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Chemical Composition, Functional Constituents, and Antioxidant
Activities of Berry Fruits Produced in Korea
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ABSTRACT Berry fruits are rich in phytochemicals, including polyphenols, anthocyanins, phenolic acids, and organic
acids, which are known to have beneficial effects on health. The aim of this study was to investigate chemical composi-
tion, functional constituents, and antioxidant activities of mulberry, black raspberry, raspberry, and blueberry cultivated
in Korea. Acidity of the four berries ranged from 0.26% to 1.10%, and pH ranged from 3.3 to 5.2. Total mineral
contents of the four berries ranged from 92.9 to 256.0 mg/100 g. Among the berries, mulberry contained the most
abundant total free sugars, and glucose and fructose were the major sugars in the berries. Mulberry contained more
than three times as much y-aminobutyric acid as the content of the other berries. Blueberry contained more free phenolic
acid than the other berries. Especially, chlorogenic acids were the major free phenolic acids in blueberry. Black raspberry
had the highest amount of polyphenols, anthocyanins, and flavonoids among the berries and showed the highest anti-

oxidant activity.
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Az S 48 D ko 2ol Ak Rubus & 8
HRRF F ANA0R Y FA EFS Ry

(raspberry, Rubus idaeus) 2 S 2}=w 2] (black rasp-

berry, Rubus occidentalis)©] ™ (8), ol A= =9
gtz 2] 7t B Eo] A= vk & Hﬂﬂ(b ueberry,
Vaccinium corymbosum) ZtYFUH&o &3t i
A AER FUelA 2 Fa7t S8k 2010 © %@%

Al A zzatel] 2w S-gubete] A A o] HiEat
Edgtzme)E T 28] o]l Ao BHAHYTHO).

W 2] F+= g4t &4S 71X phenolic compound”f
53] o] Ao 7|ofgtrtar el vt whebA] olof High
W7o 7lsA AT @] MgEa e, 79 AT
2% 6% wlElF9 phenolic compound$} &Y &% AT
©), Ay L oA g 25%F] H 2, 1714 phenolic
compound®] ¥41(10), 3% °]’¢9] Hlg]F %% antho-
cyanin¥} phenolic compound & % d2k3ls A7)
T Ay HE 2 ggs F358 AT sk e
Hl&) TUelE E2W o119} 2= EE v FEe U3
B7]5(8,12)9] s}8hA 243 7|sAAE W aks &4 A
T, 13 Sz get eve] ks £A4(13), Tulit
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Sz EFW Y polyphenol 2 A&/ vl
(14), = A3 S} et=wg]e] JSdE 2 gikst
A W7 2 gd HE FF, 52 9x F
= WE R ] A7 gl ofe] T HEFE T4
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Lo(L®), k=g, ehz=ue], &5 2 (o]
AlEFElE)E 20139 6~790] A Ak E a3 &
Al A T A YEdHE FYsAaL, -20°CY
Ws e Haste] Ad e ARE-sF¢lth. Total polyphenol,

phenolic compound, total anthocyanin, total flavonoid
9 ksl g B4 9g FE2F AlEE ve ol &
Aste] AbgsFATh FY ¢k 15 goll 5%(v/v) formic acid
(Kanto Chemical Co., Tokyo, Japan)E &3+ 50%(v/v)
methanol(Merck Chemicals, Darmstadt, Germany) &<}
(pH 1.73) 100 mLE ¥ #&7](Omni Macro Homogeni-
zer, Omni International, Kennesaw, GA, USA)E ©]&-3}
o] 3,000 rpme 2 10+ &< &4, wuksk 5 1A3F <t
40°Co] geFxolA Hgatn FZ3k3lh o 4] (Shark
Skin Paper, E&K Scientific Products, Santa Clara, CA,
USA)E o7}k & 31755 7](Genevac Evaporation EZ-2
MK2, Genevac Ltd., Ipswich, UK)Z 7}, 553 89S
STHTE o83t 50 mL= 3433, o] FE= NEE
Adtate] -20°Cel ¥ B § slsste] Aol A3
th Aol ALg¥ FHF4= PRIMA & UHQ-MKII Water
Purification(ELGA, Bucks, UK)& o] &-38to] G4 F AHg
st

