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The Antioxidant Activity of Yacon (Polymnia sonchifoliaty) and
its Application to the Pork Patties as a Natural Antioxidant
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Abstract

This study was performed to evaluate the extraction method (Yacon ethanol extracts; YEE, Yacon pressed extracts; YPE)
and various levels (0.05-1.0%) of Yacon (Polymnia sonchifolia) on antioxidant and antimicrobial activities. In linoleic acid
emulsion of YPE, there were higher iron chelation activity and antioxidant activity than those of YEE (p<0.05). A 1,1-
diphenyl-2-picryl hydrazyl (DPPH) radical scavenging activity and reducing power of both extracts showed a higher rate at
0.5% level. Ground pork patties, which contain 0.5% YEE and YPE, were manufactured and BHT (0.01%) was used as a
reference. Physicochemical properties and microbial counts of ground pork patties, containing a different type of Yacon,
were evaluated during the 14 d of storage at 4°C. A pH level, and lightness (Hunter L), as well as the yellowness (Hunter b)
values of treatments were not different from those of the control (p>0.05), but increased during storage, at 4°C. Lightness
values of ground pork patties, with Yacon extracts, showed the highest. TBARS value of ground pork patties that contains
Yacon increased with increased storage at 4°C (p<0.05), and pork patties with YPE or YEE retarded the lipid oxidation,
during refrigerated storage, as compared to that of the CTL. Thus, YPE could be used as a potential possibility to inhibit the
lipid oxidation of processed meats, during the refrigerated storage.
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(Abe and Berk, 1998).

weba] A)Eo)| xabakel oAIE 9180 butylated hydroxy
toluene(BHT), butylated hydroxy anisole(BHA), tert-butyl-
hydroquinone(TBHQ) 5 &3] 79 A& 34 HilksHA|
= F7kslal Atk (Martinez-Tome et al., 2001). ZL2{L} ©]
Ak 1F 4 A 7R AAlWe] s4=ES
AAdEte] H £4HS oF7|A171M(Cho and Kim, 1998),
Aol ZA7F A71Eel wet Ad=de e = &
2k o] Aol gk #Alo] STFskaL Qltt. olek st
o] Shin F(1998)2 HAFIsHA L] Ag TFH =2 A
B8O JHERAS AXA] AFISIA 9 A AISIAIE
83t kst oF 20% eadrt Aok s
o] A EF F oFZ(Polymnia sonchifoliays 21|
9] o|Fot== o} HF7} iAol 4, &5t A
T3}l &8s thdAl 7 AREEA T2 FE(860-900 g
kg ©3HE(90-130 g kg)E ©]F01# Athk(Hermann
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Rausda H3 GeiA7] AlEstdATh(Yan er al., 1999).
T OFE2 fructose, glucose, sucrose 53 A fructo-
oligosaccharide”} ThF 3h Ho]glo], A Alet 744, W
H 2 dHIY2EHES AATE EFHE 7 L,
ksl GAs Hole sEd sigtEe] o grE] Q)
E}(Min et al, 2008). Min (20082 o}-S Thoksl &)
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Fo] & ¥HuA IFE TS Ling Tang (2007)2]
°ﬂ w2t 578 Aok SR 1% FEZ 343 A
24 0.1 mLe} SF/H5 2.8 mL, 2%-Na,CO; 2 mLe} 50%
Folin-Ciocalteau reagent 0.1 mLE d7}sk] 308 <t 4
2 A WA & 750 nmol A FEEE FAIFIL gallic
acidE o] 83} standard curveE ZFAIEFa, HEAY 23
R%(=0.9999)3+5 T3t}

=
S

DPPH (1,1-Diphenyl-2-picrylhydrazyl)-radical scaveng-
ing activity

ok 2] DPPH radical scavenging activity:™= Huang 5
(2006)%] Wl wt 54 =AU dehE FEEH FF
e =m0, 0.05, 0.1, 0.25, 0.5, 1%)E =F50l 34
st ar, Z+7te] 3l E Als 4mLe} DPPH(0.2 mM in
methanol) £N4 1 mLE 3°1§; 3 30 ZQF Aeoa] oA
Bk & 517 nmell A FBEE SHH iz Es
ascorbic acidE A|E.¢} 50‘?} ZAo 2 =439 3 DPPH
o tigk Mg TS Thy 2ol oJ&f AREstatt.
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DPPH-radical scavenging activity (%)=
A AR 7P E F3=
B:AE ¥ 7S] FIE

