Baill

Yield (%)  1445¢299°)  19614580° 37.46t2.07°  11.74+141°

"Values with different letters within a tow differ significantly at p<0.05.
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Table 29} 2t} DPPH &} 4 &2 52 T2 AMH
L-ascorbate S A|2]8laL HALA] 5 7% FEE0] 16.84%
2 73 =4 e th(p<0.05). Superoxide anion radical

2ATE oA AolE Holx] FUAIN HALA F
30.52-36.45%2] W92 TFEA9) Lascorbate(14.23%)°]
Ha] =4 U thp<0.05). obE 4t 2752 HALA
7} L-ascorbate .t} =& 78-S H$om £ DPPH 47
45 B3ld OJ A& F280] 9537% 2 7MY =& opd
e 2752 EATHp<0.05). Kim¥} Kim(13)2] 174
+ Q1%1%9] DPPH 2z 47%5<] 1, 10, 100, 1,000 pg/mL
Frof ulg} 21.4-65.6%% =< 2 YENH AL, Lee
5(23)] Al sk widx i A7kl DPPH 2H
Z 27 13.19-5000% 2 tZ27(6.09%)E o} =4 YE}
%o H“W iBl B ko] SUHESE =2 ofdAk
2% ATh F2 obEAA AT Fakst 249
*7& B lom QX&) wid o] gHitksdo] 34
PASAE WA = dotst] & AT Ak ARE
UERA 21 TH(13,23).

% Eovs T AALA FolA <
37.89 mg% = 714 Eokon] 1 TS o® wid: FZHo)
2657 mg% =2 = A¢FE HAthp<0.05). ©]= DPPH
radical 22A G 7} o} A AATo] FoH R =4 U
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3 9ol Fakel B = JRltke Bavk olvk26). R H
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gomn H=3elEe] ek HakslEAd T o] AT =
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Table 2. Antioxidant activities and total polyphenol content of natural antioxidants

Artemisiacapillaris Thunb.  Opuntia ~ Schisandra chinensis — Saururuschinensis (Lour.) Baill.  Ascorbic acid
DPPH radical scavenging activity (%) 16.84+1.08" 13.831.00° 7.54£1.38° 8.97+3.68° 99.15+0.43°
Superoxide anion radical scavenging activity (%) 30.52+847" 34.60+0.95" 36.45:2.14° 36.01£0.44" 14234145
Nitrite scavenging ability (%) 95.37+0.15" 94.790.44° 92.64£0.13° 92.44:0.07° 88.5840.35°
Total polyphenol content (mg%) 37.89:1.52° 26.570.61° 7.07:0.51° 391+0.34° 130.91£6.78"

"Values with different letters in the same row differ significantly at p<0.05.



Study on the storage stability of the white internal organs using natural materials 149

Z52] 47} glutathione peroxidase(GSH-Px)<} catalase
5] kst ZAAe] GAS STMIA 3 Ede A EST
3 she] Q1K = kst S| tigt A5 118
SFATh 3 Seo F(28)¢] Aol ofat MdxE ATt
FaFATE 7Tk JEREC ™ linoleic acidell 23t 3
e a’ﬁ"ﬂ"ﬂ 0.1% BHT9} 22 A =o] 2ak bt <
7HRek Bgk omal FEEo] ikst @S ST
© Hark e ol & A3 FoHom 2
T s S Pt E4E B Ade du

ATl ALRETH(14,29). H=Eh e Abe 24,
44 5o AYEE S B3 etER A5 AL EE dd
YA S dA 7hsetthal At o] SAF H7E Al
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B om(p<0.05), A7F 74 Aol e A7t 2T
o} g2 ie kS JeRf ) thp<0.05). Oh 5(6)°] =
W A771Zro] Aol we} Aukie] WE ke folF
2ol & YepA = skovt Aat S7lste 415 YER
Ao, Lee 5(32)8] AFAME =5 H24x]d i &
A 8312 W #7g7| ko] Aol whet W) Srksitka
Husig =, 2 A3 gz fARE A4S YeRY
o] Aol H7Is FkskEdo] W Jgs 7% AL
2 Algdt) =3 Kang?} Lee(32)= 2244 ©l betalain A5
9] A _7':%%0 __H}r/l— Ao] z} Au/\a =] 7}0}/\/\ =
AY713%ol| whet WE gro] el oR haditta Has)

