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Abstract

The content of ellagic acid obtained from the extracts of Rubus occidentalis (RC) and its antioxidant activity were
measured to secure basic data for developing functional materials. The extract was prepared by boiling RC in water
for 3 h at 90TC. The polyphenol content and 2,2'-azinbis-(3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS) radical
scavenging activity (ICsp) of RC was 30.60£1.27 mg/g and 176+3.95 pg/mL, respectively. RC acid hydrolysate (RCH)
was analyzed using HPLC and ellagic acid as a marker compound. HPLC was used to separate the content using
the following experimental conditions. Gradient solvent made of 0.1% formic acid and acetonitrile/methanol (85:15
v/v) was used with elution solvent gradient. Separation was performed on a C18 MGII column (4.6%x250 mm, 5
pm) and with a 254 nm PDA detector. Limit of detection (LOD), limit of quantification (LOQ), precision, accuracy,
and recall rate were measured. Ellagic acid and RCH were separated from other substances with a consistent detection
time and peak retention time. Ellagic acid and RCH were eluted as a single peak on the chromatogram at approximately
about 17.9 min. The maximum absorbance of ellagic acid and RCH was consistent at 254 nm PDA spectrum. These
results indicate that ellagic acid and RCH are similar and there are some specific differences. The correlation coefficient
(R?) of the calibration curve showed a 0.9999 linearity, 0.1330 pg/mL LOD, and 0.4029 pg/mL LOQ. Inter-day
precision, and intermediate precision were 12.95-13.48 mg/g (1.38-3.70% RSD) and 13.16-13.41 mg/g (1.19-2.51%
RSD), respectively. The ellagic acid and RCH contents were 6.17+0.80 mg/g and 19.56+3.56 mg/g, respectively.
The content of ellagic acid increased with increasing extraction and hydrolysis time. Our findings suggest that HPLC
analysis could be used for validating ellagic acid as a marker compound of RC.
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o, FUHE7], 2 715 B3 A" SR, olk, HA, A s
WA, Bt 59 52 7HIAL ok QA A7l Fst
of AHRIO] Thilo] FHEHA A7 SAIECIY 712 AlE
o= HF7t 7Rl wet 7154 2 e Sdd Higt
A7) E75kal YthChae 5, 2014; Stoner 5, 2006; Wang
3} Lin, 2000; Wang¥} Liu, 2000). 33 AE-L ellagic acid,
gallic acid, p-coumaric acid, quercetin, proanthocyanidin,
cyanidin-3-glucoside,  cyanidin-3-rutinoside, cyanidin-3-
sambubioside, cyanidin-3-xylosylrutinoside 5°|tHChae 5,
2014; Kim 5, 2012; Kim 5, 2014; Kim 5, 2016). E&X}
& F ellagic acidi= ZT 1= SRIE=E 4L P9, =3t
AA, FHRSE SFHAEE A 5 852 A3 Stk
Ellagic acid= EHH|2], B7], AFR7], g=2Hg, A%, 25,
A, A 5o 529, ellagic acid glycoside, TG}
ester A%SH ellagictannin®] FE2 2AolH, =¥
ellagic acide= A% EASHHLee 5, 2014; Namkoong 5,
2012; Yong -5, 2019). A=°f §-3-4 ellagic acid®] AA| st
g 2451 e Aot YuE 8L olgsiol §
2|4 ellagic acidZ 7EdlAlAHCk SttHLee &, 2014;
Namkoong 5, 2012; Yong 5, 2019; Zafrilla 5, 2001). At
7tidlle F71AH AL 4t 5), R71AKEAAL oFRIEAL
OAFT BRI 5), ALKl W F2A], ol WA
T 5 T2 HA7IH, A& 5 AAES] 7St 5
2 o] kKang 5, 2005; Kim &, 2013; Kim &, 2019).

