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Antioxidant activities and Validation of Analytical Method of Marker
compounds in strawberry fruits from various cultivars
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Abstract In this study, we investigated antioxidant capacity of 20 strawberry extract using the DPPH and ABTS assay and
HPLC-DAD validation method. The total polyphenolic and flavonoids contents of 20 strawberry extracts were 22.77-
107.61 mg TAE/100 g FW and 17.58-44.12 mg QE/100 g FW. The Aiberry and Elie star showed the highest total polyphenol
and flavonoid contents, respectively. The DPPH radical scavenging activity of what was 1540.6-1124.0 umol TEAC/100 g FW
and Derunoka showed the highest activity. The ABTS radical scavenging activity was 6352.3-4592.3 umol TEAC/100 g FW
and FA23 showed the highest activity. The HPLC-DAD method for the quantitation of ellagic acid results showed high
linearity in various concentration ranges, and the limit of detection was 2.35 ng/mL. The limit of quantification was 7.12 ng/
mL. Relative standard deviation values from intra-and inter-day precision were less than 5.31%. Recovery rate at 10, 50, and
100 pg/mL, respectively, were 100.0-101.0% with relative standard deviation (RSD) values less than 5.30%. These results
provide viable information for the validation of antioxidant capacity in strawberry fruits.
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ksl SIES AAEAA AR e A =S AL Y
of WlgFu A7 Fatkst
o|A L UTHPark 5, 2008).
D7) (Fragaria ananassa Duch)y= Zv|3e] &3l= thdA 2
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7154 AEES 7L 3tHKim 5, 2010). o]H g Frtskad
2 oA, FEAROILE, FYZHE S 59 Ve
JHAAL AL, TS AAAIES HA AAAEES AA
She Aoz 4R AdttMeyers 5, 2003). 53] ellagic acide=
A3}, Z5(atheroma) FAI A, SAZAPE G5 758 7KL
UL ANZEZA 8 28A 715S A deH AT

OS] FAFe gt &FS At Felle] s 24
3= 7152 7K JtHKim %, 2016; Papoutsi 5, 2005; Tiirk
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=, 1991), 3 (Mukhtar 5, 1986), 24 2 719+ S¢] WAy
< A o= dEA Urh(Shimogaki &, 2000).

R F7HK] HPLCE ©]&3F ellagic acid®] #24& 7ol ®o)
ATEe] govt B FFol v A= o7 wHE A
AolthLee 5, 2014). WehA] £ AFors I LA 5235k
I FHEE ST A, 28 2052 2714 it}
F58 HUVSIA, ellagic acid®] a4 2 B4 e f&
A AScte Bl s Flde RN g 2] F52
2RE A dbskA M 2 ellagic acid A TR g 7
= ARE A% 712AEE A} sislth

e 2
ME % Alot

2 dyollA A% A2F F Folin-Ciocalteu reagent, tannic
acid, quercetin, ellagic acid, 2,2'-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid (ABTS), 1,1-diphenyl-2-picrylhydrazyl (DPPH), (+/-)-
6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (trolox) &
< Sigma-Aldrich Co. (St. Louis, MO, USA) A|&2 A&-319 3L,
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Table 1. Parentage and Origin of 20 strawberry cultivars

NO Cultivar Parentage Origin
1 Aiberry Unknown Japan
2 Syuko JeongboxHaruyoe Japan
3 Derunoka BogyochosangxDana Japan
4 Northwest BrightmorexUS-Oreg.456 USA
5 Kuryumi-52 ~ Unknown Japan
6 Linn MDUS 3184xORUS 2414 USA
7 Cascade ShastaxNorthwest USA
8 Comet EarlibellexARK 5063 USA
9 Aska Unknown Japan
10 Camino Real Cal 89.230-7xCal 90.253-3 USA
11 Albion DiamantexCal94.16-1 USA
12 Sweet charlie FL80-456xPajaro USA
13 Elie star Unknown USA
14 FAll Unknown EU
15 FAl2 Unknown EU
16 FAl3 Unknown EU
17  FA23 Unknown EU
18  FA25 Unknown EU
19  FA19 Unknown EU

