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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. (T2), 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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H)7b ZUE 5 9 Q1714 Folke), @AZA FA
QP71 E, shelflifeo] e B37k vlu| @ g o 914
shu 9 Ae] A8kE olAlalol & Aoz Aekar)

oke] HES ATsAY free radicals FE 3 A7) B
ol EASAIT LRk o2 altsiAl S Hrtshe Wi ol
21 59] sbstA o] 45 a1 JThT). GAsHA e FRZ
= olu] =4t A E, tocopheroliF, carotenoid, phenolF<F
2o HA 4iksiA|e} butylated hydroxyanisole(BHA),
butylated hydroxytoluene(BHT), tert-butylhydroquinone(TBHQ)
So) 4 AL Qe 4 BASAE B3 B
< HAAIT AW E F72 Al HoldA 9] 7hsd

e Bew 7 &4 5o AE 4o 3l

n
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A ZA7E A71E 0 ol mE AH|AbEe] ARRESC
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UTHT9). HALAE o] &3 itsl Aldd #gt A=
22ukg], Alo]A], gy 59 EFE FHoZ &Est
Al o] Fo A2 gl erk(10,11), Tl HE HAnAle] it
g} A 2o gl TSt A7} ny]gk FoR stk
(12). T3k 25 Frbgol giksl AAlE #rtste] A 4tks
of tigt JaFs A+e AFS Ao YEpT
b 2 ATE S5 FARED U] A7 3
S EXow HE HAALANC AR (Artemisiacapillaris
Thunb.), ®\d 2(Opuntia), 2.V K Schisandra chinensis), 2+
W 2 (Saururuschinensis(Lour.) Baill)F&E2] d4talsS&
S, =R 7ol A G5t A7 E Ak,
pH, volatile basic nitrogen, thiobarbituric acid reactive
substances, U] A &34 WIS Folo] ATE £33l

S-S
B A AHEE E5 B U A B 20179

Al % 52 phenol 331, flavonoid, vitamin C, (3-cyanin,
B-xanthin &< 3t glof, et gitslsS ot
3 UTH(13,14). FAtsl S S LA R AE HALRA
91 QAL Artemnisiacapillaris Thunb.), ¥\ Z(Opuntia), 27 At
(Schisandra chinensis), 2™ Z(Saururuschinensis(Lour.) Baill.)
£ A5 AAPelA Fhste] WE Bt e = A 7det
o Ade] AR AT

HA gutst Axff 52 M= Y AH Y
gakslgby B8 DPPH radical 3 superoxide anion
radical 2272, obAAE AAZA ) e B e o

oA 3AIZE FFAe R FE3 H, o IA|(Whatman
No.l)E o] &3t o Hsiat) Ad FZ29L s|HdFH/
557 *]|(RE2000B Rotary Evaporator, Henan Touch Science
Instruments Co., Ltd., Henan, China)Z ©|-&3lo] ¥&3) 5,
FAANZE T FAXER o] &SlTh 7 &Ale] & A
A 55 & FAE vlaste] kst Ao FEFES
T8 H, FAkstaA] A8l e x| dA4ks) g st 219
A3 A= 955K U¥] 10%9] st aA] FE2ES A
shaL, 749 A7 & 24 1HH o= o]3lEkA (pH, A
=, VBN(volatile basic nitrogen) % TBARS(thiobarbituric
acid reactive substances) % T| A &2 (WA T, AT
T B o PHELS FUskTh

DPPH radical 2~2H&A

A% AAL2AF2 =552 DPPH radical £A 242
Blois 5(16)¢] WHel we} 1-1-diphenyl-2-picrylhydrazyl
(DPPH)OI| ti&t HAtFoeS 43t 2t F2E52] It
sbe8S Y 24 55 02 mLol 4x10* M DPPH
0.8 mLZ} 99.9% oll&t& 2 mL& &§ste] F o Hujr}
3mL7t H =% 8kl o] wkg-S oF 1027 £ &
Ao 1027 Bt & F3333 =7 (Spectramax M2,
Sunnyvale, CA, USA)E AH&-3te] 525 nmollA] §4=5
=25} th. DPPH radical 2AA A== F289] H7l
o FEES WA 8 TRV RS Sl Ui
&2 JEMAYE ETEZ O R Lascorbate S AH&-35to] &
A3t WHo 7 FH3le] A& AFJA S ZHE DPPH

radical 2AEA S vl wslith
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Superoxide anion radical &Hs