AA 7 71648 AF A 3Elt AF AdS Bl
B RS ASHAL JAIEE AHFH A7), Az, B4k
2] Sol wje E27} 7154 20| §F Hol7h e Chac
5, 2014; Kim 5, 2013; Lim 5, 2020). A A73o] |-<st
71578 AALAE ol-&sto] A7 sAEE 7dst] Slsh
A= 7154 9m7t QSE oo gtk 7154 ¥=e] 7154
AELS 71554  biological active compound)i} R|HEAJE
(marker compound)© 2 LEIITE 7| 5AHELE 7|54 &4
o hE RS B Y=ol B5o] FARE Bl 44
gt o] Foll= 7I15AAR] a53 oY AR B= 7l
ZBA7} lofof gt HieF s AJRo] o] FeskA| ¢
1 7157879 Aadol RoH TlsAdue] et et
offth. ARGEZ 7157 a0l o 8 Bt ¥
79| maxtol| AT HEelA] ek 9ol ARtk
o] Afoll= YAEE ERIT 4= glojof THKFDA, 2008;
Kim 5, 2012; Kwon 5, 2016; Jung 5, 2016). oJo] u}2t
AT HHS o RAES eI A 2
ol Aol gk A 9 AlEZRo] thet A=
7ol iRt AW ZS(validation)o] W% &85t} A1
w1} 7157wl tigt ok A5 7157 Aol thgt ok

.

33 715/d< Tk o= AFohe WHiolth AL 7]

/R0 o BAL Vs A9l 4 I Y A &
A2 AR o] &HHAhn 5, 2017; Jung 5, 2016; Kim

5> 2012). Webs] A7 54ES Jdsh] flsiAe 71s
X fzol i B2 L /1E 74 490] ke FRsH
(Ahn 5, 2017; Jo &, 2018; Kwon &, 2016). A FAAEY
716738 A RlE WhHoly Agdshal w4
HOo® HSStolof sh, HI=A] TehA] eigAdat A1=)/do]
A E|oJoF 2K Ahn 5, 2017; Jang 5, 2019; Jeong -5,
2019; Jo 5 2018). EEALE A7 54 0E s | ¢
= 7157 YRS USslofof gt s U= QS
PI5k BHS W8 BANIE olgalo] et A2 ol
BAATE £ET 5 U RAPHS HYslelof Ak
o7 FA7]7]+= high performance liquid chromatography
(HPLO)Z o183t A/} HaAd7 |(mass spectrometry)
2 0] 8510] AT Bllagic acid SejissRiBas 2
0] o g9 A0 2R ek Elagic acidd 754
ARGREC R 5] ffsie AEAUOIA ellagitannins
ez EAHE clagic acid®] 5 THE 2o Sl
Lo A1 o|ato] ZleRAAZ F BATHChae
S, 2014; Jung 5, 2021; Kim &, 2012).

olo] Wt & Al HEANE ol&sto] 7154 AAE i
wel] et 71252 Shesl) Sistel HPLCE 0|83l
ellagic acido] T3t BAH A1} B ZZ(validation),
I, AR B4e S7dste] Ealsk= Hioloh

R

Az U 2=

AFo] ARESH AlRE 20199 HE SofA] AufE 28
ZHRubus occidentalis) =52 W2, 2% 5 JHFHE &Rl
shal Ao ARESI O, HE-2 () d=ratao]
HyElo] qloh BERAN= 21 E7|(LP20, IiShinBioBase,
Dongducheon, Korea)E o]-8alo] &4 AZRAIZ] T E47]
(HGB2WTS3, Waring, Torrington, USA)Z E4f5}lo] 100
meshZ 7& &9 20 gof] S7 400 mLE J7RE & &
SkoITh FEAIREE 1, 2, 3ARE 525 20, 60, 0TE 5
o1t FEEL Y4ET]7](Super-22K, Hanil science
industrial, Incheon, Korea)E ©]85}9] 3,000 rpm, 1587+
A EYAA ITHES AASHL, 04 um TE= A o}
AlFth oL 7QksZ7](N-1000, Eyela, Tokyo, Japan)
£ ©0]-8&51o] 30 °Brix OJ5tE 5HAIX] &, FEAX7|(LP20,
I1ShinBioBase, Dongducheon, Korea)E o]-&35}o] &4 Ax
AlA EEA EFEE(RO)= AZsto] Aol AN
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ABTS 2| 47 &4d
=
ABTSE 2.45 mM-potassium persulfate(K,S,05)0] =0]1,
7} 9ESA

- v O

Analysis of ellagic acid and antioxidant activity of R. occidentalis
ABTS izt 47 24E 2431 S5kl 74 mM-
1A ABTS radical

o]l 2,2'-azino-bis-3-ethylben

of oI
4 Aetoto] ARolA 164]
cation® FAA7]|1, AT Z
zothiazoline-6-sulfonic acid(ABTS) 882 732 nmoj|A] &
F%7} 0.70] EEZ PBS(phosphate-buffered saline; pH 7.4)
2 o]8s}o] 3451} 96 wello]] SR 3143 A7