20  Micmac TiogaxGuardsman Canada

WEAZl & FAAZS] 4°C HAste] A ARSI &
A7dzx @ B7] ANE FE& #@ A2 8wl(Ethanol:Distilled
Water:HCI=60:20:20)°l =3 90°CollA 3A17F &<t 7131313
o FE289 AN Wzt & ekE=E A-8-sle] syringe filter
(0.45 um, Hyundaimicro Co., Ltd, Korea)Z o3}t 8-S A&
Aoz AME-aIT

% ZgdE %L Folin-Ciocalteu 'HS 383l =331
Ch(Singleton 5, 1999). Al&-&- 500 uLol|l Folin-Ciocalteu A]<F
500 uLE 7¥etar ERket & Ao 3%7F ¥REAIA 10% Na,CO,
500 uL& 7iste] st & 20 1417 WASIAL UV-Visible
spectrometer (Neogen, Optizen 2120 UV, Sejong, Korea) 760 nmel|
A FFEE AU ol T EYuls S tannic acidE
BEEEHR 3t S FF FHO2ZRE TR (mg TAE/100 g
FW (fresh weight)y= 35}

Absorbance=0.0468 pg tannic acid+0.0195 (R*=0.99)

% ZPEwo)T FTEAL Moreno 5(2000)0] WS 28

< 98iA 72+ AIE 100 uL& 80% ethanol
990 uLell sk, 1 100 uLE 33t 10% aluminum
nitrate®} 1M potassium acetateS F+-31= 80% ethanol 4.3 mL
o E3tste] A2olA] 4087+ WA & 33 =A] (Mecasys Co.,
Daejeon, Korea)s ©]-€31 415 nmollA SH=E =435I o]
o F ZPHExol= T querceting TTEHZE dho] A%
EFE THo2YE FFmg QE/100 g FW)S -39tk

oy

Absorbance=0.0468 ug quercetin+0.0195 (R*=0.99)

DPPH radical scavenging activity &

Alg9] ksl & S35 3R] DPPH radical scavenging
activityS Brand-Williams 5(1995)2] 2&HPES A3 Wysle
=439tk AE89 50 uLs} 2.0x10* M DPPH £ 950 L=
E3ste] Aeoa 3087 BESAIF)3L ELISA reader (MECASYS,
Optizen 2120 UV, Daejeon, Korea)S ©]-&-3t> 515 nmollA &3
=5 A ol 22 WH S =2 DPPH radical scavenging
activity (%) F3H92H, troloxE BEEAZ HHFAS FAs)
o] trolox equivalent antioxidant capacity (TEAC, pumol TEAC/
100 g FW)E 4H=31

(A;B) %100

DPPH radical scavenging activity (%)=
A: absorbance of control
B: absorbance of test sample

ABTS radical scavenging activity &4

Gaksl 24 ¥ F skl ABTS radical &4 42
Thaipong 5(2006)°] WHE 47 WYPst SHAT TmM
ABTS®} 2.45mM potassium persulfates 1:1 (vv)e] H]&2 &3F
BIAL 37°C AnellA] 24417F Bt WHSAIA it AR
Radical stock solution 734 nmollA] &4 %= Zko] 0.68+£0.020 &
=% Phosphate Buffer Saline (pH 7.4)Z 3|43}t AR 10
pLel 3143k ABTS radical €9 990 LS E313te] gaollA |1
59 WX & 734 nmoll A £33 =7 (Neogen, Optizen 2120



UV, Sejong, Korea)= Z73310om ofgfje} -2 WhHo =2 ABTS
radical scavenging activity (%)& T3F3L, troloxE RETEIE
HHgS 2d31ed trolox equivalent antioxidant capacity (TEAC,
pmol TEAC/100 g FW)S AF&3lith.

