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Abstract

The goal of this study was to investigate the extracts of ellagic acid in Korean and Chinese black raspberries
according to harvest time and extraction solvent. This study was also performed to establish a simple and reliable
high-performance liquid chromatography-ultraviolet (HPLC/UV) analytical method for the determination of ellagic
acid for quality control and to establish baseline data of extracts of Rubus occidentalis (uRo) and Rubus chingii
(uRc) fruits as healthy functional food ingredients. uRo and uRc were each extracted with 0%, 5%, 30%, and
70% ethanol. Among the extracts of these two varieties, the 5% ethanol extracts of uRo and uRc showed the highest
contents of ellagic acid, 16.56 and 17.27 mg/g, respectively. The specificity was satisfied with retention time and
photo-diode amay (PDA) spectrum by analysis of ellagic acid using HPLC and comparison with a standard compound.
Ellagic acid was validated for its limit of detection (LOD), limit of quantitation (LOQ), precision, and accuracy.
It showed a high linearity in the calibration curve, with a coefficient of determination (R’) of 0.9999, and the
LOD and LOQ values were 0.25 and 0.77 png/mL, respectively. The results showed that R. occidentalis and R.
chingii can be used simultaneously as healthy functional ingredients and natural medicines.
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A $HET S48 A8 A1EsEER e 20051 <l
5 138 ¥53) 559 EFHEA $42ES S48
SR AR S et ASAdEH e AAEA S B4 5t
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of FEIGT. AHe T FETHE 95% AR Tl L
502 G BT o] Zel A T ete] ALgteATh
FEEL et P33 F557|(Bihi rotavapor
R-220, Gschwader strasse, Flawil, Switzerland) = 55C, 50
mbar ZANA dEEeln, 2 25 241 X8
w23} Sisint AlzE S BEsto] 4Tl W B
sl Fm Al AHgahelck
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Ellagic acid(Sigma-Aldrich Chemical Co., St. Louis, MO,
USA)9] #FFY(stock solution)S dimethyl sulfoxide
(DMSO)°ll €3A171 T 1,000 pg/mLe] F=7} B =5 xﬂz
& thZ ©]& 50% MeOH=E 3]A13to] 05, 1, 5, 10, & 25
pgmlL =7 ¥ =5 A 23 £ 0.45 pm PVDF membrane
filter(Millipore, Milford, MA, USA)Z o] 2}3+ & Al-8-3}9]
t}. Ellagic acid g2 B5-899] IAZufE oA 42
0] FEE WAL ol §alel AP REAFHORY

HPLC &4
n)&yh B2 3559 ellagic acid ¥4 %712 Table
13} 't} HPLCE 1525 Binary pump, column oven % 2998

photodiode array detector(Waters HPLC system, Millford,
MA, USA)E A3l HlolH 3 2 A2lS 93
Empower3 software program(Waters Corporation, Milford,
MA, USA)S ARSIt 248 ZAS  Agilent
EclipsXDB-C;s column(4.6x250 mm, 5 um, Agilent, Santa
Clara, CA, USA)< A3 o, o] 54 &1 A= 1%
formic acid”} $H¥ waterE, €7 B 100% acetonitrileS
AH8-8ke] 0.5 mL/min®] %SP-E 22y At uve
254 nm 3P M S, A8 FUFE 20 pL= 53
.

24| &7
A|EJ T HPLC A4 A5 ook & A3
BEjdo]de] ek 7ho]l =81(13,14)2 <A3 g
2124 (linearity), 7 €4 (accuracy), %24
(precision) 5= G383l o, A HSOZHE Ao
A Ao 71€719 FFHAE o] &3l 4
9 AZFAALOQE Fstitt &2 AS5S 77t
TASE ARGR TEFEE)E AAISAT
ol HZFL ellagic acid T8N} A|589-E HPLC
A% & F=2rtE S v w5l ellagic acid peak®]
g 2 HEE AZFS Feldiem photo diode
array(PDA) spectrum= 5793k 5 3t spectrumS LE}

;lg 7-I£

(specificity),

Jlm

M

=2 gelsksich
244, &3 2 % e (linearity, LOD and LOQ)

£ dAF o2 8143 ellagic acid F8-S HPLCE ¥
Aeto] 33] whE Z7g5k%] o™ peak A H] ol gl F k=]
o S Yehlle B0 341E 2Hsiseh AEd
PEFAE FEedo] ARnEINS o]ﬁ—s}oq Aoz

Table 1. Extraction yields of uRo and uRc under different conditions involving different temperatures (75-100°C) and solvents (aqueous,
5% (v/v) aqueous ethanol, 30% (v/v) aqueous ethanol, and 70%, (v/v) aqueous ethanol)

Dry matter (%)