Superoxide anion radical 475 Marklund2} Marklund
(179 W] Fate] A8 2™ superoxidedl] <3 4t
315 &= pyrogallol®] AFSIEEE AAA 7= DB 2 S
Atk 7z FZE 02 mLol| pH 85% HF3T tris-HCI
buffer(50 mM trishydroxymethyl]amino-methane+10 mM
EDTA) 3 mLell 7.2 mM pyrogallol 0.2 mLE 3 7}ste] 25C

oA 10%7F WFX]EF 3 1 N HCl 02 mLE 37}so] uhe-&
A AT o] whg-H- 3333 5 A (Spectramax Mz)% AL
&3t 420 el A FBEE S 6t AlER7E B Tt
T 7re] F4= AolE MEEE YeERQIt Lascorbate S
EFEAR Sy o g =F3lo] d2 xFIiory
E] o] 7|2 & Superoxide anion radical A~ 84S Y|

SFh

Nitrite scavenging 2HS

oAt £A%E o] 8- FakslE AL Gray S(18)
g] H]—]:H oﬂ /] o]—Cﬁ _z_;a 5} 9\/\1'4. 1 mM NaNO, & g_ou 0.1 mLoﬂ
7} 225 02 mLE 7}etn gEdo g 02 N A4S

AH-g-sto] ¥h-3-8-91e] pHE 7}

3600 % HYT thy whg-&ole] #3915 | mL7} HE=S
SATE 37TCellA] 14]17F 51t o] & RHEAIZ] v o1 7]
2% acetic acid £ 5 mL%} Griess A 2F(1:1 H] &2 30%
acetic acid, 1% sulfanylic acid, 1% naphthylamine <33t
) 04 mLE 7tete] 2 EFAIFITE o] & 1583 A -2ellA
W2)A1Z1 % 520 nmel|A] -‘?—%%}Eﬁ] (Spectramax M2)E- A}
&3t FREE SYsto] 1HEshe oA S FEk
th thZ7= Griess A9} fﬁ/ﬂ S5 04 mLE 75k
ol oba g

7} 1.2(0.1 N HCI), 3.0, 4.2
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1A17F E4F WhgA]7)

Jasco, Japan)E ©|-8-3}o] 750 nmell A

UV/VIS spectrometer,
FE=E =35+

—g__ o=
t}. Lascorbate 2 EFEA R 3lo] U3 oz =233}
o A& ATFHCRRE ol8 V|Fo 2 A8 TH T
=

Ze)vlE FHmgh)= T8I

7é1

WEe pH ¥ MES
ko] pHE %% g< #Hst] SHF 45 mLEg

o] homogenizer = 1:}% pH meter(Model 13-620-

530A, Accumet, Malaysia)& AF8-3te] 2} A5 & 3
=43k th T3 A== A (Model CR-300, Minolta
Co, Japan) = 93] WHE3slo] L(HE), a(dA %) 9 b %)
Zro 2 Jehpgdet o] ) 1=97.12, a=-0.13 & b=2.14%
TS AR EEsketsl

uiato| S| 47 [ef EAE=E(volatile basic nitrogen,
VBN) &3

Conway unit®] W2 0.01 N H;BO; 1 mLZ} A|A]<F
(0.066% methyl red in ethanol:0.066% bromocresol green
in ethanol=1:1) 50 pLE {11 A W7d A5 5 gl
SHT 45 mL2 ¥ 7#23kgE & o] 712 (Whatman No.1)
Z o]gslo] ol3td A8 o9 1 mL¥ 50% KoCOs 1 mLE
Hol AQurzg] L A|Zth o] F 37T incubatorel] A 907t
HESAIZ] $ 002 N HoSO. 2 Al&3] A sisinh 348+

= A5 FEA gl S/HRFE ARSI 45T
- XX X X X
VBN(mg%)- (a-b)xx0.02 1S4.007 100%100
a: 2AE A% LB EHmL)
b: FAE A% 4B EHmL)
f: 002 N H,S0, 53} A
S AR