10 pLo}F S Fhol 0.72 345 ABTS 89 190 pLE ¥
71 &, microplate
=

Ale}
ellagic acid< Sigma Aldrich(St. Louis, MO, USAYE AR&-5}

Folin-Ciocalteu’s phenol reagent, potassium persulfate
Fom, HPLC &4 & Alm Ao ARgRE 8ufjet o574
Nanospace SI-2

247)7)
(K28,0), 2,2”-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid),

rElS
Capcellpak C;s Type MG 531}
S Apsto] AF2oflA] 104 B2F BESA]
reader system(Nano Quant, Infinite 200 PRO, Tecan, Austria)
& olgsto] 732 ol FYES Yot $EEE A

A
MI, USAYS Ag3l9ith. HPLC A]
(Shiseido, Tokyo, Japan), PDA detector~= Nanospace PDA85
WA ke thEo] FWEA sov%z SAYIE o Be

T FEEY FE Gy #o= YERSleH, FdHizd

fll= 2% HPLCH(Burdick & Jackson Co., Muskegon,
ascorbic acidE ARE-SFITHRobert 5, 1999).

, A

II(5 pum, 4.6x250 mm, Shiseido, Tokyp, Japan), O] 54>

o
T

(Shiseido, Tokyo, Japan)
SH Az B2 25E2(R0O) 0.1 g

0.1% formic acid(A)%} acetonitrile/methanol(85:15 v/v, B),
42 1.0 mL/min, A& 10 pLE FYot] &3 254
nmoJ A ZA/5IR 01, FA4F712 Table 13} ZTH(Kim -5,

2012; Kim -5, 2013; Lee 5, 2014; Namkoong -5, 2015).
ARBY 23 U A Thegs
2] -89f(HCl:distilled:ethanol=2:2:6; v/v) 10 mLof| &

Agge o
5 95COIA] 3087 AL F1eRefet 7, ALolA Wats
21 100 mL volumetric flasko]] €2 HPLC 5% methanol&
TSl E(RCH)

s B2 2%
2BH7 E2ZEROMS 0.5 pg/10 mL (DMSO) 5E& 83
AIZl Ag@3EN 200 Lo} 35~ 1.8 mL, Folin-Ciocalteu’s
phenol regent 200 uLE 39}s5to] 587 ¥REAI & 7% o 7
— =y = =2
NaxCO, 2 mLo} S5 08 mLE £ b Lol 00 o
£ 5% WA F 750 mold FBES SAFRAT
Singleton?} Rossi, 1983). _ — - -
(SingletonsF Rossi, 1953) Thstol Bl ol BeA 3589 41 /)
o zAEI oW AR % '
Table 1. Analytical conditions of HPLC = ZAPKAoH, A8 A 045 um PTFE syringe ﬁlterE‘ ol
Ffeto] ARgatgI). 714~Ba A7k W2 ellagic acid $2F
Parameters Conditions < 24517 9J5lo] 1-6A17F 7B A 24519 THJeon
Instrument HPLC system (Shiseido, Nanospace SI-2) 5 2016; Owczarek 5, 2015; Theocharis®} Andlauer, 2012;
Detector PDA detector (254 nm) Vekiari 5, 2008).
Capcellpak Ciz Type MGII, 5 pm,
Column 4 64250 mm (Shiseido) BZ80 2|
Temperature 40T HFEHL HwHo| AaH nAAEE o851 ellagic
Tnjection volume 10 uL acidE 5.0 mg& AElA AFste] 10 mL volumetric flask
Flow rate 1.0 mL/min o] Y17 HPLC 5+ methanolZ 10 mL AR 2] 500 pg/mL
o =9 stock solution2 ZA|5}ITE FAE stock solution
A: 0.1% formic acid in water o = P .
B: Acetonitrile/MeOH (85:15 v/v) 4Co] BHsPHA ARE o] 3]Aste] ARSI
Time (min) % A % B B A=
N 0 wob HEoJoRERAA | oJokE 5 AR Wdlold Flo]=
ob1le ase - . . . .
P Cradiont 24 76 24 glole A 5lo] Eo]A(specificity), 21414 2 ¥ (linearity
30 20 80 and range), AEH(accuracy)T 3]E(recovery), HHEA
0 85 15 (repeatability), LA (precision), HZSHA|(limit of detection,
40 <5 5 LOD, S/N=3.3), A=F3tA(limit of quantitation, LOQ, S/N=
10)E 24519t Chae 5, 2014; Jo 5, 2018; KFDA, 2008;
Run time 40 min Kim 5, 2012; Kim &, 2019; Kwon &, 2016).
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o1y

