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Comparison of Chemical Properties and Phenolic Compound for
Ethanol Extract of Blueberry, Bokbunja and Mulberry
and their Pomaces

Kang, Da-Rae - Chung, Yi-Hyung - Shim, Kwan-Seob - Shin, Dae-Keun

In this study, the chemical properties and phenolic compound of blueberry,
bokbunja and mulberry and their pomace were determined to develop them as
functional food materials. Water content of individual whole berry was ranged
from 84.25-86.20%, and water content was significantly high in whole berries
rather than their pomace (p<0.01). Additionally, each berry and its pomace’s pH
was 3.32-5.18. Among them, whole mulberry showed the highest pH which is 5.18
(p<0.01). Total polyphenol and flavonoid contents were the greatest in blueberry
pomace and they were 24.81 mg/g and 2.13 mg/g, respectively (p<0.01). However,
mulberry pomace generated the greatest anthocyanin content compared to others (p
<0.01). In phenolic compound profiles, cyanin chloride was detected in mulberry
and bokbunja. Epigallocatechin, gallocatechin and isorhamnetin were found only in
blueberry. Catechin (hydrate) and epicatechin were greater in pomaces than whole
berries except blueberry (p<0.01), otherwise, significantly great rutin (trihydrate)
and quercetin contents were found in whole berries as compared to their pomace
except blueberry (p<0.01). Gallic acid was significantly greatest in mulberry (p<
0.01) and quercetin 3-D-galactoside was significantly greatest in blueberry (p<
0.01). Apigenin and luteolin were traced in mulberry, and mulberry pomace
showed greater apigenin and luteolin contents than whole mulberry (p<0.01).
Naringenin was greater in pomaces than whole berries (p <0.01). As a result, it
was found that all berry extracts used in this study were able to be applied as
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functional food materials and their pomace contained high phenolic compound
enough to be a good source of phytochemical for nutraceutical use.
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I. M =

HZ ATstE AFHo = 8 FUie Ad8aA dE, o
223} Ay o] =riSamak et al., 2009). wEkA A 2Hr
A g e AL F AL W dAY AtsE A g #alo] SUkskal dTH(Hogan et
al., 2010; Konic Ristic et al,, 2011). A3} A= T 25, k=AM 53 22
go|EANZ AiES TATOR stE Fall A Ae 2 oF T A o
Wels a3yt gon, E3] go|EAnZS Hgdd o £3E o] Ak(Heinrich et al.,
2011). A7l Fol7 A&l Ho|EANZES b st e g vt E=3 EF5h]
2ol EgA AHEF SHE AL 5 Aoy Ao|EA WL FFE vele TR/ g
23 gl A E I ko] hefsl A 4 ATHWang et al., 2009). £l 2l (Vaccinium
spp.), Tl(Morus bombycis koidz)2} E-E-AHRubus coreanus)= 54 &3] Aul= 1L
J= WElZ2 AMAE FAsHA = A E3}3HE A (phytochemicals) &2 o2 X3Hslal
Row, tlso] gt =3 Fol A4S st AHAENA B #AES Tl ATKSong,

2004).
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Kang 5(2006)> 2t F2= % 2t =+ ol cyaniding-3-O-b-D-glucopyranoside
A&

(C3G)E &85t in vitro$} in vivo AP 2H9] cyanin &0l AlX U AHEE 288

Bl mhe-2o HAAME AAGdTa ATt T So], AR AAE =EFF Kaewkaen 5
(20122 24 AH7F 7o Hxe HEo] U Fs e STMIFHLEA 530
2 dfupe Akt 2EHAE FAAA 719Y e =8-S FUAL ST o] 2=
EFHY, et ¥ BEEZAE x3 wgle FEA oI H FetR o=V} &F9k(Seeram et
al., 2006), < (Park et al., 2006), &4FsHKu and Mun, 2008), 3= (Martineau et al., 2006),
ZE 2~HE 741 (Choi et al., 2013), ol}Z A 2x(Shin et al., 2002), A D4kt A] L =24
TR AA(Kim et al, 2013)9} 22 T AESH EA4 o dig AR 17F A
NAE TreFetA &= Aot

Hlgle 17 52733k #Ado] 2 ARALEdA w9 wig Al Ao} FEFF
o] il Kol ufg At Aol Fe FATE Ut wepa AHREo 2 o] &3l7]
BARAADA Fe7t ;RO 2 58, &, AXF, A, A, W g ofo]~a g 2 A F