ByLljzte| X|EAtmiE (thiobarbituric acid reactive
substances, TBARS) &3

AT = TBA 35922 Witte 5(20)2] HHHS
o]-g-3to] Sttt WUl%d AR 10 goll 20% trichloroacetic
acid(TCA) 2% (in 2 M phosphoric acid) 25 mL< % 7}5}k]
14,000 rpm ©| A 287F #A3A 7] T A @ Aol SFHF
50 mL2 A-%-31 183F wukate] o #shdct. 1eja o2
g oo 5 mLollE 5 mM TBAS F7lsle] ehalolA] 15417
UAAZL F 530 nmoll A FHEE S0 v 2ol

olsf AlxkskA

TBARS(mg MA/kg sample)=Absorbancex5.2

4225 mLg ¢ o]
A «V—i‘ﬂ 1 mL—‘é— =K
count agar(Difco, Laboratories, Franklin Lakes, NJ, USA)H]

1S <k 20 mL 7}sle] 37°Col|A] 48417t w3t & FAJE
Here ASsg
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iAo chaea % & F = &3

UUbA| T S ol AF8-E Escherichia coli 2 coliform
bacteriat= TAHZE 3]A3F T} 3M Petrifilm Plate(3M,
St. Paul, CA, USA)°l| 1 mLE E33}o] 37TCol|A] 24A]7F
Hjeket & PAE FEN V|25 It JEE E o=

A4 %} t}. o] & XE3h cohform bacteria= A2l ol] 7]
£ dAste As AlFsiit
SAHIXZ|

YAz} BAHA-E SAS program(Statistics Analytical
System, USA, 1999)2] GLM(General Linear Model)
procedureE E3t] A8k 3, A F1te] Fiv|ne
Duncan®] t54% & B3dte] o4 Abe](p<0.05)E 4
=g

omn ]x} EUIRARE A a 1445%, 19.61%, 37.46% % 1174%
2 FI37 YR (p<0.05), 2u|Ake] FE5E0] 71
=oen AMzrt 7pg B FE5ES YeEhidth
(p<0.05). Shim 5(21)2] Aol 2JstH HA FEE9] &
o FZ8ulo me} o] GeRltta 3, 70% of g
FZEAA 41t Aol 1124%9] &S UrE‘rlHM_
3 Min 5(22)9] A7 E ASTEH ] =71 2
0% ollg-Zel 5
< YeEL

2235195 W) 247} 41,109} 33.50%2)
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Table 1. Extraction yield of natural antioxidants

Schisandra  Saururuschinensis

Artenuisiacapillaris .
Opuntia chinensis (Lour.) Baill.

Thunb.

Yield (%) 1445£2.99%)  19.61+580° 3746207  11.74+141°

Y <Values with different letters within a row differ significantly at p<0.05.

314 A247 AIBE (2017)

& |

AAdrAle] kst &49& St vlug =
Table 29} 2t} DPPH &it)Z AA %S E5E4 =2 A1eH
L-ascorbate 2 A £J8}a HALA] 5 <1
2 71 =A YElstthp<0.05). Superoxide anion radical
2ATE oA AolE Ho|A| FUAINE AL 7F
30.52-36.45% 2] W92 EFEA <] L-ascorbate(14.23%)°
Hl3l =] e THp<0.05). oFaArT A2 X oA
7} L-ascorbate Bt} =& 73S H9lon =& DPPH 4&A
S BYH QAL F5E0] 9537% % 7Y =& oA

g 2ASE HATHp<0.05). KimZ} Kim(13)2] 7ol A
—t— o) 71220] DPPH 2Ht]Z 274 %<] 1, 10, 100, 1,000 pg/mL
o] o] wt 21.4-65.6% = =& S JERN I, Lee
(239 04?011 ofsh wihdZx - H74rke] DPPH 2t
< 13.19-50.00% = thZ7-(6.09%) .t} =] e}
1;}1\—9‘13:] 1;11‘41/:]54 Hu]— 7<47]_ato] _47]_2#1\& l-—_o o]_z]/\].oﬂ
2ASE BT} =& oldald AAS e gaksl 4o
Z7t2 B £ 9lom o]z]_{/ﬁ’:J,]_ g 0] gFakslA] o] EHA]
%&ﬁ}ﬂl%— A& g drkete] & Aot Ak 23S
YERH A TH(13,23).