Blank(MeOH), F&-8&M(ellagic acid 200 pg/mL), A&
OH(RCH 10 pg/mL), A (ellagic acid 200 pg/mL+RCH 10
pg/mL)yS ZASt F 0.45 pm PTFE syringe filter® 3|5}
of FAo] ARESIGIH:. ol B4 B4 242 ellagic
acido]| gt W 39] 7Hd, EEHT A|E8H F HoAo] 13
AEA7H} SA A7 photo diode array(PDA) spectrum®]
SYo g ISP HKwon 5, 2016; Kwon &, 2017).

A

ke

0E

o #

54 1 mg/mLE HPLCE methanol 24 £} 0 &
A3} ellagic acid ¥5-8N-S HPLCE EA45l0] 5o o
Ao dfsto] AFAlS A/dstal, 2A/dst AdAe] A
15:R)ZES 248t Lee S, 2017; Yoo 5, 2019).

™
| X

ol lol
e

2,

HLYa =y

HHE/d(repeatability)> FF-8H 1} 22 = FARE Al
A&l thet WA MRS AR AP SRlst
o}, ASA W A2 A(intermediate precisiony2 o2 A
Fo LS AAE Y AYA ol 42 o AdYAk
AIgAY, 71t 5 EEiolo] 5793k &7k 7o) 2o = o
o, SR} A #EEH X relative standard deviation, RSD
%)E Torlth YWEA (intra-day)> 19 377 2135131
T, AZHEnter-day)S 19 177k0.2 3947k AAJsteict
(Hwang 5, 2019; Kim &, 2012; Owczarek &, 2015).

LIS

YT 548

Ellagic acid #2899 2.5, 5, 10 pg/mLo] RCH 0.1 g&
27t WA U BHRA0R BAsiglon], QA
Ao E2 AP ol83ste] 7 Fo9) A& 5= g
TR, AA| 71 o] sgtol it Sla-E(recovery
v Lehfol HES B A 5, 2017; Kwon
= 2017).

4=
A
A

-

d AS= B9l 2 Al digt AFA9] 7=
7] Bkt yA o] tiet BEHALE o]-85to offf Alof of
Qddle] AESHA (limit of detection, LOD) ¥ Z=sHA|(limit
of quantification, LOQ)E A5} th(Jang 5, 2019; Jo 5,
2018; Kwon &, 2016).

]

FFALOQ) = 10 x yHHo] EEHA} / HFA 71871
o] Hagk

ASTA(LOD) = 3.3 x yEHO| EEHA}L/ HAFA 7=
719] Htgk

SAEH

o |

EAEAL. GraphPad Prism(version 5.0; GraphPad, San
Diego, CA, USA)E ol-&sto] &A1t A9 Zi=
meanztstandard deviation(SD)C 2 UERH oM, ZF 15 719]
BEAA F9A4E one-way ANOVAZR E43}0] Duncan’s
multiple range testS E3l|4] AL AASIY ) p-value ZH
p<0.055 A |FxPt itk skt

Z4

Z zF

AE

t

ks
ne

eitst 2y

A1E9] misd FE2 A1E9] 27} HAMEERA B
129 SletRE 7HA| L §lom, A|Ee] EJAAE A|A
Sto] AISHA AEFAE A3HA7]= A & JRCoR
T, TS THlRA T TR S 7HA AL Stk
(Erkan 5, 2008; Lee 5, 2018; Park 5, 2020). Z¢|d&= S}
A=-Z phenolic hydroxyl(OH)712} Epar W82 LOA o
AYAE FHot] AR FHES T FHIE F8AA
At ot AL JAAIZItHKang 5, 2017; Kwon
5, 2013; Kwon 5, 2014). 259] gH4ke}t 42 E9u=
Srgat viglol, Edjls o] 5255 S AAs
o] F7letk= A& EYH=9] hydroxyl”} ABTS ]z
A B S Zoigo 2N BRSPS B
TEYKKimT}t Son, 2016; Park S, 2007). ABTS &}z
AAG/GL A &4 EE) osto] EMEE= 4 o]
|ol= AgvhHog PSS u= ABTS7} H4ts B4
HkS5hH £ o2 HEltKLee 5, 2002; Woo 5, 2016).

