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Abstract

Antioxidant activities of ethanol extracts of Rumex crispus (RC) were investigated in vitro. Contents of total

polyphenols and total flavonoids in RC ethanol extracts were 108.24+3.29 pg/mg and 33.06+2.24 pg/mg, respectively. The
antioxidant capacities of RC extracts were high. The RC extracts were capable of directly scavenging DPPH free radicals
by acting as reducing agents. This study was also conducted to evaluate the quality characteristics of seasoned pork treated
with RC extracts during storage at 4°C for 21 days. Seasoned pork was produced containing 0, 1, and 3% RC extracts
and 0.1% BHA. The DPPH scavenging effect of the seasoning sauces was increased by the addition of RC extracts. The
total bacteria and TBARS values of seasoned pork with RC extracts were decreased compared to control, whereas coliform
bacteria were not detected after longer storage periods. With regards to sensory evaluation, seasoned pork treated with 1%
RC had stronger odor, juiciness, and tenderness compared to seasoned pork. These results suggest that it is possible to
manufacture seasoned pork with RC extracts for the improvement of shelf-life and quality.
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ato] 70% FHLE 33 g FERA, FEU92 A (No.
3, Whatman, Maidstone, England)S A}&3}e] o3&} rotary
vacuum evaporator(Rotavapor R-205, BUCHI, Postfach, Switzer-
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Z29E =S Folin-DenisH (18)2 5831 tannic acid
183t BFFH0RRE F ZEde S It &
ZelH o] S Nieva 5(19)2] Wilol 28] =43k &
A]E 100 uLE 80% ethanol 900 pLoll 34338k 3 100 pLE 3t
o] 10% aluminum nitrate®} 1 uM postassium acetateS E-f-5h=
80% ethanol 43 mLel Egtate] A2 407 AT H
415 nmelX FE=E 3. oldf 3 flavonoid -2 quer-
ceting o|-&-3ale] 23t FFEFACZRY FFS FsIAT

o

Ferric reducing/antioxidant power(FRAP) &3

FRAP assay:= Benizie®} Strain¥(20)2 96 well plateol] A
AT AR HESAL 300mM acetate buffer(pH 3.6)
:10mM  TPTZ(2,4,6-tripyridyl-s-triazine):20 mM  FeCl, - 6H,0&
10:1:12] B]&= 238 A BEo] ARG vredsl A&

[<]
£ &3t 427F WAIZL £ 593 nmelld FEEE SA S
ok A2 8L 0.1-1mM FeSO, - THOE FEFA4E 2H4

sl FE8E 1 g3 Fe*' mmoleZ EA|5ISI T}

a-o-Diphenyl-B-picrylhydrazyl(DPPH) radical 27{&Hd

A89] free radical A~7HEA3S stable radical?l DPPHel
AAHE A3 Zo 7 99% wEkEe] ZF AEE Ho] F
2 343k g4l 800 uLet HlEHEol| =21 0.15mM DPPH
200 uLE 7hste] Ao 302 WAS ¥ 517mmelA &
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Table 1. Formula for seasoned pork containing Rumex crispus
extracts

. Treatments (g)
Ingredients
C Tl T2 B
Pork loin 80 80 80 80
Seasoning sauce" 20 20 20 20
Rumex crispus extracts - 1 3 -
BHA - - - 0.1
Total 100 101 103 100.1

DSeasoning sauce were composed of soy sauce 37.5 g, sugar 16.25 g,
black pepper 0.375 g, oyster sauce 10 g, worcester sauce 10 g, bay
leaf 8.375 g and water 17.5 g.
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ohd A29] free radical 27 BASL AE|Ao] F2E] free
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FAEZ 24k oln DPPH &71%5 (%) [I-A182 &3

SAETY FHE)x1000E JERAITE

pH, = ¥ SM &3

A AES AR 10gS S/FT 90mLet 7 homogenizer
(Nihonseiki Co., Osaka, Japan)Z 5,000 rpmollA] 3%7F 23}
pH-meter(Metrohm AG, Zofinyen, Switzerland) % = A|(TM-
30D, Takemura, Tokyo, Japan)Z =743} th M= 3 XA}
o] 4oCol A4t ARE Este] Ao 37 WS the, 03
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3] vk 48kt
YR 2
&

ot 4%
=)
ng

=5E A8 10g0 BFFFF 90mLE H7hshe]
Stomacher(LB W400, TMC, Seoul, Korea)S ©|-&3}o] 1& 59+
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825 FH 45l F 44 plate count agar(Difco Laborato-
ries, Detroit, MI, USA), W75+ violet red bile agar(Difco
Laboratories)E ©]-83}e] 37°CollA] 24A17F wjfst & Uehde=
colony®] & A3l