% ZPvE T AARA FolA AX%E FE2Eo|
37.89 mg% = 717 i—% fom 1 o Whidx FE5o)
2657 mgh=E ¥ TS EAth(p<0.05). °|= DPPH
radical 22A ST} o}H A Aol FelH oz A Y
Ed AALAER, Eelvs gy kst E4do] &
o] AHHAE Y3 ke A+ 2ot ATk
25). H=3PES FAVE B3 4 TS B3
o ZE3 FHsle] HgskE F e e F2E 7
3 9le] gatsl &4 JiRlths Bavt doke). 2 2
ATAME HAARAE o] &3 itst AFE st
o) Ouﬂ ﬂ]b:p:]_z\s’:]‘E-J -s]—al:_ﬂ} galsl A T o] AR S é_
| o}OﬂE}(s 13,23,26). Nam 5(26) Q1219 ogbe 33
B 350 Folst] A ZelzHE 2 FAES A

=

A7)Ee S AAUALE MAEG o, Lee27)E Q1712

Table 2. Antioxidant activities and total polyphenol content of natural antioxidants

Artenisiacapillaris Thunb.  Opuntia ~ Schisandra chinensis — Saururuschinensis (Lour.,) Baill.  Ascorbic acid
DPPH radical scavenging activity (%) 16.841.08" 13.83£1.00° 7.54+1.38° 8.97+3.68° 99.15+0.43"
Superoxide anion radical scavenging activity (%) 30.52+8.47" 34.60+0.95" 36.45+2.14" 36.01+0.44" 1423145
Nitrite scavenging ability (%) 95.37:0.15" 94.79+0.44° 92.64+0.13° 92.44+0.07° 88.58+0.35¢
Total polyphenol content (mg%) 37.89£1.52° 26.57+0.61° 7074051 3914034 1309146.78"

YValues with different letters in the same row differ significantly at p<0.05.
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E9] 437} glutathione peroxidase(GSH-Px)$} catalase
o] gprksl gaAle] S-S S7MIA 1 &4 X853t
31 8o QIFISe] =2 gitsl S kol gigt AFE %13
BT} EEEF Seo 5(28)2] Aol oJehH Mz A
FaFolsE 7IIvka YEREC™ linoleic acidel]
Areted el A 0.1% BHT9F 22 o] 73t gitst
7HETE T3 Qu|a} & Eo] dtal S-S S
£ Hurt gldlon ol B AgoA fejzowm
Z ZPdlE g9 Filst S48 Hel AT ¢
ATt ALEETH14,29). FlEskshE2 dits) 24,
24 o A IR A& AldE =
PASA & A 7hessttha ddE o] SAlF A7
AMSLE dAE § IS Aoz 7UETH30).

ot

of
o

b3

oot

¢

[
o oot p Hir AL ®

> ox M|l S rlo oo

-

)

oA Aol mE HujEe] Mz st

Mol A gakstaia] ool wE Mzwss
Table 32} 2t} tj2+9] 75 797te] A3717t] 742t
o] W&} feold oz HErt 71 thp<005). 1 £ A&
TollA = A7)2tel| 2 fojaks Holx] kot X7t
HE H7beol et AT 1t Hx ghe] o3 Aol s

Table 3. Color change of the white internal organs according to the

B om(p<0.05), A& 74 Al BE At 2+
Hop @2 g% kS Ve A THp<0.05). Oh & (6)° w2
A A G713 o] Aol whel Aebike] ik g fol A
ztol & UetliAl & ko Hat S7tete 415 e
Aom, Lee (329 AT E =5 Han|d A
83l Wl A7713to] Al whet W=rt S7kehha
Busted], & A et fake B3-S Ve
of Aelqtoll H7Iet gikalEo] W S 713 R
2 AR TE E3F Kang?} Lee(32)v A2A1A] o betalain A%
o] A FEEQ &utg AN AAE AU S o
A74713) wet W gro] oA o g Ahadtta Hast
AL, Lee(23)cll 2J3h¥l fute] Hriate] Zras Y
#hol Ak Faske FAE Yehdo] 2 A3 fAkeH
A Fakst Aol ofgk Ao WMyt fo#4¢l Ao w
e