HA7vele WHoZ O E848 ol th(uan et al, 2012). 2, 7HEFEEL UFE
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e WEelM FFE FESHAL AFs] oS5 glor, FRE el sl EAPIZ A
Fol EHEE $H)Ho] YLAE BTHL FF 52 AF oF HAE e BuE
e Ao A3 BT YA TIn Yt AGolth =W iR FE AGE 2
Z28vl 5o Aolo] g3t WP Fol EAFE AE YR FFHE BUG AFEL
Mol gtk Wb, FF F& AF olF WAL Wy PAEES AREY P2
BASIA B ATE B, o0 B BEAje) BAE] BESE dE YR Fe
Zgste] 1§ HASY FF} mwsgh olF B FUEL NS A0 24
B 2SI EnAEe B8 F5HS AL, G v FATE] 1% AR
A D s HEANE 59 A% AR o188 W 71 HolE g +

B AT o] &8 2Y(5Y, 5 kg), =T, 5 kg)ot HEA9Y, 5 kgT HAgEE
LRl AL -‘?’]i]fi} oA FAsIAT oF 25 kgo] 24, EFHE e BEAE 7Y
A% oF 2ol AA FZHZAZX(TFD Series, Ilshinbiobase Co. Ltd., Yangju, Korea)d}3 0.1 ©]
< oF 1o Ax F&3kBlender, Ya Hong Electronic Co., Guangdong, China)3}$ Ttk U %]
Aute]l v, EFu g9} R A= 2EF7|(Hurom HE Series, Hurom Group Co., Gimhae,
Kyeongnam, Korea) 5 53to] 5o 2 4 U i FEs AAGRLH o]F F7

¥

o Bolol BAAZ % LUHD g B4 A7 FE

L4, EFdget BE&A 1ga ol FAEEY FEEF
FA ZpolE o] &ste] AL O ol %E UEAT A7+ #&3 FARE g
pHE oA AMZS 747 10 g¥ S ohe 33 275 90 mLE HUbelay 1831 #23)
(T-10 basic, Ika Ltd., Seoul, Korea) ©]% o3} 3t} zHzte] o3 2552 pH 442 pH
407 100 ®F 5o 2 HAHI pH 54 7](Eutech pH 700, Eutech Instruments Pte. Ltd.,
Queenstown, Singapore)E &85t SAsRoH, SAHI kS 27| REEZhol| gk H+
#e g2 YepfA
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3. &£ ZfdlE, £ ZTlRkolt B E rEAON SEF =4
ZEdE, STt o= tEAOM S SA ] S5ty EdstE AS 7 10 g2
< 100% oﬂ%—% 90 mLe} A AT Fol 4T oA 24412 F<F 200 rpm (VS-8480SR.

k=2
Vision Scientific Co., Daejeon, Korea) &2 FZF T of3}sla] B2 of o]&3}Th
1) Eg¥= T2 Anesini 5(2008)2] A&
mLell 1.0 mL®] Folin-Ciocalteu Al°F-& H71et th3 £33 H oF 383 A=A 9h-3-
N AT ©]% 0.3 mL sodium carbonateS 3 7}eta EFAIA ALo) A 9087F WX|F
At 9023te] WAZF EUH 2 mLe| 33 SRTE HUbekal E3 FH 725 nmol| A
&% = (Multiskan Go, Thermo Fisher Scientific Inc., MA, USA)
A A= gallic acid (mg/g) (Sigma-Aldrich, MO, USA)E 24
stod kg 4FESith
2) EgfH ot e 025 mLe| Al FEE°| 10 mM Tris HCI (pH 7.0) 1 mL9} 5%
sodium nitrite 75 pLE 3 o AollA] 623F }%L}‘I‘E]-(Juan and Chou, 2010).
°]% 10% aluminum chloride 150 pLE Z7}3F T2 204 5E 9-3AZAL 1 M
sodium hydroxide 500 uLe} 275 pLe] 32k S/FTE Y2 Us 510 nmolA FFEE
SAHsAT. 7 AR WE EFZE o= S quercertin (mg/g) (Sigma-Aldrich,
MO, USA)E ZFA|FO 2 ALkE3stE T
3) EEAOMA ks SA317] 38ke] Sung¥ Choi (2014)] HH-& M5t A3t
o} ZAe] e BZAIR 0.1 g} 10 mLY &L : 3% S/ :HCl (85:13:2, v:v
I 15C oA 24412 5k 220 ipme] 52 EEH FE39 o) F
F}3kaL 535 nmoll A FFEE S5 T FEA oM S 93
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QFEAIOIA & (ug/mL) = [§F% 535 x FFE(mL)]/ A E(g) x [1/65.1]
(Absorption Coefficient)