ABTS radical scavenging activity (%)=£-A~i-—BQ %100

A: absorbance of control
B: absorbance of test sample

HEEEYS| M=

Ellagic acid 3% (analytical standard, purity 95%)< 1x1072
N NaOHe| =21 § 4°C WAAEZ 31591, o] &S 3|43l
F57F 10-100 pg/mL7} ¥ =% standard solutions YHEUTH

Mol 784 ZZB(method validation)

A EAE tigk B4 FEY AL SFE T 2AHY
Wz go]Ad 7l =2}Ql(KFDA, 2015)9 we} 2414 (linearity), 7
Z $H7(limit of detection, LOD), “d ZF<HAl(limit of quantitation,
LOQ), A& (accuracy) E AU (precision)s= Fsle] F4
Wi fEA8S HAEsrh

571 5= ellagic acid standard solution®] HPLC/gellA e}

= retention time % regression equation (y=axt+b y: peak
area, x: concentration (ug/mL))S ©]-8-3l>] A7 A5 (Determination
coefficient, RHE &1513 Tt zF Aol tist A& 2 A%
e EFE&H] ARMEIH S At TEARR} AP
o] 71&719| At ALkt

e o AU

AT AU BT U] AR tiste] I7k(inter-
day) ¥ ¥u(intra-day) ¥
37 AAlEdnh ZEx
A ofs) dojzl o
100 pg/mLe] M71A] F=HSeA 33] WHE 243
Hx 2 358 ALY, A2 inter-day(d7H9) intra-
day(@UD= vhre] AAE gsislen, 10, 50, 100 ug/mLe] &

o
EolA] 33] Wk Zgstel UEZBAE AL,

OHEM (Stability)

HA7)|7ke| W2 ellagic acid X|3Eg82] 33H4 A4S &
Qlal7] Yate] HLolX 2447+ BAS ¥ ellaigic acid®] FFS
Z4 3t

Ellagic acid &2 £4

B7] FEEY ellagic acid T2 autosampler®} DAD detector
2 Azt vAXs A Z=vtEd) T (high performance liquid
chromatography, HPLC) Agilent 1100 series HPLC (Agilent Tech-
nologies, Santa clara, CA, USAYE AFE3SINL &4 Z7AL Table
29} 7}, BA8 A-WLS YMC ODS (4.6x250 mm, Kyoto, Japan)
5 AMEBIAAL 018 0.1% formic acidE 73t 3%} distilled
water (solvent A), 100% acetonitrile (solvent B)E ©]-&3}%.2™
EAZ7AL Table 27 22t} 1 mL/min®] £4522 254 nm 30l
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Table 2. Analytical conditions of HPLC for ellagic acid analysis

Parameters Conditions

Column YMC ODS 5 pm 250%4.6 mm

Flow rate 1 mL/min

Injection volume 10 uL

UV detection 254 nm

Run time 40 min

Time (min) A (%) B (%)

0 90 10

Gradient 5 90 10

condition 25 40 60
30 20 80
35 90 10
40 90 10

Table 3. Content of total polyphenols and flavonoids in 20
strawberry cultivars

Total polyphenol contents ~ Flavonoid contents

Sample (mg/100g FW") (mg/100g FW)
Aiberry 107.61+4.75 17.58+0.00%
Syuko 96.58+3.62" 19.18+0.11%®
Derunoka 95.87+5.42" 21.23+0.00¢
Northwest 71.87+17.718 23.03+0.11%"
Kuryumi-52 67.02+9.38" 19.56:0.11%%
Linn 41.85+2.16¢ 23.22+10.77%"
Cascade 66.04+1.78" 17.58+8.85°
Comet 107.19+1.211 21.8146.00%
Aska 27.21+0.17%® 20.01+0.88>
Camino Real 31.29+0.46™ 23.3542.28%f
Albion 95.10+0.75" 22.714+3.75%"
Sweet charlie 60.92+0.50°" 22.38+2.50%
Elie star 21.77+0.00* 44.12+0.00'
FA11 24.88+0.04% 19.88+0.22%
FA12 37.25+0.04% 22.51+0.19%f
FA13 56.26+2.79¢ 28.47+13.92¢
FA23 66.68+0.14% 23.09+0.68%"
FA25 45.51+0.04¢ 24.82+0.19"
FA19 44.55+0.04¢ 35.21+0.19"
Micmac 63.87+0.33°" 24.63+1.64°"

DFW: fresh weight

DValues are meantstandard deviation (n=3).