[(B-A)/B]x100

0|2 S22 (Iron chelation ability)

o29] iron chelation ability= Le 5(2007)2] Wil u}
2 =4 Aok FEH(0, 0.05, 0.1, 0.25, 0.5, 1%)=E =
F4roll sl4% AlE 500 pL, FeCl,(0.6 mM in water) 100
pL, methanol 900 uL EFES 5% U 2o v-§
AlZ1 &, ferrozine(5 mM in methanol) 100 uL= 713l 10
F Zol AReoA] HREA)ATE ¥E & 562 nmol|lA] S35
=& 3438, 2T E% Nayethylenediaminetetraacetic
acid-2H,0(EDTA)E ©]§ 3} ol2fle] 2l 23] iron

chelation ability 3k< AFE3IATH
Iron chelation ability (%)= (1 — A/B) x 100
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B: Al F
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of o] #12-S Huang 5(2006)2] Wl wet =4
HAok =590, 0.05, 0.1, 0.25, 0.5, 1.0%)= ZF5]
3ME Al 2.5mL9 200 mM sodium phosphate buffer
(pH 6.6) 2.5 mL, potassium ferricyanide(10 mg/mL) 2.5 mL
2 53} 3+ 3 50°Col|A] 2087F vjek & & trichloroacetic
acid(100 mg/mL)Z 2.5 mL %7}3}04 200 gollA 1083+
A8 Sk Y4l F AR smLet SF5 SmL,
ferric chloride(1 mg/mL) l mLE &3Sk & 700 nmol| A &
B=E =43} thZF-E+= ascorbic acidS A3

Linoleic acid mtitst Axls

oF2] linoleic acid emulsionollA] Ak} A &=
Yen¥} Hsieh(1998)2] Wl whe}l A3t . Linoleic
acid 322 0.4673 g2] linoleic acid®} 0.2804 g2] Tween
20 Y31 50 mL phosphate buffer2}2] E3HE-2 10,000
rpmoll Al 3E7F FHSAIA ThET o] f3HER s4H
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oFZ AR 05mLa 40 I BESES 37°ColA HigA]
Ak, vl2) A A7l MRS | mLE F9) olet
2(4.7mL, 75%)3} ammonium thiocyanate(0.1 mL, 30%)
o ferrous chloride(0.1 mL, 0.02M in 3.5% HCHE 37}
stod 35 FoF WHEAIZl 3 500 nmol| A SFEE S5}

of ABYEE HkeHT

=MESHE Y FEHIL

E5 54 2919 AT AAENG AAR F 0
7](Meat chopper, M-12s, 33X FHF2I3|A}, k=)
olgste] A3} st dHE AR} WHES &
7] (EFZO Crypto Peerless Ltd, Birmingham, England)=
EJO}@] 72 A 7A2st S AH ANEY
F 80 g0 2 UASHA petri-dishs ©]-83}] TE] 2o
i Ay} siact. olu 2EH JEEE FE3 o F
=& 0.5%S W71l T2 7IeHA] 2 A% &
&t BHTE 0.01% 3718t Az3 =5 sfele ZE]2H
A Aol Hol 4N AT o3kt A} 3
v AE 7AALe} A HFAF T thiobarbituric acid reactive
substances(TBARS)E- WA 0, 3, 7, 10, 14l 242}
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Mz £
SA %= Minolta Color Reader(CR-10, Minolta Co.

LTD, Japan)g o]&3}o] =3I, 48 T Hx
(Hunter L, lightness), %28 =(Hunter a, redness), 3%
(Hunter b, yellowness)E 53] WH =431 HygtoZ
ERfIITH B A3 AR EF 9P 32 L=
93.5, a=1.24, b=0.132] calibration plateS A}&-3}1t}.

pH &4

pH= AlE 10 g¥ S/ 90 mLE &3l 2571

712 #23}27] &, pH-meter(Model 340, Mettler-Toledo,
Switzerland)Z o]&3}e] 53] WhE =43 JHzkS T3t
At

X| gt&HElf = (Thiobarbituric acid reactive substance,
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malondialdehyde®] BA%S ZAste] A} A S =
At 7Astd AR 29 AT T ASE WAXAFT
+ antioxidant solution(BHT + BHA + glycerol + Tween
20) 39, thiobarbituric acid 3 mL2} tricyceroacetic acid
(100 mg/mL) 17 mLE Y31 3] vortexing 3+ F 7}&
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FAgE A7 107 BT EHF 0mLE EFE &
pipetteS o]83l] EFE 1 mLE 9mL BFEHTol &
A FAstAaL, el wet 34 wiE 59 Al A
L3tA Y. Fd4= plate count agar(TPC), ™A+t
(Enterobacteriaceae)y= violet red bile agar(VRB)ol| HZ3}
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(Yan et al., 1999; Min et al., 2008), &?JX]—— o) ol
Al Alget Ak Fall free
radicalS SFYEAIA 2H8lE QA ST (Tomas, 2000). k2
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Table 1. The contents of total phenolic compound and solid
content of Yacon