4. dl= AE BA 9 AF 24

AE9] HE AR T A ZZvlE T2 (HPLC/ESI-MS/MS, Agilent Technologies, Palo
Alto, USA)E o] &3t B4, HESIATE B4 25t 10 g9 AEE 100% o &2 90
mL3} S 15C oA 24 AIZE B<9F 150 ipm o2 & ¥ o slo] AFESIATE FH|E AR
o] B4S 93te] AlgE= 5 uL HPLCO FYJ3FA L €18 A (60 ecm’/10g, Zorbaxeclipse-
plus, AgilentTechnologies, CA, USA)< Fall A=) ol Al5of 7lal| A= -2 400
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psiolR o, §43 5= ZhZE 0.2 mL/mingt 30C T} o] 542 0.1% formic acid9}t
0.1% formic acid acetonitrile”} ARE-% 3L, AlZEo] Zdel w2t 0.1% formic acid acetonitrile
7} 5% (0-1 min), 5-100% (1-10 min), 100% (10-11 min), 100-5% (11-14 min), 5% (14-20 min)
2 FH7IES AAsad. HPLCE 288 A S< ESIMS/MSE 27} retention time
(RT)Z} mass spectra (MS)E 7122 7} A5 A& A AFH o= AT o]
) &85 TFAF O Z = apigenin (lot no. SLBG8924V), benzoic acid (lot no. MKBL6689V),
caffeic acid (lot no. MKBQ5343V), catechin (hydrate) (lot no. BCBK7891V), cyanin chloride
(lot no. BCBL3222V), epicatechin (lot no. SLBH5965V), epigallocatechin (lot no. SLBG2332V),
epigallocatechin gallate (lot no. SLBG6681V), gallic acid (lot no. SLBF8212V), gallocatechin
(lot no. SLBH7895V), isorhamnetin (lot no. BCBK2503V), isovanillic acid (lot no. 1419575V),
kaempferol (lot no. BCBM7287V), luteorin (lot no. 083M4090V), myricertin (lot no. BCBL4930V),
naringenin (lot no. BCBJ2179V), pelargonidin chloride (lot no. SLBF4330V), quercetin (lot no.
SLBD8415V), quercetin 3-D-galactoside (lot no. BCBH6299V), rosmarinic acid (lot no. SLBG-
3402V)2} rutin (trihydrate) (lot no. 1380505V)°] AR&EASH o] A|¢kd] gt EALF
(MW)3} retention time(RT)S Table 13 2Th &A% 25 1-1000 ng/mLe] ¥ 52 A
A AA] ZEEHACH, o] olgst 4 NEEY AEse AEE HUuH

Table 1. Phenolic compounds identified from the ESI-MS/MS fingerprint of whole
blueberry, mulberry and bokbunja and their pomace extract

Analyte Mw" RT? |ESI mode”| MS1 MS2 Frag? CEY
Apigenin 270.24 11.94 ES+ 270.9 152.9 120 35
Benzoic acid 122.12 11.84 ES- 121 77 60 10
Caffeic acid 180.16 9.91 ES- 179 135.1 110 10
Catechin (hydrate) 290.27 5.26 ES+ 290.9 138.9 100 15
Cyanin chloride 611.52 8.52 ES+ 610.9 287 120 25
Epicatechin 290.27 9.72 ES+ 290.9 138.9 90 10
Epigallocatechin 306.27 4.89 ES+ 306.9 138.9 50 10
Epigallocatechin gallate 458.37 9.82 ES+ 458.9 138.9 70 15
Gallic acid 170.12 3.91 ES- 169 125 90 10
Gallocatechin 306.27 8.09 ES+ 306.9 139 70 10
Isorhamnetin 316.26 12.27 ES+ 316.9 152.9 120 35
Isovanillic acid 168.16 10.08 ES- 167 107.9 90 15
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Analyte Mw" RT? |ESI mode”| MSI MS2 Frag" CEY
Kaempferol 268.23 12.16 ES+ 286.9 164.9 120 30
Luteorin 286.24 11.26 ES+ 286.8 134.9 70 35
Myricetin 318.24 10.58 ES+ 318.9 152.9 90 30
Naringenin 272.26 11.89 ES+ 272.9 153 100 25
Pelargonidin chloride 271.24 10.02 ES+ 270.9 121 120 40
Quercetin 302.24 11.52 ES+ 302.9 152.9 120 40
Quercetin 3-D-galactoside 464.38 10.08 ES+ 464.9 302.9 100 10
Rutin (trihydrate) 610.52 9.86 ES+ 611 302.8 120 15