Values with different letters within the same row are significantly
different by Duncan’s multiple range test at p<0.05.

A ZA43om, AlEE 10uL FY3t] ellagic acid 42
g3k

A\

EAIXzZ

BE A¥e 3w uiEsie] Z4sigion A% A= SPSS
Statistics (Ver. 22.0, SPSS Inc., IL, USA)S o]&3&lo] Hgx]9}
EFA (mean=SD)E. EASITE 22]aL 7 AP 7k {4
A 7S Duncan’s multiple range test® p<0.05 F=ollA A&

TGRS
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THEY e dEAd SRHES A A ot 59
AnkAQl F st F 7A77158 S AlFstaL Al Hiol
YAZRE AEE Hosty ARE AN ATE TS 3§t
AgolA F5E 27
FEE EAsks F ZYdE I ¢ FPRxoE IS
tannic acid®} querceting 7|FEAZ dle] ZA 33 TH(Table 3).
% Z9E FFS Aiberry?t Cometoll X 107.613F 107.19 mg
TAE/100 g FWZ 7F8 =& 718 Yell9lx, Syuko, Derunoka,
Albion S22 96.58+3.62, 95.87+5.42, 95.10+0.75mg TAE/100 g
Fwe| ZEdls &S veiden #9034 Zolzt A
Scalzo 5(2005)2 o|€t&]o} E7] Don, Idea, Camarosa, Onda,
Patty, Svev 65°] & Egjuls TS 1,093-2,128 mg/LE K73}
A3, Pineli 5(2011)2 OsograndEolA 2,234.62 mgkg FW,
Camino RealollA] 1,743.47 mglkg FW= B33 Qo] B 23]
47 5 2o 4 28 IS Holx ok Fg Mk @]9}
28 @) A& F ZY9E TS 23 Lim 5(2016)<]
Aol o]&hH 229.18 mg GAE/100 g2t 39.11 mg CE/100 g& &
B AY AR 22 S eSS, Chaves 5(2017)°] X
g 7% 2r1e] ¥ s 2 1.6-2.54mg TAE/g FW=
AE Aol FARE g B

ZER o= e Elie stardllA 44.12mg QE/100g FWE
7 =& ke B, FAI9 3521+0.19, FA25 24.82+0.19, FA13
28.47+13.92, Micmac 24.63£1.64mg QE/100g FW <o & e
stk Ak @7 g3 Br)e] Ase] & EYds e B
33 Lim 5(2016)2] AFollA 5232mg CE/100 g9t 39.11 mg
CE/100 g2 R385, Bae 5(2019)2] dTolA % 546.12 mg/
100 g sample= & A7A3 Ho} 2 7S 1ok ode 3
glo] wglRel FAsEdS AFg Kim 5(2018)2] AFolx=
EHEzke] A9 731.08 mg/100g FW, R E-EA1= 36241 mg/100 g
Fwe] ks Hol 2 dde] A3n) 2 ks HA0H, Lee
5(2014)9] FAFollA] oAt =7]= 10.91-14.90 mg/100 g FWS] %:
sl ok ool ARZRE] FF w2t & ZEHE
2 FElR o= ] AolE YEhllE AE & 4 Uitk
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DPPHS} ABTS free radical scavenging activityell 2]3t &bs)
SAYL v AARANZHE FAsEAS gAs= Bol
F8E AUthLee 5, 2014). DPPHS ABTSE ©] 83l fiee
radical 22758 &A% & trolox equvalent 342 2FE3F] umol
TEAC/100 g FW= UFERATHTable 4). & A3l ARRH 205 &
71¢] DPPH fiee radical scavenging activity:= 1540.6-1124.0
umol TEAC/100g FW H{ZE UEFS™ Derunoka’} 1.541
pmol TEAC/100g FW=Z 7% &2 32 UEM S Elie star,
Micmac, Aska, FAIl 4|2 DPPH free radical scavenging
activityS HQTh ST=oA AulE =7] 90%2] DPPH free
radical scavenging activityS <13 Nowicka 5(2019)2] -2l
ol&bd 751.57 umol TEAC/100 g8 43S YEMIAL, Pineli 5
(2011)2 OsograndZ-°l A1 12.83 umol TEAC/g, Camino Real>
10.10 umol TEAC/gZ HII3IAL o] B AFe] @7 F Hu} o}
& v S HATH