Name of the extract Water extract

5% EIOI-E extract

30% EtOH extract 70% EtOH extract

100C 90T 0C

Sample 1 16,50 2146 2031

& Sample 2 17.10 20.50 2133

Sample 3 1691 248 21.05
Mean£SD 16.84+0.307 20.440.61™ 21.48+099™ 20.90+0.52"

Sample 4 18.84 229 19.78

Sample 5 1641 230 224

uke Sample 6 17.68 2171 2093
Mean+SD 17.64£121" 19,540,735 2212033 20.98+1.23™S

Ro Sample 7 42 7.14 727

uRo; unripe Rubus occidentalis L, uRc, untipe Rubus chingii Hu, Ro, tipe Rubus occidentalis L.

Data are presented as the mean*SD.

IThe data were stat1st1ca11y evaluated using one-way analysis of variance (ANOVA) followed by Dunnett’s Multiple Comparison test to compare significant differences between

the groups at “*p>0.05 (NS=not significant), p<005 p<0.01, and ““p<0.001.
Statistically significant from the wRO groups at "p>0.05.
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LOD=3.3xstandard deviation of the response/slope of the
calibration curve

LOQ=10xstandard deviation of the response/slope of the
calibration curve
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BEAle] nlgz AdEe] 71249 7l AR S A8 =
W AulF &3 B-E A unripe Rubus occidentalis, uRo)$};
Z= A v|&2} 5-FANunripe Rubus chingii, uRc)<]
Az g HAo] Fejd 54 Dokt 23 uRo 5L
1t 86.33+0.01 mg/7ll, uRe 5 1t 84.53+0.01 mg/7H
o W9Z F Fe FAl= o4 Aol7t gl thdata
not shown). Fig. 194 B A¥} o] ZAZE uRo%} uRce]
P Aol FEo] olHE FEE AR, Ux
el A AR g oaf At 2SS He Ae & F
ANk 2y I A E EEAE 5E 7] Azt
Feoz AghE 7] ARt ARl 64 204 A F g

SAFAS RS A 2257 A5E (2018)

BEAE A2 5 FAsH) %) BRA} pio] she
AER o] WA e NS fork. w3k B 77
= 12631004 mg/l 2 71t 1 |<hA 0] Ao R
wae] A7)} v%T BEAG va) o 2 AL L 5
UATE Lee 5(15)] Aol w2 A} FARQD AHE
7\ (Rubus idacus)®] Z+5- 700-1,700 mg/7) & ¥ Aol A
AHgE BEARD AR R 2 AS L S glo], B
o] A wet fARE] AbE7) e Fo] R Ve
Ao Aagth o|8g Ao AxE BEALe] 8
71¢F FejAQl SA o2 nsHe 7S AT ¢ US
Ao g Attt FE80 8 FEREE g vt
Z74 uRo%t uRe B =] A gk}
Rubus occidentalis, Ro)S FZ3to] 53
Table 17} 2t} RE W& A 332582

Zol Mgt 5% FEFEC] FYHCER =X
(p<0.001), T8 Fxol W& 43 A3 AT} uRos}t
uRe H] FETFES BE FEEA 94 Abe)7t glo]
(>0.05) H]$=3t ol i) 23U Rl & S 5

= L
M FE2¢ ARz Ao dE il o FETEc]

0| S2A FE29 HMXIE, ogt2 Y ellagic

%3 BEaje] 9 dee £ ellagic acid
Stk Table 22| Z71ol|A4 Hlw 218 A3} Table 33
2t} gl Al v 522 R 5% T FEE0
16.56 mg/g, == A& v HEAuRYS 5% T4
FEE°] 1727 mg/gl 2 77 foldoz TPt 2
ellagic acid &= YERNATE uRoS] 74§ 13+ th&
F7tol A FAg 37FA] FiEAle] AzfoA BF fARGH
AYRE B F e, 54 uRee] B2 fASH
MZ OE ZoA FYg n&ET EEA A BT fARSE

Fig. 1. Photo of dried black raspberries.

A, unripe Rubus occidentalis L.; B, unripe Rubus chingii Hu, C, middle-ripe Rubus occidentalis L..
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Table 2. Analytical condition of HPLC for analysis of ellagic acid

Parameters Condition
HPLC model Waters 1500-series
Column Agilent Eclips XDB-Cys (4.6x150 mm, 5 jim)
Detector UV 254 nm
Flow rate 0.5 mL/min
Column temperature 40T
Injection volume 20 pL

Mobile phase A: 1% formic acid in water, B: Acetonitrile

Time (min) A (%) B (%)
0 %0 10
7 90 10
Gradient 28 45 55
32 30 70
35 90 10
40 90 10