"MW = Molecular Weight; 2 RT = Retention time; * ESI = Electrospray ionization; * Frag = Fragment;
) CE = Collision energy

5. A=A

2 AL 33 dHEo 2 Ang dor FAREAL SAS ZE I (version 6.12, Cary,
NC, USA, 1998)% AHg-31e] ANOVA £4931 % ©] % Duncan’s multiple range test® AR
ARBIAoH, AFFE 95% (p <0.05)0lA B3k

Table 29} 2t} A 7 3
2 54.8~77.06% A THp<
= 2 FETEFS YRRt
ol FAHEY *M % }%ﬂi %L st 2E AA T ALY F AHE B FY A
B/l EE A7) wf o] tH(Threlfall et al., 2005). =3 ¥ FE3I}F F QY& Ercislid}
Orhan (2007)2] 2321 71.5-74.6%K Tt ==t o= & 2}
Fo ¥ Z& FAF AIF 28 oY AA Y el we yeRd oldl Ao g
Hh(Fazaeli et al., 2012). Al TF 5 AL} F4HEIY FEAF Aol EFH R
© et} BEEA A E3kon oejd £ F7 3 z
A wofe] wE 27 Zolo 2Jd Ao AkHTt E3| BFu|gloA ] FEI
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ot 2F7)8 o BRugRThs o BEAY HFo] noh AeHOoR WYL
olmlgit. mebd HAbEe] SRS 257 o) dvh EEH R 455t £5
A7k Sede] FujA Aolel wet gebd S glvkm @ 5 ek,

Table 2. Water content and pH of whole blueberry, mulberry, bokbunja and their pomace,
and absorbance for total polyphenol, total flavonoid and anthocyanin of whole
blueberry, mulberry, bokbunja and their pomace

Blueberry Mulberry Bokbunja
(Vaccinicum spp.) |(Morus bombycis koidz)| (Rubus coreanus)

100% Methanol 100% Methanol 100% Methanol | SEM" | P-value

Whole | Blueberry | Whole Mulberry | Whole | Bokbunja
blueberry | pomace | mulberry | pomace | bokbunja | pomace

Moisture (%) 86.20° | 77.06° 84.29° 63.59% | 8425 | 548° 235 | 0.01
pH 3.32" 3.65° 4.03° 5.18 3.71¢ 3.94° | 0.14 | 0.01
Polyphenol (mg/g) 4.60 24.81° 7.91° 14.01° 10.81¢ 1531° | 1.10 | 0.01
Flavonoid (mg/g) 454" | 2413 7.66° 13.22° 10614 | 14.76* | 092 | 0.01

Anthocyanin (ug/g) | 11.30° | 49.91° 10.17¢ 5327° | 343 29.46° | 2.85 | 0.01

" SEM = standard error of the mean
e dMean values within a row followed by different letters indicate significant difference (p<0.05).

Al E7e A9 1 FAHEE9 pHE 3.32-5.18%2 Z@Q“ﬂ(Table 2). }Y7 A=
o] pHE QU9 1 FAEAA M w4 vetston BEAL B8 SAZ FAp wot
HTHp <0.01). 2018} 1 AHE29] pHE 4037} 5.18E Park ?(2013)91 A7Aze}l v$- £
AFeFATE. Ercislizh Orhan (2007)9] AAellA= 3 9] 2t] pHE 435t om 1 A3 pH
£ 352-5608 LU= 1 EFWEE pHolA xFol7h YA o) o] Fx Ao, My
ol-g, Ak, 4 G 2 FEEH wet dE2oe 2E YEde ZloE Addd
(Park et al., 2013). EFH = Gunduz 5201591438 pH 2.9-3.9 el AR o BB
ZF2] pHE Lee (2013)9] AFolA AFE B pH 3.3 T =4 e 249 A
TR Wge ¥ 5 FdAE pHF ooz Bde ge Y, 2 AAT L
BAER ASETE A o® 22 pH S UEE Ao ® ZAETHp <0.05).