I 3 WA Rms) ATt 7P B2 W
(p<0.05). MjFe] AN &= 2 F7|7ke] A
shetle), & AP AgTEe] AR
AR S Wl A (T2) A2 F+E AL o g
A 5] QA st 7|13t sl met st

addition of natural antioxidants

Storage period (day)

1 3 5 7

Control” 64.58+2.049A9%5) 63.46+2.58% 65.64%2.52"% 68.22+2.79"

Tl 62.29+3.78" 67.36=1.94% 60.78+5.25™® 63.71+4.79%®

- 2 62.64+3.59" 63.721.98" 6603147 61.21:2.58*

CIE” L*-value b Ca Eb Cab
T3 55.87+2.60° 58.20£1.69 55.73+2.45 56.38+2.07

T4 61.604.51* 58.68+3.26" 63.02:2.74%% 61.79+3.94%

15 61.851.63"" 6255+1.10% 59.842.77% 63.19:+4.06%

Control 951£2.15* 10.62+1.48™ 9.73327*" 7.86+1.83%

Tl 5.49+1.13% 3.77+1.06™ 3.68+0.99™ 315144

i} §v) 455:2.71° 438+241° 393141 3.9241.56°

CIE a*-value " " ) -
T3 23264243 18.58+0.63 18.120.50* 17.91%2.69

T4 6.33+1.79% 4.58+2.20% 451+147% 4.16:227%

T5 4.98+1.80 301£0.52™ 2.56+0.70™ 2.16+0.89™

Control 11.673.56 13.18+4.02° 11.10£3.34° 12.12+3.20°

Tl 11.49+1.76™ 12.69+1.37™ 10.72+2.00™ 10.85+1.55™

} ™ 16.29+0.70%® 16.53+4.24% 20.04+4.11% 29.62+1.56%

CIE b*-value b " e B
T3 23274423 19.98+1.71 19.48+2.06 17.25+1.75

T4 34.00+791* 36.9623.19* 37.68+2.23* 38.102.39*

T5 17.55+1.41% 15.4141.51® 14.88+0.66™ 14.38+1.29%

UCIE, Commission Internationale de 1'Eclairage

3
4
3

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

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

)

IControl, no antioxidant; T1, Ascorbic acid 0.1%; T2, Artemisiacapillaris Thunb.; T3, Opuntia, T4, Schisandra chinensis, TS5, Saururuschinensis (Lour.) Baill.
)

)

*PValues with different letters in the same column for each color value differ significantly at p<0.05.
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YER A THp<0.05). Oh F(6)°l =™ FAkEo] 4sf

Zlggo] Aol {olHQl zfols o om, 2| H Al
o] Wyl dojdrs A} FAwT) 7has)
FAE YeR Atk webA 718 Az W) A9
Jé%‘r(m) A 7F 7 = A kA S T o
Aolgta Ats Tk Eg A7) 7F B2t ¥id 2(T3)
%%EHL% 718} A2l 7Sl Hgl =& AN=E JehiEd
(p<0.05), °]= Wdx 1He] FH2 Mo 93t 2oz Atk
Hoh34). FAE=E A7)|7ro] Z2pge] uhe} whd 2(T3)
A 2(T5) A2l oAl e Hashe Al Uehgon
(p<0.05) L 9] Az Ag71 e fFoxE Helx]
2 tHp>0.05). F4HEF LAl Wb s @nlkT4) A2
Tt frelHog Ee gho] velgon iz 2 Hjgl
C(T1) AZT7F @& AedS HAthp<0.05).