A1, Lee(23)dl] o3P Bute] Hrjeo] Zrledss H

A AxstE A 5 AS Aoz 7ETh30). ol Az grasts FAE UeRgo] & A8 fAKHA
A &Aks) Aol ofgh Awe] s}t fo04Q0 Ao=m
SMStAX] HIlof| ME HUFe] M eS| LERSETE
uge] W@MH A7kl mE Amyshs 2 M RT3) AR 7R ve BE s 7Bt
Table 32} 2t} thx+9] 75 7431 A737]7te] 223t (p<0.05). W] A== #77]7to] X|dol wpa} 74
of me} fold oz Pyl 7N tHp<0.05). L 9 A2 ﬂhtﬂ(é), 2 Ao AHEFEY AR7IhE Wels g
TollA = A7 E fAE HolX] ekgkon) 7} N3RS W AWE(T2) A2 TE AL =7 2 e
He #7118 uet AT 3 HE el /o3 ol & X%BHLE«] A7} 7170 732l whef fhashes Ak
Table 3. Color change of the white internal organs according to the addition of natural antioxidants
g ga g
Storage period (day)
1 3 5 7
Control” 64.58+2,047A9) 63.46+2.58% 65.642.52°% 68.22+2.79"
Tl 62.29+3.78" 67.36+1.94% 60.78+5.25 63.714.79%
™ 62.6443.59" 63.72¢1.98% 66.03£1.47* 61.2142.58*
CIE" L*-value - o B b
™ 55.87+2.60 5820+1.69 55.73+2.45 56.3842.07
T4 61.60+4.51® 58.68+3.26" 63022745 61.79+3.94%°
5 61.85+1.63*" 62.55+1.10™ 59.84+2.77" 63.19+4.06™
Control 9.51+2.15™ 10.62+1.48% 9.73+327%" 7.86+1.83%
Tl 549+1.13% 377+1.06™ 3.68+0.99™ 3154144
™ 455:2.71° 438+241° 393+1.41% 392+1.56™
CIE a*-value " " " "
T 23264243 18.58+0.63 18.12+0.50 17.91+2.69
T4 6.33+1.79% 4,58+2.20% 451147 416227
T5 498+1.80% 301£0.52™ 2.56+0.70™ 2.16+0.89™
Control 11.6743.56° 13.18+4.02° 11.10£3.34° 12.124320°
Tl 11.49+1.76™ 12.69+1.37™ 10.72+2.00° 10.85+1.55™
V) 1629+0.70%° 16.53+4.24° 20.04+4.11% 29.62+1.56%
CIE b*-value Bib B Bbe B
™ 23274423 19.98+1.71 19.48+2.06 17.25+1.75
T4 34.024791% 36.96+3.19" 37.6812.23% 38.1042.39"
5 1755141 1541151 14.8840.66™ 14.381.29°

l)CIE Commission Internationale de 1’Eclairage

Control no antioxidant, T1, Ascorbic acid 0.1%; T2, Artemisiacapillaris Thunb.; T3, Opuntia, T4, Sthisandra chinensis, T5, Saururuschinensis (Lour.) Baill.

Al values are mean+SD of three replicates (n=9).

i DValues with different letters in the same column for each color value differ significantly at p<0.05.

"Values with different letters in the same row differ significantly at p<0.05.
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o] zlgfo] Mo {o]H Q] Aol & Yo7 o, XAt
o} ehil o] Wu7} ol Aol G e ot 45t
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(p<0.05), o] & MNAx 1Fe] FH2 Mo 23t Zo= wAch
Hrh34). A= A7g713r0] 7 gl wha} wid 2(T3)
g AHN 2(T5) ATl A= Hashs Zdake] Uebson
(P<0.05) 7L 9] A= 7|3t wE fo)akE HolA]
e THp>0.05). T4kt AAlol whebr = QW 2KT4) A2
T7F A 082w gho]l UYEhson diz 3l HjEwl
C(T1) A=F7F B2 A3S B thp<0.05).

A7) ArHstE A 2 AT AT T e it
sty 2 Zejds SRS BEd AR1E(T2) Hel e
735 A7IRE B AT folH Q] WSk HolA] ik
o, 4.55-3.929] HZ =7 9 7|et ATl Hs)

S AaddE Bk ol %] st o w

a13)7) A4 A8S (2017)

Asted 2| AAks} A9} 7 metmyoglobin AJ/d 0] A=
AR AREn B3 d2m) % A Ts) A2l
A HAiAe] kst 280 ' 713te] Ratel] uhe} Ay
o gl Ago] UEht Aoe AekEn, oA Be
Farsl DS HYR A0ET2) AelTe] B ' DY
HE Uenigln Q% 228 559 27 ol5e
Ao ofgt Ao w J&%%ﬁ}(p<005) Kim(5)2] A7) <]&}
W A A RA V)5S gt HeR Uﬂ;}t} 0l
ol o2 A ] ofsto] aAjA|e] 54 Hgo
A &= VIAA EEPE}J_ H 138} oM, Lee(22)
-l 0]]/\13: Wz 2uks 37].6} °k7§-/] Aol A Wi
Bide] 190l b g ol At