o

ﬂi'l
o

2. % U9, F FdtR kol B F dEA o

5 Ao F ZgvE FFS BEEAT 1081 mg/eglE 7 =3(p <0.01) 2T}
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EFME7F 22 791 mg/g, 4.60 mg/gO 2 27 02 YQITHp<0.01) (Table 1). F4HE 5
M e EFug F4bEe ZE|dE Tl 2481 mg/gl 2 7 =3kor ol F Y
A ZA49 ART 1.4-58 Ech Butkhupﬂr Samappito (2011)2] o] W= HgEs F
=8 s wet Aot FA-AFo F Zelds FEFS SHEAS uf AotlA A
=5 ZYss ol AAH A5 ARG 24 SAHATI STt ol A= of
= F Y4 20%H =5 AA s FAHE(E AT A shell ] ZEsEe] FiE ol
on, FhkEoE ol AEEC] 55 Uthe AS Yn|3th(Lee and Wrolstad, 2004).
¢ s H AR AEFS UET T AL O e &
S B2 BAEoA 2413 mg/elE 7P Etom B oA 7.66
mg/gl. 2 71 Gyt 53] 59 vl o] & EFvEE 5 Ay FAEe] ZEHE
4= 102 ZAME o] ERug o] SR o= A Aot
= 2lth. wEbA, Kitchen (2013)2 E2-Fulg]2kelo] oF 24
Aotz A HE/AAEE BAZ BFuY F2RO F AHE 3

o A %_%71] ‘4’5}‘&‘43’_ ﬂ?iu‘r.

EFH g obe 2 #59] HlEo] FUFoR e ore BEEat W“ I HYgy 7
AHE o] EeHEe) *‘E]'E‘—T—O]E SrFol A oF 1528 A= ztel7} AT EFHE = F
5 Qo] 22 A oto] HAJE Bl B 9 ee Bluwd & MI%OI Sk #5
I AHAZ WA= FE o|thRemverg et al., 2006). WetA], I45F71E &85t HJFS A
Ao 2 RAES AT A dH R A3 @agt Aoto] axAo g QhztE A
of Aot Yol FfrH FethiolE9} ZEjEo] A840RE F =
At 5 AP FYdlEd SR o EdHe FAHES] ARt U 549 AN 2
EEA A 9] QFEAoPd 3FH(34.3 ug/p)S FAFE S| FEAOP 3HEK(29.46 ug/g)Rth &
HdolA =4 vEtst EFdlger eHo] tEACRT RS Z42F 11.30 ug/gt 10.17
ug/g o2 A S YERIITh BEAE A9 T Hd BikEe] EAold 3
g of sl Apolrt e, BEA F HdF RAHEANAE oAl Apolrt ZARE A THp<
0.01). ¥ Ao =¥ E&AS] FEAop s AlQjtile FAMES E8dE, &
Hiol= " ¢tEAopd ke & sdun) 24 Yehgon wetd F2 A ARELS
FEHT= A Aotol| F EATdThE AL rFoKLi et al, 2013).
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3. 90% Al 34 2 AY B4

Al 79 AL T FAEA SAHE s 7Y AFRhS Table 3914 AT
ATh F 20714 FF dE YRS FFEAE AESYor EEEAE o] 83 A4
=

AA
=2 apigenin, benzoic acid, caffeic acid, catechin (hydrate), cyanin chloride, epicatechin,
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epigallocatechin, epigallocatechin gallate, gallic acid, gallocatechin, isorhamnetin, isovanillic acid,
luteolin, myricertin, naringenin, pelargonidin chloride, quercetin, quercetin 3-D-galactoside,
rosmarinic acid, rutin (trihydrate)©| Tt ©] 5 F Ly I FAHENA HAEd A58 E2 18
ZF0] At} Pelargonidin chloride, epigallocatechin galate®} caffeic acide= V] FoZ2 EA)3}H
THDonno et al., 2015). HEH 3= A& 5 epigallocatechin, gallocatechin®} isorhamnetin=
EFu g9} 1 FAFE oA TE 18] 31 pelargonidin chloride} luteoline 2. TJ 9} 1 F-4HE-of A
Tk Aol 7Fsst AT Apigenine 2T FAHEAN AT HEE Y H7Fo] rhedt e
e Aued EFdE FAEA & EFuEEY 24 SAEHN oY, BE & Zfolvt
A1 A2 oA} Myricertin EFH| oA FYHO 2 =4 SHEUS Y Moze 5

ATFAAE HEHA FRor o So] Moze 5(2011)8] Aol A] ZALE phenol
e B AgoA BAE geFHT Skt Anthocyanin A< cyanin chloride?} flavone
AL rutine HEAANA FH o2 EA YEFSTHp <0.05). Catechin?} epicatechin =
e A B A F HFYET =4 SA AT Catechin, epicatechin®} naringenin-
7} BAEAA SHE o]l T Aol RT3k cyanin chloride, quercetin
3-D-galactoside, rutin®} quercetin> EFH| 2] & A &g ot} BEA F HLoA HAER
o} =4 A=A tHLee and wrolstad, 2004; Donno et al., 2015).