B oA Arals Av 2 Ay A F 5 Gt
384 9 ZedE FHS BEd AWE(T2) Al
739 AA7I1ZE Bl L] folFQl vigls HolR] g9k
on, 4553922 HYE v+ 9 71e} X2l v]s|

e A Btk ol Axi%e] Yas ggow

AT mao

° rE rir jg 12 o

l

R
tlo

olste] 2| Aaksl oA 9} 37| metmyoglobin A4J0] A=)
L Aoz AlgE) I3 whd x(T3) 2 Ah=(T5) X2 T

oA HArAe] ksl 2o ' 7)7ke] At whah gl
w7} 7Hadhs Akl Uehd Aoz shoken] oby ke
arsl 4L BR oy]%crz) A7) S we P

T s el X% FE2E 5659 Fa T
Ao gt Ao JJF%%‘:]F(P<005)- Kim(5)2] 1] ofs}
A HA A 2A TeE e A= ‘/}E]r <9
FEE0] 9] of T Mo ot AlR]e] £4 Hﬁ_"ﬂ
AR G MIXA] Eethal Bk o™, Lee(22)
o] AFolMe Wdx BdS Hrieh ] Azeqa] whd
Z 4 Artee] S/t E Yie Yol Az e}
FAE = F7Vete AedE Bt olgfg Az widx
of F-fE Al A o] e ol (betacyanin) 2t S

A4 o] W) E}2HE] (betaxanthin) W o)™ E A @ oA wid X2
(T3) AH+7F A% 27 =& AANE23,2009 A=
(23275 YERd A A A28 JERAQITE whebA
AARANE o]k 2 SHAHEC] 4kt by H7HE S8l
A &) AHA ] o] HIEE FAld| Kl ofol & Aot

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” 6360059459 6.43+0.06" 6.47+0.06" 6.61+0.01
Tl 3.40+0.01% 3.40+0.01% 3.54+0.07™ 3.63+0.06™
™ 5.7740.06% 5.8740.06% 5.87+0.06% 6.10+0.01™
pH Db Db Cb D:
T3 427+0.06 4.300.00 434007 4.63+0.06™
T4 3.4340.062 3.45+0.05% 3.53+0.06™ 3.67+0.06%
T5 5.60+0.10® 5.77+0.06% 5.83+0.12% 5.87+0.06™
Control 7.86+0.84° 10.631.39* 14.60+1.714 16.30£2.314
Tl 6.58+1.16" 7.5041.11%® 8.07+1.12°%® 0.47+1.48
VBN T 6.93+1.46" 8.71+1.16" 8.79+1.40° 8.99+0.85°
(mg%) T3 7.1440.85" 9.93+1 40 11.10£2.93%% 12.84+1.78*5
T4 7.13+1.40° 11.11+1.76"® 11.61+1.16™ 14.14+3.42%
T5 6.40£0.56" 7.1340.64% 7.4240.64™ 11.02+1.405
Control 0.15+0.03° 0.22+0.014% 0.26+0.01* 0.36+0.04
Tl 0.11+0.01° 0.13+0.02%° 0.16+0,03%" 0.18+0.01™
TBARS T 0.11£0.03° 0.1420.02°% 0.180.01™ 0.1920.02™
(mg MAJkg) ™ 0.14+0.02" 0.19+0.044 0.22+0.024% 0.23+0.02%
T4 0.13+0.02° 0.19+0.014B% 0.230,02°5 0.27+0.03™
T5 0.13x0.01° 0,170,015 0.17+0,05% 0.250.05%

VBN, volatile basic nitrogen.

UTBA, thiobarbituric acid reactive substances.
3)

)

s

All values are meantSD of three replicates (n=9).
5

%<Values with different letters n the same row differ significantly at p<0.05.

*EValues with different letters in the same column differ significantly at p<0.05.

Control, no antioxidant; T1, ascorbic acid 0.1%; T2, Artemisiacapillaris Thunb.; T3, Opuntia, T4, Sthisandra chinensis, T5, Saururuschinensis (Lour.) Baill.
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SHtEATH MTtoll e WLiEe| pH, VBN % TBA B3}

el A FakstiA] A7t wE pH, VBN 2 TBA
H3l= Table 49 2t} A7 713ts BE A FECdA
ksl H7b F feld o= pHYt S8 e B
ALt ol A5 AT oA G2 A o] F3l = A
714k AlE, dHistel= 5o BERAAAAT A4S ) gEY
o} A4 5o FAgoz gl pH7t T7HE R oz AlEHET
(34,35). A TEL 7o vla] & pHatS YERAS]
om 1 5 9mA} A2 K T4)7} HIER! CThet 3 7
S YERETHp<0.05). o= Qm|AF F+EE(pH 3.3)3} H]E
HIC A1) w2 pHE 18] B2 3he Hel Zloz dvkd