pH 3 A=

e oF 10 g& TFF 100 mLel ¥ it w2 7](Omni
Macro Homogenizer)E °]-&3}o] 3,000 rpmo.2 557t
H e &9 o] F 20 mLE Ao AME-s3ith pH
+ pH meter(Orion 3 Star pH Portable, Thermo Scien-
tific Inc., Waltham, MA, USA)E o]&3to] S35} aL, AF
(%, w/w)E pH7} 8.27F ¥+ H 285+ 0.1 N sodium
hydroxide(Wako Pure Chemical Industries, Osaka, Ja—
pan)®] AHFS F-ko] AhEERlH
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50%(v/v) ethanol(Fisher Scientific Korea Ltd., Seoul,
Korea) 20 mLZ ¥ F&3% % 533+ 3,000 rpmell A €
Al &-2](Combi-514R, Hanil Science Industrial Co., In—-
cheon, Korea) 33t} 3t o &) 9]¢ 44 wh&Es}
o AFHE 50 mL FyE=Fo] GE&s ¢ 0.45 um
nylon filter(Chemco Scientific Co., Osaka, Japan)® ¢}
ko] HPLC 4o AH&-aF3lvh. HPLCE Agilent Tech-
nologies 1200 Series(Agilent Technologies, Santa Clara,
CA, USA)°l evaporative light scattering detector(Agi—
lent Technologies)E& “&&3lo] AF&3A . 40°ColA
carbohydrate Z-#(4.6x250 mm, 5 ym, Agilent Tech-
nologies)ell o] 54 &N 75% acetonitrile(Merck Chem-—
icals)S ¥4 1.0 mL F&2=2 2548 < #4318l 23
%< Dr. Ehrenstorfer(Augsburg, Germany)oll 4] AAHsl=
D(-)-fructose(99.5%), a-D(+)-glucose(99.5%), D(+)-
saccharose(99.5%)5 Twlate] AR&-3skgith

=

I 507 oS st A se A5 °F 1 g¥ ni-
tric acid(Wako Pure Chemical Industries) 10 mLE v}o]
AR el 2L PTFE vessel(OMNI/XP 1500, CEM Co.,
Matthews, NC, USA)ell €1 16417t 5 = x|k
ab] £33k & micro digestion system(MARS 5, CEM
Co)& o] &3ty thao] WA= #alatith 800 Wel &8
o 15% F<F 190°C7HA] &7 & 10+ fFXska 30+
T Aol o] 2 FGith Wale Al s s THSE 50 mL
By ZgkaFe] A83 F ICP-OES(Varian 730-ES,
Agilent Technologies)& ©]-&3}o] #4391, 774 &
2 9late] £ EFI(ICP multi-element standard
solution, Merck Chemicals)S AF&3F% Tt

y—Aminobutyric acid(GABA) &2F

GABA &2 ofn| =225 24 7] (Amino Acid Ana-
lyzer, 1.-8800, Hitachi, Tokyo, Japan)Z& o]-&3}o =4
AT, AL oF 40 g 3% trichloroacetic acid(TCA)
(Wako Pure Chemical Industries) €9} 100 mLe} &3%H3F
% #27](Omni Macro Homogenizer) 2 5% %<+ #4,
wtate] ArZEet ol & waL, 40°Col A 1417 &<t
259 FE3 oS 40°C g2 A A2 59F X"
F 3% TCA §do=2 200 mL7} H|=5 A&3sr)
aS 3,000 rpmeZ 587F 4 E 2] (Combi-514R) 3 &
0.45 pm nylon filter2 of¥}slo] EA &t =g
(PF1~4 MCI buffer, Mitsubishi Chemical Co., Tokyo,
Japan)¥ ¥ 3% (amino acid mixture standard solution,
Wako Pure Chemical Industries)< ullglo] AF&-313 T

-
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Total polyphenol &2f
Total polyphenol< Folin-Ciocalteu W (16)°l] wh&}
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S48t FEE A% &93 0.2 N Folin-Ciocalteu
(Sigma-Aldrich Co., St. Louis, MO, USA) &S uF-3-A]
71 & B33 A(UV/visible spectrophotometer, Agi-
lent Technologies)E ©]&3}¢] 765 nmolA 38 5
A8k a1, gallic acid(Sigma-Aldrich Co.)9] =¥ %+
2748 o]-&3te] polyphenol &3 AF=383ith