ABTS free radical scavenging activity S73%-2 ABTSS} potas-
sium persulfate®}2] HHg-ollA] A ABTS radicalo] Al52] &

Table 4. Antioxidant activities of 20 strawberry cultivars

DPPH ABTS
(umol TEAC"/100g  (umol TEAC/100 g
FW?) FW)

Aiberry 1259.1£30.3% 4592.3+20.8"
Syuko 1203.1+33.7° 4545.7+8.8°
Derunoka 1540.6+2.3* 5082.3+5.8"
Northwest 1217.3+13.7° 5012.3+£15.3¢
Kuryumi-52 1124.0+14.9° 4689.0+10.0°
Linn 1337.14£3.5% 5575.7+5.8"
Bious 1352.6+8.0%"¢ 5072.3+£5.8"
Comet 1331.7+13.9¢ 5535.7+5.8)
Aska 1390.2+3.8" 5049.0+10.1°
Camino Real 1374.4+2.0%" 4969.0+0.00°
Albion 1363.5+6.8°'e" 5322.3+30.6'
Sweet charlie 1364.0+5.4°'" 4952.3+11.5¢
Elie star 1421.1£9.21 5065.7+15.3"
FAI1l 1396.0+7.0 5249.0+26.5"
FA12 1389.3+12.3" 5769.0+26.5'
FA13 1379.7+10.6%" 5759.0+10.0'
FA23 1343.7+44.19" 6165.7£32.1™
FA25 1372.2+14.1"e" 6352.3+£30.6"
FA19 1361.5+9 24 5355.7+41.6'
Micmac 1387.7+10.5" 5189.0+£36.1#

YTEAC: Trolox equivalent antioxidant capacity.

IFW: fresh weight

»Values are meantstandard deviation (n=3).

“Values with different letters within the same row are significantly
different by Duncan’s multiple range test at p<0.05.

AbstEAol| 93] &A% 0] radical 52 A9l HEMo] Gl
= dE=E ARl 34T = glon, agd) A BE
A-go] 7t Wolt), 2059 7] FE=9 ABTS free radical
scavenging activityS H]. 233} Table 49 YeRNSITE. ABTS
free radical scavenging activity AEZAI} 6352.3-4592.3 pmol
TEAC/100 g FWe] ®91E YElew, FA23 FE5E°] 7
=& B4S B9 FAI3, FAIlL, FAI2, Linn o412 ABTS
free radical scavenging activityS R.ATh ThFst eje] wz]Fo
gakeleAd S AEe Kim 5(2018)2] AolMs HEAle] A9
72 pmol TEAC/g, Eu|2] 20 umol TE/ge] TS Hol =
g Aaunt vk e HOH, Lee 5(2015)2] A7lA
k=2 7} 2.99 mmol TEAC/100g FW, E-FHl2] 1.47 mmol
TEAC/100g FW, 2+=H|2] 0.77 mmol TEAC/100g FWe| 7+
Bysidet ole & Ad Aol Hla] w2 oIt o]
AFNE FF 1 B A3 W] FEE Fo s 2FE

e m

o] Ax Fof AES T3 WA =L free radicalS A ABHA
ExspAt, A @d F e AAEAe] AsE WA
g = ZoF AZETHFan 5, 2011).