VBN w8l fgjoln]iqhe] Zafof oste] A
= 259 A Hsfjo) ik H =7} "k
(37). VBN =% A3k, 713 2710l 77 27
o} frol A zfol & HolA] kot 7]zto] A #gte| uhek
A 7L 2ol = A 2] 77t 8.99-14.14 mg% ] M & 16.30
mg%°] thz7ol| BlEl e ghE YERITh o= AEF
Zof oJgh 2] 5A41F VBN &8 gHA k] 20 mg% H.oh(1,31)
W gro = hl o] Wslyh dojuA] e o wety]

H oA o2 T Blste] Tl o] Wl 239
Y= = Ao r Algdth 53] IXI4(T2) A2 77} frel
Ao o gk Uepilen FFEd = AHEE HEm
C A2 HTH frAkeE = YeERAATE B3 Lee 5(31)
o] AFellM= A FASARI A} BT =5 HaH|d
A7 AL 1%9F 2%<] 2] 7oll A tlz7-el H]&l] w2 VBN
g Btk Baskgitt Kim 5(38)el ofatd
AVEIA| Q1 Bacillus polyfermenticus SCD °|§H-e &5}
HIER CE 22t "dn]ol| 37ketslg wf #17717te] 22
of e gz Hlste] W2 ghs FA181 3 VBN#
o] 3] F7tele A2 UETh mhaba] & AE oA
i Bzt AYPEHA @Fe Aoz grkyn, dA
Foaksl o] dibsl @33 gt abgol] 7]Qlske] A%
FAHES] A3 o] YERd Fo 2 AlsHTh
TBARS =% Z3}= Table 49} 2t} dukzlo g 280
A7 nAE dAL AT EA 59 ol f= A HA4tks)
7} g =]l TBARS®| #to| S7lete 4eFs Ho|=H|
(18), ¥ A= A7F713F Azl upe} o) 2o} M2l
BT F7bste A3t vErsth Akt AT
279 Bl e A% 123} E 0.11-0.15 mg MA/kg

ot

o i

O

Table 5. Microbiological change of the white internal organs according to the addition of natural antioxidants

Storage period (day)

1 3 5 7
Control” 3,630,132 4.02+0.10% 491:0.16" 5.88+0.06™
Tl 1.820.11% 2.04+0.12C%% 2.1620.28% 2.88+0.06™
Total cell count V) 1.58027% 1.780.23™ 2.71:0.09™ 2.85+0.15™
(CEUlg) ™ 2.39+0.10% 2.76+0.65"* 33240.09° 4,09+0.08
T4 2.86+0.06% 3.6620.08" 3.71£0.08% 4.90£0.10%
T5 2.1240.16™ 2480115 34140275 3.530.06™
Control 1.59£0.16" 1.74+0.06° 1.90+0.08" 1.9440.14°
Tl ND” ND ND ND
Eeoli §v) ND ND ND ND
(CFUfg) K| 139£0.12° 1.59+0.16® 1.84£0,09% 1.7420,06'
T4 1.50:0.28 1.69£0.12 2.00£0.06" 1.75+021
T5 1.30+0.00 1.54+0.34 1.60+0.00° 1.69+0.12
Control 2.04+0.06"° 2.15+0.04" 222+0.02% 2.80+0.14*
Tl ND ND ND ND
Coliform bacteria T2 ND ND ND ND
(CFUfg) ] 1.95+0,07*8 2.04+0,06" 2,080,053 1,900,088
T4 1.9940.1248 2.13+0.07* 2.15+0.11* 1.93+0.04°
T5 1.63+021° 1.74+0.06° 1.87+0.12°8 1.8140.05%

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

2

9 EValues with different letters in the same column differ significantly at p<0.05.
%4alues with different letters in the same row differ significantly at p<0.05.
IND, not detected.