Bt} o]lgst 2ae widx

o] w|EpA] ol (betacyanin) 2} £}
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Table 4. VBN”, TBA? and pH change of the white internal organs according to the addition of natural antioxidants

Storage period (day)

1 3 5 7

Control” 6,360,059 6.43+0.06™ 6.47+0.06™ 6.61+0.01*

Tl 3404001 3.40£0.01% 3.5440,07™ 3,63+0.06™

™ 5.77+0.06% 5.87+0.06™ 5.87+0.06% 6.10:0.01™

pH Db Db b Da

K] 4.27+0.06 4.30+0.00 4.34+0,07 4.63+0.06

T4 343006 345+0,05™ 3.53+0.06™ 367+0.06"

T5 5.60+0.10% 5.7740.06% 5.8340.12% 5.87+0.06

Control 7.86+0.84" 10.63+1.39" 14.60£1.71% 1630231

Tl 6.58+1.16" 750+1.11% 8074112 947+1.48%

VBN V) 6.93£1.46" 8711.16" 8.79+1.40%7 8.99:0.85
(mg?%) ] 7.140,85" 9.93+1 40" 11.10£2.93% 12.84+178*5¢
T4 7.13+1.40° 11.11£1.76™® 11.611.16™ 14.1443.42"%

T5 6.40+0.56" 7.1320.64% 742+0.64> 11.02+1.40%

Control 0.15£0.03° 0224001 026:0.01% 0.36:0.04™

TI 0.1120,01° 0.13:0.02 0.16:0,03%® 0.18:0.01™

TBARS T 0.11:003" 0.142002°* 0.18001™ 0.19:0.02™
(mg MA/kg) ™ 0.140.02° 0.19+0.04*® 022+002"* 023+0.02™
T4 0.13+0.02° 0.19+0.01% 0.23+0,02"%" 0.27+0,03™

T5 0134001 0.17+0,0145 0.17+0.05™ 0.25+0.05™

VBN, volatile basic nitrogen.
2)TBA, thiobarbituric acid reactive substances.

Control no antioxidant, T1, ascorbic acid 0.1%; T2, Artemisiacapillaris Thunb., T3, Opuntia, T4, Sthisandra chinensis, T5, Saururuschinensis (Lour.) Baill.

All values are meanSD of three replicates (n=9).
“*Values with different letters in the same column differ significantly at p<0.05.
%Values with different letters n the same row differ significantly at p<0.05.
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Table 5. Microbiological change of the white internal organs according to the addition of natural antioxidants

Storage period (day)

1 3 5 7
Control” 36340137499 4,0240.10™ 49120.16" 5.88+0.06™
Tl 1.82:0.11% 2.04+0.12C™ 2.16+028% 2.88+0.06™
Total cell count V) 1.58:027% 1.78:023% 2710.09™ 285+0.15%
(CFUfg) K| 2.39:0.10% 2.76+0,65% 3.32+0,09° 4.09+0,08%
T4 2.86+0.06% 3,66+0,08* 3.71+0,08% 4.90:0.10™
T5 2.1240.16 24840115 3414027°% 3.53+0.06™
Control 1.59+0.16" 1.7440.06" 1.90+0,08"" 1.94+0.14"
Tl NDY ND ND ND
Ecoli T2 ND ND ND ND
(CFUg) T3 139:0.12° 1.59+0.16® 1.84+0.09™ 1.74£0.06"
T4 150028 1.69£0.12 2.00+0.06" 175021
T5 1.3020.00 1.54+0.34 1.60+0.00° 1.69+0.12
Control 2.04+0.06™ 2.1540.04™ 2.20+0.02" 2.80+0.14™
Tl ND ND ND ND
Coliform bacteria T2 ND ND ND ND
(CFUfy) ] 1952007 2,04+0.06" 2.08+0,05" 1.90£0,08°
T4 1.99+0.12* 2.13+0.07* 2.15+0.114 1.930,04%
T5 163021 1.74%0.06> 187+0.12° 1.8120.05°

1)Control no antioxidant; T1, ascorbic acid 0.1%; T2, Artemusiacapillaris Thunb.; T3, Opuntia, T4, Sthisandra chinensis, T5, Saururuschinensis (Lour.) Baill.

All values are mean=SD of three replicates (n=9).

“FValues with different letters in the same column differ significantly at p<0.05.
Values with different letters in the same row differ significantly at p<0.05.
IND, not detected.

4)a-d:
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