BHZo|| $-3H ellagic acide HEA SRIEEA A
3} MR F4] A 4L Z=THNamkoong 5, 2012).
olo] gt EEAE FE2E 9 FEANE gElol] &
St 325 RCO| st ABTS o)z 2453 Z2ddlsE &
< Z75ItHTable 2). EEAE 90T 3417 2 B4 &
2l 3lefo] 30.60+1.27 mg/gC & A= o, ABTS #f
Oz AAS(ICs0)2 176.49+3.95 pg/mLE ZA4E AT, 60T
3AIZE 2804 EYule TEo] 30.32+1.66 mg/gCE &
AE]glom, ABTS )zt AAS(ICs)S 189.65+ 3.54 p
gmLO =2 ZSHEE 20T 1X7F F2=04 EHlE
0] 29.12+0.57 mg/g, ABTS 2]zt AAS(ICs0)S 206.25+
432 pgmlE EAEQoH, thZE7Q ascorbic acide=
18.45+0.54 pug/mLo]gth. 20T 1X]7F 2EE A= 224
7o) F7fstel wet Sul= F=F ABTS Sz 47 &4
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Table 2. Total polyphenolics contents and ABTS radical scavenging
activity to extraction temperature and extraction time of Rubus
occidentalis extract

ABTS radical

Temperature Time Polyphenolics scavenging

(©) (h) contents (mg/g) activity

(ng/mL, 1Cso)

1 29.12+0.57*) 206.25+4.32°

20 2 28.50+0.30° 207.12+43.79*

3 27.13+2.09° 213.40+3.95°

1 30.81+0.95° 194.34+3.15°

60 2 32.28+1.17% 191.4242.61°

3 30.32+1.66° 189.65+3.54™

1 29.83+0.93 198.36+3.55"

90 2 31.03+0.61% 185.45+4.05°

3 30.60+1.27° 176.49+3.95°

Ascorbic acid 18.45+0.54

ICsy value in the concentration (pug/mL) of sample required for 50%

inhibition.

All values are expressed as meantSD of triplicate determinations.
YMeans with the same small letter in each bar are not significantly
different at p<0.05 using Duncan’s multiple range test.

o] As=|3ltt. Kim 5(2014)°] =W EF 4 Q#is Ei&
A9l & Ei= o EFE2EY SEYHE T 24 Al
Al QJEE BEA}F 50% oSS B4 FE e F
o] 46.97+2.79 mg/ge|oH, EF EEA = E5EE0IA
31.00£1.49 mg/gC & BAE]Tky Bsldrh Lee 5(2019)
of| W= ol £& SH4E 08519 80T, 110T 3AZE
ZFZ50| tist ABTS radical &7 ZA(1Cs)S =73t A1},
80C 22E9] AHEls% 31.25 pg/mLollA] 46.91+ 2.34%,
62.5 ug/mLolA] 56.90%, 110C =&E0] Aol 31.25 p
g/mLOol|A] 43.70+1.48%, 62.5 ug/mLoA] 5236+ 0.88%°.2
FEE9] A v7t S7Hel et ABTS radical &7 &
A% Skttt BaE A2t fAkst

Ellagic acid gz

Ellagic acidi= 7383t @4l S-S Ad E2jHlEEA
NEANY] 2 Aot ATEU cllagitannin FERE
275} Qo] ALOE 71BN 7| H ellagic acid o] 1=
opAlttal A& A QthLee 5, 2014; Namkoong 5, 2012;
Yong &, 2019; Zafiilla 5, 2001). BEAE 35 2% 20,
60, 90CE, 1, 2, 3AIZF &3 & 4t 71E5A1] RCHE
gy BEAuPHOo =2 ellagic acid SRS EA5IgE oM,
ellagic acid®] }BFLRE Fig. 13} Zth 20T, A7 25

oA 3.48£0.20 mg/g, 60T, 3AIZF S&ZEO|A] 540+0.13
mg/g, 90T, 3AI7F 2EE0A 6.17+0.80 mg/gl 2 7MY =
A EAE AT EEA] T ellagic acide & 229
2 AZto] F7Rlol = F716ithTable 3). Lee2}
Kim(2018)°] W=2H §h= & F= AlE vl&at EEALY
ellagic acid ¥ H]n A4 =W AuliE vl Hi&
A FHpEEEO|A 11.59£048 myg, FF AiE vk}
11.07+1.17 mg/gl2 BEAE|9lom, Choi 5{2013)2] AT
oA FTolA AEiE miEI BEAL deFEElA
ellagic acid g5F0] 8.50 mg/go 2 EAEJITtY H 1S}
t} & A7ATC} ellagic acidQ] HFo] Aolgt AL P A]
719 & A7l oJ5t Zolzt Wk

o0y

BAARY] BB, MR, B8] AE, 47184 So|

HO O 0
OH

Fig. 1. The structure of ellagic acid.