Extraction method

Parameter
Ethanol Pressed
Total phenolic compounds al) a
560, .96+0.
(g/100 g of Fresh Weight) 1:56+0.23 0.96+0.65
Solid content (%) 5.17£0.76° 9.62+0.32%

“®Means having same superscripts within same row are not differ-

ent (p>0.05).
DMeans+SD.
AZFES o]8dt FE3IL 2F FE22 A oFE S
Az glo]l F=337] Witolet Alsdtt

OFZ F&E2| DPPH (1,1-Diphenyl-2-picrylhydrazyl)-

radical scavenging activity
DPPH #H)Z AATS thE st Aol Bis) Hla
A e AZF W) Z4o] Ahsaka 1 o) i) Pt
3t 595 Frlsk=dl i e ARSE= WHoItHQue
et al., 2006). DPPH Z}]Z A~A52] A¥= Fig. 1(A)°
Uehiglo, & s s g 2ol 7 FE=
7] 2ol Ho|A] AQIH(p>0.05). HZET2] ascorbic acid
HE EToA] 94.6% oo =2 3kxls) :5:]—%—1& H
1V dlell wlal, F A7 7 Blad v 45 B
ol JErE FZE(YEEN] 7 =& 559l 1%
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Aol oehd olZe] & HEA FvtE SEA ¢
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ool Hol2 F2 4 Av= Fig. 1(B)el YERY
Ao F FEE7H] F9FQ1 AelE HATHp<0.05).
X TE2E EDTAS ARESIYAL 2E F5(0, 0.05, 0.1,
0.25, 0.5, 1%)°llA] 98% ol’de] =2 FJitsl &4S B
o} whH o2 2EF FEE (YPE)S 0.25% S5l A% H
69% ol H2 a5 YeRf}l oL, ofE oeks &
E(YEEIME A FENA 17.8% oldle] & A4S
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Fig. 1. Antioxidant activities of Yacon with various concen-
trations. CTL', Ascorbic acid; CTL? Ethylendiaminetet-
raacetic acid (EDTA); YEE, Yacon ethanol extract; YPE,
Yacon Pressed Extract. “*Means having same superscripts
within same row (concentration) are not different (»p>0.05).
*“Means having same superscripts within same column
(treatment) are not different (p>0.05).

7} Apenten(2003)2 E] 7}E1Z](Tea catechin)S E3HsH of
2 £39] flavonoid AlQ] XIEIA9} H o] o] AT )=
58S Frekdon, flavonoid F5Foll wel 727 o]
2 Q% 58] xfolE AHet). webs & AFelA
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o dletE FE= AFd9 Al = T+
gkon), I o= Qlsle] Azle] xjo)
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M
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9‘L
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5 rlr

OI2 F&89| 883 (Reducing power)
ofo] #dE-2 Fig. 1(C)llMS} o] =72 AMS-S
ascorbic acid’} A FZolA FHFE 2.4 oo =2 3
S Uehdlon o g mE T AT Aol
fojAel z}o] °i°](p>0 05) ascorbic acidE F7Fsh Tz
THRT e S YeRlIch $9 Duh(1998)l w
29 oy} 7.%01 %ﬁ}ﬂrOﬂ &8s 5-dretium lappa
Linné}‘ SN 2 &S Btk Basiglon
Ao A A OFZ ofElS FZEL 0.25% F=ollA]
—,—Eﬂ T} EolbASEE 0.52, 0.81, 1.320] A4S Ho|w
, o2 A FEEL 0.5% AR 5wt ok

of wa}l 0.58, 0.929] LS H] T AT = A5
HgZo g & a3= Yepidh

OF2 F&E9| Linoleic acid 2H st 2xls

oF9] linoleic acid 2}kl A5 thiocyanate XH
(Yen and Hsieh, 1998)°]] we} o]Fojx o, 1 AHE
Table 20 VFERHRATE. wiebA]Tte] e 3hiks} 2dol A
62X7HNA 65%E 7Y =& XS BT, 0.017 0.025%
Bt} 0.05%A o3 o s =2 S48 BHATHp<0.05).
w3t o AF FEE(YPE)S 70.5%, oF2 oEe F=
E(YEE)S 39. 4%4 B4 Ho] fojHoz ofE HF
o 31449 WITh Duh(1998)= ofZ} 7