X2l = (Thiobarbituric acid reactive substances, TBARS)
% 34t HIEf B (volatile basic nitrogen, VBN) &2 &3
A es AR 5gol SR 15SmLE F7bsl] dshA
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2 F 42 5mLE AgH] Hdl 72% BHASS 50 s 3
7Fste] 2 EE3F % thiobarbituric acid(TBA)/trichloroacetic acid
(TCA) EFENS 5mL H 7}%} the 90°Ce] FLFxoA 1587
7+ 7FEsiTh2l). ExE] & WZAIA 3,000 pmellA 1587
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HE ¥ F FetHcol= $He 7M7) tannic acid, querceting 7]
TEHR sto] S4 3K TH(Table 2. 2 A, o] A7 F E
HE ghake 108.24+3.29 ug/mg, & ZEtHeol= RS 33,06+
2.24 ug/mgo] 3t}
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FRAP "' DPPH radical 427 249 24 ah= vi7lu&
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DPPH free radical 2714

aE|ge] #Ew9 DPPH &7 24e 34T 23, 100 pg/
mLo] FEolA 96%°] LAGE TS Hol, FINEZR] 10 py
mLe] BHAS} 79| 53 DPPH &7 4L Bk &3 &
Aol FEE9] DPPH &7 4o tidk RC,, 32 1929 pg/
mL ©]Ath(Table 3). SF=AF SF&21E F 71Q] w22yF ¢
B Y AR A9 RC, #el 742 6447, 394, 46, 444
pg/mLelghs B (26)9t HIws|A Aol F&=¢] RCy, #el
1929 ug/mLo| B2 o]E A|EHtY ¢ 943 DPPH &£AZAE
7RIS ERlsiith webd Lol e EYdssieE %
ZelHwolE g TIAE $5E s aAleta AlsET

22140| £58 #F YLl DPPH 274EY

Aol FEE bl o d A&29] DPPH &AEE S
243 A3} Fig. 13 o] thx7R 2o 259 5&
7t F7VEEE ATl ST & 05% FEE FA7Hl
A 63.71% AT AASS HolX, 1-3% F7FFlA= 69.95-
72.77% AT} o]= AR} = Hx Hrlol ¢
3 hdazol kst adt FrkelAthe A3K(12)9F Ak
7ol ). wEhA Aol FE2Eo| 71K kst &g <)
o1& 7S FdazoXr kst o] EAltY, gAY ol
A7bet PhiE AT ESXE Fitks) Aol

FH

220§ AIISH dHESS pH ¥ Y=o Hst

Lol F2ES 1% L 3%E H7KE HA FISS Ax
atod 4oCoA] 2197 AABHAA pH 2 dxe] wslE =438
ZAZ= Fig. 20 VENI. A %27] pHE 5.05-5.072 e

Table 2. Total polyphenol and total flavonoid contents and FRAP (ferric reducing/antioxidant powers) activity of Rumex crispus ethanol

extracts

Sample Total polyphenols” (ug/mg)

Total flavonoids® (ug/mg) FRAP value (mmol Fe’/g)

Rumex crispus extracts 108.24+3.29”
BHA -

33.06+2.24 5.47+0.70
- 64.81+0.82

YMilligrams of total polyphenol content/g of plants based on tannic acid as standard.
?Milligrams of total flavonoid content/g of plants based on quercetin as standard.

9Each value is mean=SD (n>3).
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Table 3. Scavenging effects of Rumex crispus ethanol extracts and butylated hydroxyanisole (BHA) on o,a-diphenly-f3-picrylhydrazyl

radicals (DPPH - )