Table 3. Ellagic acid content of Rubus occidentalis extract
according to different extraction temperature and time

Temperature (C) Time (h) Content (mg/g)
1 3.18+0.32%Y
20 2 3.40+0.45%
3 3.48+0.20°
1 3.76£0.09°
60 2 4.90+0.54°
3 5.40+0.13%
1 4.83+0.06°
90 2 5.67+0.19°
3 6.17+0.80°

All values are expressed as mean+SD of triplicate determinations.
'Means with the same small letter in each bar are not significantly
different at p<0.05 using Duncan’s multiple range test.
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S AeolH BHEkE B0 %L 0A UL BYE

W fezoln Aas] BaSR: Solde 2¥siant
=

(Jeon 5, 2012; Jeon 5, 2016; Moon 5, 2014). 28X} &
EES WS AECRE A 7 s/ABGECR ellagic
acid2 A4 7159 HSoP| flsle] BRAE S74E ©l
&35to] 90T AT 53 &, FEEZ 4L 71580 Al
# RCHE A|Z3t & HPLCE o|-85to] EA5131tt. Ellagic
acidE A&l £A4S ffsto] 2§, o581, PDA A&
S HASAI T Table 13} 22 202 EA5Hh
Ellagic acid #ZE243} RCHO] A &2u}E 19| w7 He
£ gRIgE 23}, tE 49| 7H glo] &Y ma= Eoy
om, ellagic acid #Z8N7} RCHE HAEAH 2 034
A A7 Hretention time)°] PA|5}FATt. Ellagic acid =4
I} RCH EFoj|4] OF 17.9%0)4 137} FEE o] U3 =
AAS gelstylon, =8 179] 7Hdo] §lof &s] £
E]}Ic}. PDA spectrum 190-400 nmof|A] ¥EE291 ellagic
acid?} RCHO] AHEH-S 3915} t}. Ellagic acid®] AH
EE ZRIgE A7}, 254 nmoj|A] o F3=7}F vEton,
RCHOA & 53t sjel9] AHEHo] gQlx|o] FAHH O]
Solido] U= USIHFig. 2). IAEEA FEES
HPLCE o|-8&3}o] UV detector 254 nm, 1% formic acid2}

(A)

A2AEALGETSA AsA AST (2021)

acetonitrileS ©]-&5}0] gradient= 243t A3}, ellagic acid
HEGH TAEEA 550 AHE-0] FUSIGAL, A
ZolEOo] MEES A7to] 222812 FUSHA SHEA
Tl BV EQlOM(Kim 5, 2012), HEA 553 HPLC
£ 0]85}9] PDA detector 370 nm, 0.1% phosphoric acid2}
methanol ©|-8519] gradient® 245t A}, oF 12800 =
20hE 1300] Belop] AzEo] SUg 2L Ui
0], B8] ellagic acid W=7} Tl WL ABEIL
o2 m39] 7H] glo] &ds] BYEHIT . EaE9th
(Chae -5, 2014). & ALof|A] 1791204 A=ntETTHo] 4
S5 29} fASHA EAE QAN A=rtETH JESAIRE
o] T2 AL flow rate?} column temperature, gradient -0
7o) o3t Aoz wEr

™

2 rX
)
g

= 0X
U
2

Z Jo

o

flo

[

ofx

Y E49 & T kol thet
She Aoz 13 HAH|e} FrH|
|-&5t0] AF&SIHChoi 5., 2017; Ham
5> 2018; Jeon 5, 2018). EAI5H= A 5 4748 &= HH
9 ellagic acid &%= thste] 242 Z47S glst] ¢

5tod ellagic acid =20 tfet A4S SRl &

o= =

0,

]
o

2N
filo

o]

r

HN
o, J

]