Phenolic compound®| HPLC £

FEE AN B g9 5] 9= phenolic compound
+ HPLC(Acquity UPLC H-Class, Waters, Milford, MA,
USA)E o] &3t A8kt o5 &4-2 1%(v/v) for-
mic acid 8N (pH 2.25)(A)Z} 100% methanol(B)< ©]
£3to] U5 22 7]e7] & 2He® 9 1.0 mL &
E2 ZHFU £7] 5% 5 A:B=955(v/v), B &Wl&
U 53 5ok 10%= S7HA17]1 L 53 fA], o 53 5t
20%% S 7FA1713L 5 A, U 5 &t 30%= 571
713 10% &<t 45%% S7F, v 102 &3F 60%= 571
5% A, thy 5% Bt 95% = F7IA7]AL 5% fA,
e 27 SR (A B=95:5(v/v) o2 24
b FEF el o]2A sto] F 751 STk
Q& 30°CE A8k Capcell Pak C18 Z#(4.6
mm><250 mm, 5 um, Shiseido, Tokyo, Japan)< AF&-3}31
AE9F-S 254, 320, 360, 520 nm}A ©.H, PDA scan
200~800 nm Lol A 4319t FFE2 LS proto-
catechuic acid(PCA), 4-hydroxybenzoic acid(4-HBA),
ferulic acid(FA), cinnamic acid(CNA), p—coumaric acid
(p—CA), caffeic acid(CA), chlorogenic acid(CGA), ella-
gic acid(EA), quercetin-3-rutinoside(Q,.), cyanidin—

fo K

3-glucoside(Cgy), cyanidin—3-rutinoside(C.)& Sigma-—
Aldrich Co.olA Y3te] ARSI MY %S
methanoldl] o] EFXFE NS RHEQIL, o] &H8 47
o) FE=E A 8X% F HPLCE #4138t} Phenolic
acid & PCA, 4-HBA, CNA, EAE 254 nm, FA, p-CA,
CA, CGAT 320 nm, Que= 360 nm, Cau®} Crw= 520 nm
o] AE Aol A UEd peak?] WAE o] &3l HFHS
ZAs & AlE F 7' phenolic compound?®] =& 4

st

Total anthocyanin EH2f

Total anthocyanin< pH differential method(17)°l] €]
st S Fglth FJAwsE sty FEE AR
& 1~2 mLE 50 mL 9] Zef2A0] ¥aL, pH 1.0 ¢
&} pH 4.5 ¢F8& Ao 747 mpr A3 3r) 304
ZoF AFLof Hkx| 3l & B335 A (Agilent Technologies)
£ ©o]&3te 520 nm® 700 nmel A FA3H AL, of# <]
2ol utebA anthocyanin & A4teRAH

Anthocyanin 3% (cyanidin-3-  AXMWXxDFx10’

gulcoside equivalents, mg/L) €

N

HT

7 kst &4 1297

A (As520 nm— A700 nm)pt 1.0~ (A520 nm — A700 nm)pH 4.5
MW: cyanidin-3-glucoside®] FA}#=449.2 g/mol
DF: 3|4, ef B3 715=26,900

Total flavonoid &tZ¥

Total flavonoid¥® 71747]5 21 %3 (18)d] uhelA
FEE ANE 92 10% aluminum nitrate(Wako Pure
Chemical Industries) @ 1 M potassium acetate(Wako
Pure Chemical Industries)9} ¥H-&-A1A 415 nmoll A 5%
=5 SAAY. 2 A1d-8dol tiste] 10% aluminum ni-
trate Al SHTE 92 FA1FE AP3F33L, querce-
tin(Sigma-Aldrich Co.)& ET8NO 2 sl 38 X+

[e)

A A total flavonoid &S T8+ T}

DPPH free radical scavenging activity &8

Haksl &S 2, 2-diphenyl-1-picrylhydrazyl(DPPH)
free radical scavenging activityE =4 3slo] B4 351t
(19). %% A& €92 DPPH(Sigma-Aldrich Co.)E
methanold] %] 0.1 mM %2 A3 9 3.9 mLS
Aol A e WA Z L AFE N A SHTE VA
0 AFEN FH7E Zo] Ay on, 30+ $ 517
nmell A FFEE SAsIAT ofgio Al s} DPPH
free radical scavenging activity(%)E T&tgdow, (+/
-)-6-hydroxy-2,5,7,8-tetramethylchromane-2-car-
boxylic acid(Trolox, Sigma-Aldrich Co.)5 EFE 42
A=A S #ZA38e] Trolox equivalent antioxidant ca-—
pacity(TEAC, mmol TEAC/100 g FW)& AF=3}3 o)

Free radical scavenging activity (%)=
(1_ Algdg&d H7tAe 3
Algdgl TRV FHE

)%100

ABTS free radical scavenging activity &H

2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid)(ABTS) free radical scavenging activity™= Re &
(20)°] WRiel 3k FA3h. 7 mM ABTS(Sigma-
Aldrich Co.) €93} 245 mM potassium persulfate
(Sigma-Aldrich Co.) &N& &3tate] Aol 16417t &=
Hbx] & &34 % gho] oF 0.7(£0.02)¢] ¥ == ethanol® 3]
Asto] Whg-gol o7 ALgatitt. FEE AR &3t v
| 3.6 mLE 133 W-EAIA 734 nmoll A 3 EE SA
R, AlEg Al SRFE A AlEg N FHT)
TE Ao SA43AT) olgle] 2o 2 ABTS free radical
scavenging activity(%)& 73+ L, Trolox(Sigma-Aldrich
ColE RT=4=E HAFAE Adste] TEAC(mmol TEAC/
100 g FW)& Ak&Esoich.