Sample Concentration (pg/mL) Scavenging effect (%) RC;, (ng/mL)
10 32.02+3.16"
Rumex crispus extracts 50 91.08+5.04 19.29+0.77
100 96.31+4.71
BHA 1 25.45+8.21 3112115
10 96.34+0.29 ’ ’
YEach value is mean=SD (n>3).
g“’” [ 55 Oc OT1 @72 mB
580 | 525
% - = & . p a8 a g
g 5 s ;
240 |
3 475
T2t
o 4.5
e 0 . N N 0 7 14 21days
s SRC-0.5 SRC-1 SRC-3 03
Fig. 1. Scavenging effects of pork seasoning sauce added with
Rumex crispus ethanol extracts. S, seasoning sauce; SRC-0.5, ®o2rf T
seasoning sauce+0.5% Rumex crispus ethanol extracts; SRC-1, E
seasoning saucet1% Rumex crispus ethanol extracts; SRC-3, r_f o1 b
seasoning sauce+3% Rumex crispus ethanol extracts. @
_ 0
o, A% 79A A%z pHIt 27 AT A7zl o ; 4 21days

SHEFE pH/F Aadke APtk A% 14dA e theT
of mlsl T27-¢F BTllA frolH o2 pH7F Sobglovt 2140
= 2 A folHQl Afole HolA ekgtth. o Aol
dojdsrs 5714 mA=e] S7H o] pH7E WobithE Lee &
QN Hask AR A% Bl a2y dxE A9 4
S A% 79A 29k Bo - thETel viel o
AaHE AEE 1S B AR ARkl AR

fl

N

i

2 :
g AANeE Yehe argt 2 =S Jehle b
S Z4S A3} Table 49} 7Fol, A% 5ol vlsl] A7 787
o Zk A zpolgle] L*, a* #o] 7Y S7istAtizt A7)
Zro] Bl wg) o|F o] hdhs FAIE Blou b 7t
L 7Y T AAE T 14Y 0|3 RE FUtse ekl
1% &2|Ao] FE2ES A% TIFE U279 vlusia 3
Z71el= L*, a* 3ol Zasithrt AA7I7ke] S718E ol %
o] S7¥sIAh 53] A 14U o] FRHEE= L* 3k € a* 3] Tl
To AL 27} 69.50-69.83, 9.67-10.88F BT 62.02-69.74,
10.51-10.778F 22 Zolgle] viszst Ao Frsialen, vt
W T27= T2 ¥lwsiA] L, a* gto] fo)8oz 7hAsi e
o b* F2 ZolE HolA] AUTh ole 1% aAo] FEES]
HA7te BE, ANsE I7MAA FE =59 F4 - 43S
Z Z0& AAF oY, LAl FEES Mol 3% 7
B, ATt sl 7S %7 tha iaE AR AR

=%

Fig. 2. Changes in pH and salinity values of seasoned pork added
with Rumex crispus extracts during storage at 4°C for 21 days.
Treatments are the same as in Table 1. Means with different letter in
the same incubation periods are significantly different (»<0.05).
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9] & A 2 I EFE 243 43 &
Alge A78717ke] AojFle] wet 7o, 53] iz
N F Ao 7P & S EAoh 28y A 1497
e T2 BFolX iz vl fejHoz F Aol
259932, A 20198 1E thEF 5.79 log CFU/gol Hls) TI,
T2, BT B 537-5.54 log CFU/go & &g & Ato] 7
AE|EKTable 5). ol FHES 5% Ak Ax2E H78]
1597F AgAel & 77t ozl vjs] A dthe Hal(12)

oF fAket AEFeldeh. T3 Aol HEEFEES =2 3
2IE /RIths RA(14)AFE Aol FEE MR sl
A7k S7VERE PESAA HAES] Sl JAEA
, 53] FAREA BHA A7 FABH & Aol IA
Eof Aol FEEL ALY ASE AATS ¢ & UM
Ao AFM F d7t 6 log CFU/gel =dsPd &
271, 7 log CFU/gell o]2% Ag o= 1 o] 7ho] =
7ledh Zo® AAFTH28). A 219/ E A F #57t
537-5.79 log CFU/go 2, ¥ux7|2 HH3= 6 log CFU/gS @
A kol FdES ANE BT g hes & 4 dsith
E3 Az PIES WAFEFE A A3, A% 0
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Table 4. Changes in color values of seasoned pork added with Rumex crispus extracts during storage at 4°C for 21 days

Storage days
Items Treatments"
0 7 14 21

C 50.23+1.25% 71.60+4.98" 60.48+0.92¢ 59.36+5.61°

L Tl 46.02+1.01° 70.5442.88" 69.83+0.33° 69.50+2.75°
T2 41.51+1.46° 72.08+2.41° 63.72+1.07° 55.63+6.10°