Eu )
ot
o,
filo
(e}

n

2000

1000

Volts

- 2000

1000

Volts

30 35 40

750

500
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Fig. 2. HPLC chromatogram and PDA spectrum of (A) ellagic acid standard and (B) Rubus occidentalis extract.
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THGALE Fig. 33 Z0] 1.5-24.0 pg/mlL oA A48
FR)E ZF 0.9999 ol4Fe] HxAo] Uelittt. Chae &
(2014)9] ALo)lA ellagic acid BA9] FZAFAL 6.25-
200 pg/mL SEoA AALR?)7F 0.9999F Aol Lt
ERfQItty B aslgd om, Kim 5(2012)Q] AtollA HEd
2 A3 ellagic acid EE=LHO] gt A4S 5793 2
T}, 1-10 pg/mL HoA] ATAGRY7H 0999608 AFA
< UeRioty B skt

A

ke

3

e
na

M3t ey
24 A8](repeatability)Z} A4 W HA(intermediate
precision) © & DA (precisionyZ B7FoI3ict. B4 A
(repeatability)> w43t A=A FLT AT 5L
Ao} 71, FY A&, ST 22 24 slolA 2 A
AE B EA5te] A2 SAZE Aol 2HHEAAE)
£ 9u)sict. A4 W YA (intermediate precision) A
A4 HollA EA LA}, 47 2471 52 EEfste] 54
Sl= HHoltHJang 5, 2018; Kim -5, 2019). BHEA] AE2
ST 2AE FEAS A0 AAS BAIsow,
e S48 sk el B, EEHAKSD), AHEEHA
(RSD)Z A1 2t LRI cllagic acide] FFS Bt
12.95-13.48 mg/g, RSDE 1.38-3.70%=. BAH gt} A%l4l
W Add=s S457] fste] £4A 9 B4 AAE 25t
o] 3UZE 7 G| AR} AR 2L, ellagic acid®]
© W3 13.16-13.41 mgle, RSDE 1.19-2.51%8 BAE|QlcH
(Table 4). B7]of $H-5 ellagic acidE E43t A1}, Lo
w2 RSDE intra-day A$I0]A] 0.82-5.30%, inter-day A13]
oflA 0.20-5.31%0°]310™, FEA EA4oA= 10 pgmLo
A 5.30%, 50 pg/mLoIA] 0.88%, 100 pg/mLolA 0.82%]
RSDgto] U A gdo] Qlrtal HATE|QItK(Yong <5, 2019).
1% BEALY] intra-day AEOA] RSD= 0.30-2.28%, inter
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Fig. 3. Calibration curve of ellagic acid standard.

Table 4. Precision of ellagic acid in Rubus occidentalis extract for
validation

Precision MeantSD (mg/g)  RSD (%)”
User 1 12.95+0.36" 2.74
Repeatability User 2 13.14+0.49 3.70
User 2 13.48+0.19 1.38
User 1 13.16+0.16 1.19
Intermediate 55, | 13.3240.34 251
precision
User 2 13.41+0.23 1.73

DAl values are expressed as meantSD of triplicate determinations.
JRelative standard deviation.

-dayollA] 0.12-2.84%9] AUEE YeERIT 2 1%H(Kim
5, 2012) AFATR}L FARIA UERET

dedE F7%ko] ofv] L e w9 o, B
Fholl 3t =24 Adgto] Jgkoll dvht 243 71
o). e 4l Y= T FFEAS AR
of H7I%t & JEE e WESE TR (Chae 5,
2014; Hong &, 2015; Kim &, 2012). RCHO|| &89S
713t HPLC 2427 7] %8t0] Hedat 5-&(%)2
E 519t RCH 0.1 gof ellagic acid 0. 2.5, 5, 10 ug/mLE
A7RRE & BA 23 3E2 99.11-115.46%% UL
M, RSDE 2.5 pg/mL EE01A 131%, 5 pg/mL 24
1.22%, 10 pg/mL 52014 3.86%2 LFERdtHTable 5). T
A BRI 2E59] ellagic acid 3|58 89.17-97.92% ©]
U, RSD= 0.2% o]fo]QlchT ¥ 115910 H(Kim £, 2012),
Chae 5(2014)2 EEA} 80T E5:2=°0A ellagic acid &
A 43} 89.08-100.22%9] 3l5~&o] UEthal g Ayt
S ERET S

o

= ¥ FEsH

AETA(LOD)= Al=ol| TRe AdE9] AEo] 7hsdt 3
F Ei= 24| skolH, FHRIA(LOQy= Al&el 34 4
9] Ag=o] 7hs3t A T A skolth A A
B9l ¥ HFAQ] 712719 #EEAyEH)E B9l HE
e} A EA5I HEMARE 0.1330 pg/mL H
, A5HA] 0.4029 ug/mLE UERGTHTable 6). Yong S
(2019)°] WE=H B7] EFEFEZ HPLCE ©]83t ellagic
acidE A%t A}, HERM= 2.35 pg/mL, A= 7.12
ug/mLE BAEQThT B UEglom, Chae S(2014)2 EE
At 259 ellagic acid A H/J= w4 A4 HETA=

o b

ol mlo

dor
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Table 5. Accuracy of HPLC analysis for ellagic acid of Rubus
occidentalis extract