Table 3. Phenolic compound quantification of whole blueberry, mulberry, bokbunja and
their pomace by LC/MS/MS

Blueberry Mulberry Bokbunja
(Vaccinicum spp.) |(Morus bombycis koidz)| (Rubus coreanus)

100% Methanol 100% Methanol 100% Methanol | SEM" | p-value

Whole |Blueberry| Whole Mulberry | Whole |Bokbunja
blueberry | pomace | mulberry | pomace | bokbunja | pomace

Anthocyanin (ng/g)

Cyanin chloride N.D.? N.D. 13.35 N.D. 14436 | N.D. | 3243 | 0.01

Flavane (ng/g)

Epigallocatechin 0.14 1.05 N.D. N.D. N.D. N.D. 0.44 | 0.51
Flavanol (ng/g)

Catechin (hydrate) 82.21° | 115.25" N.D. 2.61° 215.69° | 534.80° | 51.41 | 0.01
Epicatechin 17.43¢ 33.77° N.D. 0.57° 307.96° | 617.81° | 67.74 | 0.01
Gallocatechin 36.94 138.44 N.D. N.D. N.D. N.D. |3571 | 0.19

Flavanone (ng/g)

Naringenin N.D. 2.224 7.73° 17.79* N.D. 421° | 020 | 0.01
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Blueberry Mulberry Bokbunja
(Vaccinicum spp.) |(Morus bombycis koidz)| (Rubus coreanus)

100% Methanol 100% Methanol 100% Methanol | SEM" | p-value

Whole |Blueberry| Whole Mulberry | Whole |Bokbunja
blueberry | pomace | mulberry | pomace | bokbunja | pomace

Flavone (ng/g)
Apigenin N.D. N.D. N.D. 3.54 N.D. N.D 0.47 -

Luteolin N.D. N.D. 3.49 22.11° N.D. N.D. 422 | 0.01

Quercetin 3-D-galacto| 592.45" | 1238.18"| 144.53¢ 6.74° 67.26° 0.62° |126.58| 0.01

Rutin (trihydrate) 145.22° | 345.32° | 32136 2.54¢ 986.90° | 12.57° | 89.63 | 0.01
Flavonol (ng/g)

Isorhamnetin 4.11° 10.56° N.D. N.D. N.D. ND. | 151 | 0.01
Myricertin 9458 | 100.93* | N.D. 0.17° N.D. ND. | 17.85 | 0.02
Quercetin 19.13° | 104.80° | 22345 | 8290 | 132.59° | 16.71° | 19.46 | 0.01
Hydroxybenzoic acid

(ng/g)

Gallic acid 1.58b 1.96b | 25.42a 4.87b 328b | 899 | 243 | 0.01

D'SEM = standard error of the mean
IN.D. = not detected
a5 ¢ d\ean values within a row followed by different letters indicate significant difference (p<0.05).

O]ﬂfi}ﬁ EA4 3 «ﬂ]b“@rd'% o ﬂi}% H /248t i 3h
AR R ol og =4 U

ol7} 7} Zith pHe 2Uje} 2t] RAECA 747} 4,03, 5182 7H A UERTh F
Zedlsd EgtE o=y e EFHlE] FAFECA 24819 24.13 mg/gC ® VM &
tom, FEAopd 3aFd o] BAE A 5327 ug/gl 2 7H =34t} Cyanin chloride=
etel R AL AMTt ZH S O™, epigallocatechin, gallocatechin¥} isorhamnetinS £
Fal o ATt Z=AE AT Catechin (hydrate)¥} epicatechin®] 7d$-oll= EFHIEE A23H
et HEAe T AdF FabEelA o] Al 2pol7F YEkstoH, gallic acide= U
A, quercetin 3-D-galactoside™= &FH| 2|0l A & FP7} FAHEZL Fo &l xfol7F AU
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