B 49.59+0.89° 78.60+£2.37° 69.74+1.37° 62.02+7.92%

C 11.44+0.51* 14.96+2.03% 9.84+0.70* 9.72+0.73%®

N T1 10.81+0.63* 12.40+1.05° 10.88+1.51° 9.67+0.46®
a T2 9.49+0.29° 13.17+1.12° 8.84+1.02° 8.99+0.36°
B 10.75+0.50° 18.01+1.52° 10.77+0.14* 10.51+0.90°

C 15.29+0.61°¢ 11.72+3.46° 13.92+0.27° 15.90+2.40°

b T1 16.44+0.41° 19.04+2.21% 23.92+0.33* 22.33+1.25%
T2 19.50+0.78" 22.81+2.70* 23.21+0.41° 21.77+£0.73*

B 13.55+1.20° 14.55+1.68" 14.95+0.29° 15.2240.34°

DTreatments are the same as in Table 1.

YMeans with different superscripts in the same column are significantly different (p<0.05).

Table 5. Changes in microbiological properties of seasoned pork added with Rumex crispus extracts during storage at 4°C for 21 days

Storage days
Items Treatments"
0 7 14 21
C 3.69+0.02%Y 5.12+0.21* 5.28+0.11* 5.79+0.03*
Total bacteria Tl 4.05+0.08" 5.02+0.12° 5.24+0.07* 5.54+0.06°
(log CFU/g) T2 3.99+0.13%¢ 5.1120.07° 4.84+0.32° 5.44+0.17°
B 5.02+0.04* 5.08+0.08* 5.09+0.07° 5.37+0.20°
C 2.63+0.35 3.43+0.51 3.00+0.00 3.60+0.03
Coliform bacteria T1 2.30+0.00 ND ND ND
(log CFU/g) T2 2.50+0.17 ND ND ND
B 2.15+0.21 ND ND ND

DTreatments are the same as in Table 1.

YMeans with different superscripts in the same column are significantly different (p<0.05).
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54 o] ¢HE EHXH}%@P HEERA] %

e, 2 Agde A 79 o] FRY AFETT HEH
2| go} WM FEEL Tl Uig =2 oA €48
717l Zo g HATh 53| Aol FEES HUetd Alxd
FAESS FHAREARJ] BHA ATt A i
215 Holx| gko} A|Ao] FEFELS T ASES Al

A7 el 71ofstel=t 7t

_& OIN

X|UHAHHS (TBARS) ¥ S/ o7 |Ef EA(VBN) &l2h st
Fd =59 AFS TBARSSH VBN $#Fe| w3l= Fig 29
2}, 2 2kl7) 218%™ malonaldehyde(MA), acetal 313 5
o] S7et=dl, ol 2-TBAE WHAIA e A=2HE o)&

e = *@}4 27 AEe 2A3 UTh2l). Brewer 5(29)
© A% A9 MAS] Fol 02mgkg oI5t WelelA AMs

o se Etl *‘°4 A AL EolAlE AL A
4 AR YAl Foll s AHo] EsEozN PYHEE &

EH ofg Aol 3iHth TBAXE 59 I5AMe 2
Het & 1% 7HAIAL 2lom, 046 mg/kg olstelM = THdEl R
1.2 mg/kg oPdeld Fojel ZAeg RIE7|%: SHH30).
Xiﬂiﬂ FaSe] AiiEs ZF X2E Zkelgle] 0.11-0.12

mg MA/kgeIRTHE, A7 794 i+ 031 mgkg = 43
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Fig. 3. Changes in TBARS and VBN values of seasoned pork
added with Rumex crispus extracts during storage at 4°C for 21
days. Treatments are the same as in Table 1. Means with different
letter in the same incubation periods are significantly different
(p<0.05).

Table 6. Sensory evaluation of seasoned pork added with Rumex
crispus extracts

Items" Odor Color Juiciness ~ Tenderness
C 4.9440.17% 5.50+0.15° 4.56+0.15° 5.06+0.11°
T1 525+0.11°  4.63+0.13° 5.63£0.12* 5.56+0.11°

T2 4.75+0.15°  3.00£0.07° 4.31£0.12° 4.38+0.13°

DTreatments are the same as in Table 1.

IDifferent superscripts within a column indicate significant difference
(p<0.05). Each values indicates the average of the sensory scores in
the range from 1 (dislike extremely) to 7 (like extremely) that 10
panels recorded.
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A= Table 60 YERNIT). 7| 24ES g diz=+dl H3l] 1%
AgAolFZES HIKS T17lA HAll(odor), TFE4d (juiciness)
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