7480 2 ellagic acid go] AEE At olghE Fof
w}e FEE ellaglc acid &F 5% T4 > G5 > 710%
T4 >30% 748 FEFE o2 YEgen, /by v
30% T4 FEE2 Tl Skl 247} 9.31 me/gt
901 mg/gl 2 FFEEHT 24 (p<0.001) &2 e
9] ellagic acid g&Fo] YePgTh EgF U4k =4k
U]’\E’Jr 2219 ellagic acid g 7 o8& sEH=E
A& 7t gtk Afol7} 9l Q?J. 6& ATt gt

1 -,._—7«} %59 ellagic acid ?E} & o] sAE AT
= ellagic acid g#e] AaslA 1 oAeHE T2t FoldS4
2 §o]H 02 ellagic acid f;_}%b] EoHH 21 ellagic acid
gk A7} A 02wl §- Sl S Bl e o)
£ 2A gva AlREh Chol S(7)S Tl AujE

19 mg/gl & Hustglon B AFAAET=
FTORE ol AF LA zto] F FE8uj o}
22709] Aol MBS b el 2ol Aoz
AR E ey BEAEG n)s A o] Bkt A
oF 7907} =7 ellagic acid’} A& AL & A2z}
FARI AL & 4 ok ey 71 ellagic acid3Hde] =<
5% 7% —‘zr% 2 RlskA] &3t7] Wil & AFelAE
2A ellagic acid’} 7V Wel & 4
A= 5% ?‘Zé‘ir% 2715 dysiavk=d 2 9v7k g
3 geE 3, -2 Hsﬂ?ﬂ:ﬁoﬂ}\i 5% TR o2 &
uRAs 22 G99 0 b AelRel Be AT}
5% FFEEANA 7154 48R ellagic acid’} 7 Eo|
FEHV] Witolgls A 58 F g o= Amd
G wed vl%a HEAR Helon Asle e
48 A5 5% T 7= ol 7Y Adsivta 2% st
o nE 524 5% THFEES] AR T ZA] ellagic
acidE A7 8t7] 938l 7129 ellagic acid®] +AH-S v
I 5322 5% FHFEEC 487w Elska Al
AZstd 1 235 ZFEAHoR &8st oFd

I} BEAL G FEECA 850 mefg, 5% T8 T
6.
O

50|y
EolAd A1ES B3l ellagic acid T8 Alg -89
A=ntE IS v wste o %@3’4-"4 A glo] 5%
2] pealor} FelHEA 215
n&at 524 5% 574 %%% H]Eﬂf?} 23}, F 165%
ol A ellagic acid peak’} &<

A@&Ao A Th2 peake} 7H glo] &3] RelEe 2l
g Uk g 289 "l 2-89°] PDA spectrum
= 5U HES Uehfo] E A e Sl el
T A THFig. 2).

Table 3. The ellagic acid content of black raspberry extracts as affected by ethanol concentration

Ellagic acid (mg/g)

Name of the extract

water 5% EtOH 30% EtOH 70% EtOH

Sample 1 12.40+0.217 16.56:0.19™ 9.31£0.21" 10.03+0.66™

" Sample 2 11.4410.12 15.57+0.58™ 10.51 0.63* 11.67 0.52%
Sample 3 12.010.18 152441020 10.02+1.40" 11.96:0.18"S

Mean+SD 11.95+048 15.79+0.68™ 9.95+0.60" 11.22+1.04%S

Sample 4 11.35£0.24 16.77£0.48™ 9.0120.77* 11.1320.38"S

. Sample 5 9.78+0.57 17271027 9.4240,09™ 11.05+0.14™
Sample 6 1207042 1648£0.16™ 9.87+0.45" 10.98:0.28"

MeanSD 11.07£1.17 16.8410.40™ 9.4310.43% 11.05+0.08"S

Ro Sample 7 0.5420.02 09120.01™ 0.67£0.05™ 1.03£0,07™

1’ul\’o; unripe Rubus occidentalis L.; uRc, unripe Rubus chingii Hu, Ro, ripe Rubus occidentalis L.

Data are presented as the meantSD.