2380l 2o
L &o] S B Ae) Fe thlocyanate HhHo] o5
ikslE s Wrkslar, 1 Ay 22 =3 Aol 96.3%

0= 7bg Tx viEed due ge 71slunz—a 2z
3 Aol FHOR Yo} B AT A} fARIS & 5

™

FI{E|2| O|2ety dd R 0|

oRe W7t

3+ =4 JE]Q] pHE Table 30 YERASITH

Table 2. Antioxidant activities of ethanol extracted and pressed Yacon with different types of extraction methods and various

concentrations
Treatments" Concentration (%) Time (h)
Parameter
YEE YPE 0.01 0.025 0.05 24 48 62 72 89 110
Inhibition (%) 39.4° 70.5% 442° 51.8° 68.8% 54.4% 55.6 65.3% 62.5% 50.6% 41.0°

DTreatments: YEE = Yacon ethanol extracts, YPE = Yacon pressed

“bMeans having same superscripts within same row are not different (p>0.05).

Table 3. Physico-chemical properties and microbial growth of pork patties containing Yacon extracts during refrigerated storage

Parameters"
pH L a b TPC (CFU/g) VRB (CFU/g)

Treatment+Storage NS NS * NS NS NS
Treatment NS NS * NS NS NS
Storage ok NS ** NS *x *x
Treatment®

CTL 5.65+0.24% 55.843.16 7.02+0.64 4.78+1.39 3.85+1.64

REF 5.66+£0.25 57.8+1.79 6.95+0.55 5.06£1.50 3.99+1.69

TRT1 5.57+£0.17 58.0+£2.32 7.33£1.20 5.32+1.58 4.42+1.97

TRT2 5.60+£0.18 57.1£3.33 7.09+1.02 5.61+£1.53 4.30+1.91
Storage (d)

0 5.49+0.09¢ 55.9+4.22% 7.48+0.76% 3.92+0.62¢ 2.49+0.22¢

3 5.49+0.01¢ 57.6+£1.18* 7.41+1.04% 3.73+0.56° 2.44+0.30¢

7 5.5440.04% 57.1£3.12% 6.71£1.00° 4.94+0.40° 3.70+0.50°

10 5.62+0.06° 57.9+2.03* 6.76+0.89" 6.36+£0.87% 5.60+0.68°

14 5.97+0.20° 57.3+£2.59* 7.13+£0.42% 7.01+0.89° 6.46+1.00*

NS, not significant; *, indicates p<0.05; **, indicates p<0.001.

DParameters: L, Hunter L; lightness; a, Hunter a, redness; b, Hunter b, yellowness; TBARS, thiobarbituric acid reactive substances; TPC,

total bacterial count; VRB, Enterobacteriaceae.

ITreatment: CTL, control patty; REF, reference patty with BHT 0.01%; TRT 1, treatment patty with Yacon ethanol extracts; TRT 2, treat-

ment patty with Yacon pressed extracts
9Means+SD.

*d Means with same superscript within same column (storage time) are not different (p>0.05).



Antioxidant Activity of Ground Pork Patties with Yacon 195

pHe AgTet A7I7el e Fese-S JehA ¢
U2 H (p>0.05), HE]FZtell= Zol7h gllot A7)zt
o We {942 Aole e AeF YeEh}(p<0.05) A
& 717k Al wet pH7F SV AES B
B A 5 1490= 7R =2 7S JERIATH(p<0.05).
Choi 5(1998)y2 =U] ¥ =52 A4S kst A9
A 7YRE 1495 W =59 pHrt 2A FhethaL
e 2 AFAfE fAlsH 7-109 o] FHE
pH7} ZA Z7lske A 3Rl & 4 Ak s §4
T5 9A] Table 3o UERd Hlo} o] HAES A gt
HEot G = Aot A7) wE G A
< YERA] 983kem(p>0.05), Ag7 ey A% 713t
ol WAl FAT o] Zfo]7} FATHP>0.05).
oFZS H7Ie =5 el v E AP Table 390 U
ERA ble} o] Ftge AT oA AlelE Kol
A kO (p>0.05), AF717re] A we} fo)F o
2 271 THp<0.05). AF Z7]ol| 3.92 Log CFU/g2)
e VRIS, 109 B $HE =2 TS B
o Mo FolFR ztols YERA Z%THp>0.05).
Nt (Enterobacteriaceae) N A = PEIZFAZ A 2]+
1 zpol= HolA] %o (p>0.05), 108 733 F7H &
€ AHFlA fejdog Zrtske A9 Jehlo] 7t
2lo] Bkt 102 H7hE ATh(p<0.05). WHEbA] Faot
PAFTFE AR A Holw, A7) Axgt
of wet A3 Sk, 1094 B3 78 w2 7S
3 & 5 AT olek FHEe] Kim(2005)
OFES E4FE 3 A #AU|E Pol dFd F T
g 2S AFY AF T Fol 9 A5 B oY
ol AEste] FHBAS Frlslde, uiRie o
Foll X GBS Yepitka Busitt kAt B 2
PoAe o2 FE2ES F7IeE HEldA nAE o4 &
e IR F gldet, ol ok 7158 =4 F