)
JAIl values are meantSD of three replicates (n=9).
)
)
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o] HAAE tixTok AT 3t FAHE HolA] BUAIRE
U2 thzTet Blaste] fejAow vh g Kol
™ A7Z713E Fet o2 7k Aol FAIH AT QAR E(T2)
A2l 7ol B A% 79 Aol WER C(Th) Aol FurkE
Se BE vehlel & AQust JAABHS By
(p<0.05). Cho S(12)< ohd =g gitslido] geo =z
el @b 2R Aokl A1 3l ToARS
o FY WSE 2YT Ak, WA FAA Ak
712 A3t AH 7‘1’ 15 T 35-2] malonaldehyde &&F
o] 027-0.3 MA mg/kge] M2 FH712] 035 MA mgkg
o vl FelF oz v yehd F3S Bausigith £
A A = AHEE AL Sle oFEe =5 g 284
7 A Akl |A) = e 23 A, shEe] TBARS

@e A 27] el ujs) felH o veror] A
FALEIAIS] BHTSE AR ghe UERRSIE. 3 474 10
AR 2o M) fAHOR e S fA 3]
05% T2 SAIF H7F Al A4S} AA7L e d
Aolebar Hus k7). o]/de] Husy & Ad43E
T B S5 FAE HA dAsEE S AL Al
Hold A Ak} Hgstaants vebd s Zew
AtEE T

gitstAxy FHotol i WuiEe| ol EstE st
He] A atstaA) 7t wE n| Y&t sl
= Table 5¢F 2t} WAl TGF= A7 27] dlz27<F &4t
staA) A2l 77} 3.63 log CFU/g2} 1.58-2.86 log CFU/g]
HAZ A7 e a5 e M (p<0.05), A XP7]
7ro] Zdgtol| wet vz} AT BT Srlshe 3%
Bk gt Al 2F AukAlE v T et ‘d{
& T2t 7P SHA vEbsTh o] T AR Te
2 g o HEEA] sk TS frelabe
WERA] 9%9}9—‘/}(1?0 05) Wz vlaf kst A A
2|77} ot e BEow g2 Ao fel A
o= 5%3 iﬁ £ Ui th(p<0.05). 53] ¥ ZgdE
SrEF} ksl %“é = B39 Q1xl& A= HIER Co
HeIME =2 ndE 47 A &3 vehdlom =24t

sto] A Wk ole} =& Pt Xl oz AR
=3
o (o]
s =
B AFelM s A kst A9 Q1x1%, Mid %, o]
g A RS >:<§ Fete] Wiuzge] A& SXIA]
7171 et A5 &) stk A kst AAES
T2 F FETE Y P G S PolEa, =5 A
o ksl 2AES Hrtste] A *“E %, pH, VBN % TBARSZ

AFsFA T} 1 23} DPPH, superoxide anion radical, nitrate
T =2 %% FEollA AX&T NI X FE2E0] =2
Piksh &g UER ATHp<0.05). o123 23S Ed®
= W) o] A g-ste] AAF7I3E B9, 3, 5, 7Y)
sl B4 9 nAE HAALE AAles o 29 |
ANxe 7 AT wE fFoAE HolA °L9l£
(p>0.05), AYFEY ST = 7Hhstn AN =78t
B S HAtHp<0.05). pHE 0| A2 H 713k ezt
A7} vlEl ¢ Aelaz @A 71 e Aagks B9
omn, VBN A 2|77} sz vl @2 gha R
THp<0.05). TBARS 5% A, A 7}7]3te] 72 2ol wret
7t om thzol vlsl Ae]lFEe] BT W FXE
YERH AT UI%ESW HAsle A ¢ BF xRy
W2 AT E Blon, 1% At T
9 ot Tk 7& ZHA] o} w2 g 7l AL

ST oW

2 BRHELE el ¥ 9ol g st 29 7
£ 484 35E0] B8 2R B9 skl 2 el
o A AHE SAFRH, ol e AHE B2
£5 200 A3 A 19 A%4 F28E Arlacka
A4 Fol Fsd Ao AR

ZAe 2
2 ATe sESETY Ader wEAEe]
8719l A 7S/ (317001-3) 3 a7}
7HR A E7] &7 A (314068-3)2] Aol o8] o] Fol
Aol old] ZAt=HYt}
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