Table 7. Ellagic acid content of Rubus occidentalis acid hydrolyzate
(RCH) extract depending on hydrolysis time

Concentration Recovery Time (h) Content (mg/g)
(ng/mL) Mean+SD (%) RSD (%) 1 3.95+0.85*)

5 99.111.30" 1.31 2 9.88+1.25

10 114.23+1.39 1.22 3 11.65+£2.51°

20 115.46+4.46 3.86 4 16.46+2.85¢

YAl values are expressed as mean+SD of triplicate determinations. 5 19.56+3.56%

DRelative standard deviation.

6 18.93+2.59%

Table 6. Limit of detection (LOD) and limit of quantification
(LOQ) for ellagic acid

LOD (ug/mL) LOQ (ng/mL)

0.4029

0.1330

0.6 ug/mL, FFSHAE= 1.9 pg/mLrkal B gt AFZAvet
FASHA Lrebsttt.

Ellagic acid g

EiA =59 7ol Alztell WE ellagic acid 9Fd=
Z7517] flsto] 95CoflA 1-6A1%F 714=E5ligh < ellagic acid
e SIS SAIRE 7HEsE0lA ellagic acid 2]
19.56+3.56 mg/gC& 7P E=gkom, 17} 7B o= Al
3.95+0.85 mg/g Q& 71} WA ASE| et 7ia=sl SARK7
A= 7128l Alte] S71etol Wt ellagic acid @Fgo] 571
IO, 6A7F o]Fofl= A4St Table 7). Lee 5(2014)
9] AN B7IE At 7IE5HSE F ellagic acidE #A4I5
A}, 9.2-22.9 pg/mlL $HE0] ok B sigich

2 o

ERARE ol8sle] 7154 AME sk 93k 7124
£ gH517] 91519 ellagic acid 34 gt Ak} B4
SIS H2A4F 90T, 3ARE FE=004 Frlks 3ol
30.60+1.27 mg/g, ABTS T}z AAS(ICs)2 176.49+3.95
ng/mLE Z7=|Qlth. HPLCE ol8sle] B84 525 4
AZFESE(RCH) 9] ellagic acid Fda} #4151 2] 50
AREE 8= 0.1% formic acid?} acetonitrile/MeOH (85:15
Vv), Cis MGII Z#(4.6x250 mm, 5 pm), 92 1.0 mL/min,
A% 10 pL, PDA detector 254 nmol|A] A& $HA|, A3F st
A, AU, FeH 9 383 5790181tk Ellagic acid
02 B9 7Hd glo] & mj3 2 Eej=elor, HEAIkE
9 1 3.8-X|A|7to] AX|515ct. Ellagic acid?} RCHE| F2

All values are expressed as mean+SD of triplicate determinations.
Means with the same small letter in each bar are not significantly
different at p<0.05 using Duncan’s multiple range test.

OFE I oF 179804 B m37t HET o] 5USH X
A SRI51H 2™, PDA spectrum 254 nmO||A] ellagic acid
9} RCHY| Hf F4=7t YAJste] Eolido] 9132 ERlst
Ft. Aol ATARRY)E 0.99999] 24140l LrelFo.
™, FETA= 0.1330 pg/mL HY, FFTHA] 04029 pg/mL
2 Yt g7k Jd/id 12.95-13.48 mg/g(RSD: 1.38-
3.70%), AFAY HLAPL 13.16-13.41 mg/g(RSD: 1.19-
2.51%) 08 BAE|QIt). Ellagic acid2] RS BEAL & 90T,
3AIRE FEEOIA 6.17+0.80 mg/g, SARRE ZRpRsiEolAl
19.56+3.56 mg/gC & BEAE|glon ZZA7l}t 7REs|
Azto] F7Fetol mt ellagic acid ¥FFE S716HITE & &
AHPHS HPLCE o]-8sto] EEAL A EEZQI ellagic acid
FAo A3kt AlE Yol AFEA
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