e

WHolg =R SAIE WA tE Ed3e] 4ss T
o] Wgeo] 98 1 gt EAdo] vivlEzl Aoz Tty
o, & AFtelxer 2ol sjEjel] AH At A= 1 8
7t FedS & 4 AT wEbA] 7189 0.5%00 A 3
TaEINE 27] S8l o B2 &S Hrlshke Aol gt
'29E 95t dad Foz wH)

wh, A e o} el & (TBARS)AA = A7 713H
Al g 8-S ER18 S H (p<0.05), Table 4
o] YR nke} o] A7I3ke] AHetar Be A
o] AT FX|7F folF o 7HAEATHp<0.05). 53],
FAET BT AR 198 AAEe] foF s BHY
S U(p<0.05), A 14GA e ATt FARE FAE

=

wo] 3, 5 23 7% A/kelel 1 FA BAS Hrhe
Setl, H7bFe] S7HEEE R st A4
e fFolHor S7lshe daE Haslnh olet

o)

g A B AE A7 0.5% I
Tol B4 Ele] AAH Awe] A GFS mAA L
e Qo= BoE

oFF-S 7N =5 e W A7 F TBARS 2
Table 4o YeRd nle} o] thz77F A=27] 0.25 mg/
kgZ fFolHo= 7MY w2 gs UEhla, Eits)
A9l BHT(REF)$}F o2 Agl4= FAFE g& Btk
(0.12-0.16 mg/kg). A7&717re] 743} ghol| w2} TBARS 3k
< AH =AM A% 108AFEH tZT= 1.65 mg/kg
o8 Fed Wb o2 AFde =7 0.1% BHT
AT v Azt HA] kot tiRTel fFoHoR
S S BAAL(p<0.05), WEHA o AFAS 0.5% T
o2 SAE H7F Al A MRS A = s A
o7 7|th"t}. o]e} #HEe] Vuorela 5(2005)2 ==
sfEje] o] 74A] AEAA FE5 HEA FdES F0t
std 2 717F 5 F/4E hexanal®] Y& SAFO=R

Table 4. Redness (Hunter a) values and TBARS of pork patty containing Yacon extracts during refrigerated storage

Storage (d)
0 3 7 10 14

Hunter a

CTL 16.5+0.49% 12.3+0.25%8 10.8+1.24% 6.82+0.79°B 7.15+0.81*

REF 14.6+0.31%8 12.7+0.424 9.18+0.258 7.71£0.529 7.60+0.48%*

TRT1 14.1+£0.31%8 11.1+0.72°8¢ 7.46+0.23°B¢ 6.8140.24°A8 6.76+0.85%

TRT2 12.740.21¢ 10.1£0.33%¢ 7.07+0.52¢ 5.57+0.16% 6.31+0.18%4A
TBARS

CTL 0.25+0.05 0.66+0.17° 0.64+0.03* 1.65+0.18% 1.79+0.12%

REF 0.1440.01°8 0.15+0.01°B 0.27+0.02%¢ 0.3140.04°8 0.24+0.01%¢

TRT! 0.16+0.01°B 0.16+0.01B 0.45+0.02%B 0.51+0.03%® 0.824+0.07°8

TRT2 0.12+0.01°® 0.16+0.02B 0.17+0.01P 0.30+0.01%® 0.67+0.09%®

ADMeans with same superscript within same column are not different (p>0.05).
*d\Means with same superscript within same row are not different (»>0.05).
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A A Rksl A =5 s, wEd S5HEol
ol A7t 2 5 A 2slE AN 2HE UE
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5 0.5% = ool w2 A4S BATH(p>0.05).
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(p>0.05) A7F717te] A3l wet F7kehe B B
i, RhH AT M e HEEE dE7rt 7P =4
REF(BHT 0.01%), TRTI(YEE), TRT2(YPE) A& Yo}
Ae S Holout 104015 FH = 7} oAt
ANIL(p>0.05), #4717 BAEFE o= o}
HHp<0.05). v|BE A3 AT 2ol oy
(p>0.05), 7¥ A FHE BE A7t F43] S8t
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