IThe dat were statistically evaluated using one-way analysis of variance (ANOVA) followed by Dunnett’s Multiple Comparison test to compare significant differences between

the groups at *p<0.05, “#p<0.01 and

¥ p<0.001. PStatistically significant from the water extract group.
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Fig. 2. HPLC chromatogram and PDA spectrum of (A) Blank, (B) ellagic acid standard, (C) 5-uRo extract, and (D) 5-uRc extract at

254 nm by a photodiode array detector.
MM, HAESA X MTSHA
EFF ellagic acidE 05, 1, 5, 10, & 25 pgmle] =

WA o E SN e F HPLCE £4 o}&l EEAEA é 2t
d et thFig. 3). A @S AHATR)E 099922 =
< S BEon, &= 025 ngml, A FeHAl =
0.77 pgimLo| At} o] Aate Al gl A8 73+ A&
= 025 ngmlL o2 AEo| 7hsska, A ?‘174]%0
ng/mL FE7HA] B F de HA s=2E 9y

=

3

&3

AFAEe] sl AldEdg At S s
E22 5% FAFEER 247 Uro] ZAISke] HPLC ¥4
o &) 3]4EE %S 2olsth Table 40 Vet ule}
72o] ellagic acid?] 3|82 A 97.54-101.01%, 5=
Ah2- 98.16-99.25% H 19| 3l&= EATh Kim 5(12)2
ellag1c acid EAHPH A=A 89.17-97.92% 2] 3|FeS

©1, Chae 5(8) 89.08-100.22%2] 3|F&S Ao
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Fig. 3. Calibration curve of ellagic acid standard.

Table 4. Intra- and inter-day precision and accuracy data of the
HPLC method for the determination of ellagic acid in black
raspberry extracts

Concentration Intra-da; Inter-day Recovery
(1g/mL) (RSD%)" (RSD%) (%)

5 0.54 3.15 99.37+0.86”
5-uR? 10 130 295 97.541.15

15 0.85 223 101.01£0.17

5 221 2.58 99254151
5-uR 10 1.69 2.79 98.71+0.50

15 048 157 98.16£1.10

DRelative standard deviation.

)
'Dried 5% ethanol extract of uRo.
IDried 5% ethanol extract of uRc.

“Each value represents the meantSD (n=3).

)

B A fAE ARE By

Hud
A EE Yehl= 22 Fd3 sfhuel Alseh
] ofg] ¥ Wk 2 Hsto] el el wek S 5le
ZrZ

o Zzke] S ghE Atele] 2314dE ISk, Table 49}
o] intra-day 9} inter-day = o] A EFHAHRSD) S
S5ttt Intra-day A A 9] AU EE JUlL S

0.48-221%°1%1 2.1, inter-day¥-2J oA o] AUEE =
bt oAb njgy BEA 59 FHFEEC] 74
2.23-3.15%%F 1.57-2.79%°] 1t}
ol’de]l EAAI, oA fEH 1 AdH oz 2.9
oF A2 7P ol AMRH 1 e F A F9 vls
BEA FE2ES Ve 9852 83y e it
qHo] eSS A5, 848 HS
% HPLC 45 B3l 5% T8 FZEE°| 7P =2 ellagic
acid®] S Kol FEWHE Y, vl & n&3

Ao dfrlo] Qe U2 ARER 22 Yo 5%
FRFEEANA Bol FEHEA tg F7H A= 2.
g Aoz gorsu} & AAZE Ul AufE uRost
Z3 AEQ] uRe 1E T BE219] ellagic acid 35 2]
7F ALl glo] ellagic acidE A EAJEC 2 A4 3 79
T s T8l AR e 2AE ERIEE R ofn]

S & T s ERAA N AE

N
%0
£
>
P
i
o
K

-
, °|= ellagic acidE& &3kl 3

A
=3
Q o
2 AFolAM s vs BEA F2E9 A7 AF
7164 95 M st AR ES ellagic acid= A%

st9lon, HPLC ¥4 9] 84S A3t T3
AuE v)<at BRI R occidentalis?t 5= Au)E wlss
2 5521 R chingii®] ellagic acid 3 2to] 9} Al
A4S Bl 959 dodiA 2 &8 7S #8118k
th. =89 ellagic acid 3= £ A3, 5% 7%
FEEo] I F=Atel A 22} 16.56 mg/gdt 17.27
mg/gl 2 7P EA Jehsen T F1te] ek xfolrt
e gRlslaitt 3F & F T3] YA vu A7E
3l A2 E2Q ellagic acid T FAMI T 2ol
el AelgA fAA R S AS A 2eE
o2 AlgdHth
EgH 2 Aqelag]
4 2 gL Els)
A A2V} spectrume] W& HE2) 5% FHFE ]
slo] B0l S g9l stk AFAl R*S 099922 3=
2 AAE 1o, A& 025 ugml, B FeHA =
0.77 ng/mLITh. 3582 97.54-101.01%2] M & gk,
AU A 2t A7HEA oA A BEA A= Ffjqte] 247}
0.54-1.30%°F 2.23-3.15%, Z=4te] 2H7} 0.48-2.21%<F
1.57-279% = Uttt webA] 2 A3E Bote] 7189 &
Aol AAE ellagic acid FA¥ o] v|&a} B84} 5% F+
AFEENAM ARYE &

A= AHTEAL, D75 F 71578 LREA ellagic

S o of
-
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