HAME{o

F8Y ZHZB(method validation)
THE ellagic acid®] AU FHabr] 8 tFS
g 2o ARe FHEIATh ol Fd 202 water

r
N IE
i

2
e

me] 739 0.1% formic acidE AHE3HE Zo] T £& Hels
S & e, f718ue] 79 methanol® T} acetonitrile
AHgetE Zlo] o #Eleel =tk 348 382 ellagic acid

1o dlo tjo ofo oo
:

P49l 254 i ol-g3te] ZYseet.

B
=
n‘.lo{l
BN
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Table 5. Calibration curve, linearity, limit of detection (LOD), and limit of quantitation (LOQ) of ellagic acid
Compound Concentration (ug/mL) Regression equation R? LOD (ug/mL) LOQ (pg/mL)
y=133.74x-424.09 1
Ellagic acid 10-100 y=133.86x-300.35 0.9998 2.35208 7.12752
y=133.05x-237.46 0.9999
Table 6. Precision of ellagic acid
Concentration Inter-day Intra-day
Compound
(ng/mL) Mean+SD" (ug/mL) RSD? (%) Mean+SD (ug/mL) RSD (%)
10 9.53+0.5 531 9.5345.30 5.30
Ellagic acid 50 47.74+0.31 0.66 47.19£0.41 0.88
100 96.34+0.19 0.20 95.49+0.7 0.82
"Value are meantstandard deviation (n=3).
JRelative standard deviation.
Table 7. Accuracy of ellagic acid Table 9. Contents of ellagic acid in 20 strawberry cultivars
Compound :nlzgcji H;iqaf)iﬁd RSD  Recovery Recovery Sample Ellagic acid Content (pg/mL)
p (hghl)  (ugml) (%) (%)  average Aiberry 15.420.4"
Syuko 14.4+0.1¢
938 Derunoka 13.6£0.4°
103.0 Kuryumi-52 15.120.1¢
) 99.3 Linn 12.2+0.1"
Ellaglc 100.5 . gh
acid 50 47.69+0.31 0.7 . 100.1 Bious 12‘3i0.1_~
100.5 Comet 10.4+0.1°
100.8 Aska 22.9+0.1*
100 9538:0.19 02 1010 1010 Camino Real 12.4+0.0°
101.2 Albion 12.6+0.3¢
. o
Recovery (%)=(amount found-original amount)/amount spikedx100%. SVYeet charlie 12.4£0.2
Elie star 12.4+0.0¢"
Table 8. Analytical result of ellagic acid stability test FAl 13.720.1°
FA12 9.6+0.3
Compound Oh 24h Recovery (%) FAL3 13.6£0.1¢
Ellagic acid 92.83 96.42 99.26 FA23 9.5+0.1
FA25 9.2+0.1'
} . FA19 10.1£0.0
?‘—I_l;g %:L:— H\:'r“?’]oﬂ}‘i ‘Z‘]]}i\j;’{:]l?__ é‘zé%}:% oéo]%l fl: QA%X] 3_2']— Micmac 9‘6:l:0.3k
QIgl7] $1314d 10-100 pg/mLE FAIH S Z 8|43t ellagic acid 3 Val standard deviation (n=3)
- _ ~ - . alues are meantstandard deviation (n=3).
T8 HPLCE 3% Whe #Asje] Ais 2MJsielct. Ellagic Values with different letters within the same row are significantly
acid®] A9 FHAIFR)= 0.9998-1.00022 =2 AXE different by Duncan’s multiple range test at p<0.05
Boomw, A& 235 ug/ml, RIS 7.12 pg/ml FFL
2 Ve Afele AEH Aol 7Fede I8 tH(Table
5. wWebd old@ Ane @) 3o wEs wHoz AX 9L Bal ¥ BAWe fol4o] ee s
Rrnse] AFAAs AW A5 Aow FI B o ATAES cllagic acide] S8FH A FAeIRE H2e]
FolA ] gol 7Esd Aoz Alre. slste] A% HES) 100 pgmle 2441 ALnBse] har
AHAd2 intra-day®} inter-day #2141 10, 50 % 100 pg/mL S}5 =73 THTable 8). = A3t 24417 A - 59| ellagic acid
o A P70e) FEE 33 W T e WAL PPMe] A3 o W@ 580l 2% 395%e] IS vergev,

of FEEE ol tigh ANEFHAXHRSDYE T3t AL

[e]

o} Fxo] wWE RSD #S ¥+ intraday A FNA 0.82-
5% ole] 3 ZZ20|Me| ellagic acid HPLC &H2F 24

5.30%, inter-day A3 Al 0.20-5.31%=2 25

AUAS et A9 23 FEEE 10 pgmLolAE

ellagic acid®] 24A17F &<t 318H4 HYAdS E1s

Ellagic acide B7|9A 7P¢ S83 sisd FEE o5 %

5.30%, 50 pg/mLoAE 0.88%, 100 pg/mLolM = 0.82%] RSD%: o] B4L Rolx oty YHA YUckPineli 5 2011). 20% =

S 747t JER At (Table 6). F3HdS 213
A s A3 5980] Hdh 100.0-101.0%7}F YERESH, RSD
%)‘_0_

N

F71 S8l Al -7kl

| FE2=90419] ellagic acid &S 4% 43 92229 pg/mL
HAZ YERIT, Asca FEEOIAM 229 pgmLZE 7 =2 ellagic

Fe 02-53%2 HEZ UeRdtHTable 7). AUz HEA 2 acid $F-S YERATH(Table 9). Aiberry, Kurymi-52, Syuko, mic-



522 =2 E 388 x] A 51 WA 6 F (2019)

mac FEE £AZ ellagic acidS Zo] i3t AATE Pineli
5(2011)= Osogrand-°] &7]°|A= 194.03 mg/kg FW, Camino
Reale 166.88 mghkg FW= R 50] 913, Kim 5(2010)2] =7]
Aol oJahH 1.1-15.0 mg/100 g FW= B A¥ A3}l v)$=3t 4=
Fol At

£ AT E v FFY 2] FEEERH JAES 9
3] A ABEE

&3 A sl RS flste] FH71E L %
ol ahaksl &8 718l ellagic acid 3 4 E AT
ASS S dejdlelds stk & EYule S 2277
107.61 mg/100 g FWE thFshAl Lhelton Sepnicol ghak
S 17.5844.12 mg/100 g FWO.R TheFalAl Uehdth & Za)

A= g 5 Sk ol= g At Aiberry?t Elie starclM 71
B F Zued SRkl 998 et DPPH
free radical scavenging activity= 1540.6-1124.0 umol TEAC/100 g
FW ¥9S Yehl03, Derunoka?} 1.541 umol TE/100g FWE
71 = 7S YeRIATE ABTS free radical scavenging activ-
ity 43843} 63523-4592.3 pmol TEAC/100 g FWe] B S Vet
yen, FA23 280 7 =2 48 B9t Ellagic acid

<

EFEZ tigh g JBAFRY)ZS 0.9998-1.00002 2
g =2 AHYS Hlon, 7] &5 ellagic acid 32

9.2-229 ugmlg YEIRIO™, 2 & Asca FEEC] 229 pg/mlLE
7P =& ellagic acid 35S UERAIT Edlo)d Axt Hg
e W3t 100-101%] Br&S JERAE, A 3 &
HE 10 pg/mLoAE 531, 5.30%, 50 ug/mLolAE 0.66, 0.88%,
100 pg/mLAME 020, 0.82%] RSDZES UeEhiRITH 2 A
AHE FHsle] B gkt W|ES FEES w2 gl 8
T YERH, ol zAEitZe] At dAlEle & ZYvE
% ZRwo|=e] e ] 7|deke AR Algdrh BEg
AAGAsA 2735 98 AXYECZA ellagic acid & F
A gl dgdold s FteEa 2 Ao AHE BFE
Eo] A ditsREA ] A rhsA ) R did 71E
ARS 93 71ZAEE AR

HAtel 2
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