Free radical scavenging activity (%)=
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A Ao FA ) 2TEAE YERNL A, SPSS pro-
gram(SPSS version 20.0, IBM Co., Armonk, NY, USA)<
o]&3lo] one-way ANOVA A& & /X0.05 FFlA
Duncan®] thsa4 oz A48T 1] Fo4d& A543

A
©.1, phenolic compound®} 3+4t3} Al zle] ATRAS &
ol 7] $3] Pearson 4#EAE AATIY] FTAS(r,

correlation coefficient)& -3}l th.

Zut 2 nF

b

setd xd 2 J|sd 42

ol Al w2l 4F9] pHeb FAste® ke Ak s
Table 1o YelUIlch pHE BFwE] 7 3.26 22 7H vt
star, get=ug]of et=uel= Z2H7) 3,749} 3.72% W2
sgon, o7t 5172 7Hg Utk ol 219 pHrt
5.6(21), 2.1] 37 EE2] pH7l 5.36~5.48(22), Leat=
wWlg el F3E g=wgrt 27t pH 3.2~3.9(12)9F pH
3.43~3.95(8)th= Harek FARE Agint, At 5
B zue 7l 1.10%(w/w)2 7173 =3k, B3uel7) 0.82
%(w/iw), B=ME) 7 0.63%(w/wIFer, St 0.26%
(wW/w)= 7pg sok=d v 9] § A7} 0.25%((w/v) et
+ Ercisli®} Orhan(21)9] Bie= A X315 o AujE
9 opAE gr=u|E ] FAko] 1.41~2.52%(w/v) gk B
®)}= tha Aol 7t YA Ate = S 7FEste A%
e ouf Bbat Al 71ojstaL, S8 #fYFe] FAo 4
ok gukr o' Ax =T A2E 9= pHIE oF 35
olaL ZF AFE7F 0.6% ©13<l FFol viEA s, 2 4k

e A9 kg At AT AT YR 2 A=
A B Fakeby] e rRE3). webd 9kl Alzel] 3leiA
w2 of eh=mg] o] 79 pHeF A7} A g}sht o
Edg =g e AEE 2d4% a7t Q).
HPLC-ELSDE ©]-&3}9] fructose, glucose, sucroses
A3 Ay 2 E Al RolA fructosest glucose F 7HA] o
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Table 1. Chemical composition of berry fruits
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CEL

g5 AE5 A0}, Fructose?t glucose?d S WY
(Table 1) 2.t)7} 242} 6.73%(w/w)} 6.21%(w/w) = F2
Ao 7H #9kal(/X0.05), EF M7t 3.50%(w/w) et
3.11%(w/w), eF=wg 7} 3.26%(w/w)<} 3.21%(w/w), &
A= 7t 2.65%(w/w)et 2.15%(w/w)E Fo]H o=
STH(/X0.05). ©] A3} Mikulic-Petkovsek 5(10)9]
B3 fructose®} glucose ¥HaFo] EFw| 27 2+ 3.93%
(w/w)t 3.86%(w/w), 217} 3.99%(w/w)et 3.68%(w/
w), 2= 7} 2.59%(w/w)} 2.46%(w/w)ete Azte} o)
A zpol & Hith B3 Lee 5(22)2 1] 7l FFol T+
o] 9= fructose®t glucose”’} 2zt 2.6~7.0%%} 2.6~
74A%=E T ZpolE HRIvtaL Husgla, Edat=ug] 7} v
ZFo] rhamnoses TFYUrte K (24)eF EHe=u g <
gzulg) & ¥Ee a7l A v #Ee] sucrose”’t HE
HAATE Hi(12)5 & o F5 2 A o3 ol weat
Feldo] i 2po)E Heltkar & 4= k. 23y glucose
o} fructose”} eF EF9] HIE R FFEJUTE A= &
AR 71Ee] AFEo] YA FATHI0,22,24).
GABA= QIA W] 204 A== 2174 &4 ofv| =
o8X o R/ 55S FAAIL o)l 2§ 2 st
zdsto] gstel] a37) e A EdR 4o
tH25). WlE]§ 42 GABA 35 B (Table 1) 2t]7}
L2 2] (19.4 mg/100 g) Kt} 3u] o], BFm|2](7.9
mg/100 g)o} 2= 2](10.1 mg/100 g)H.th= 58] o] g2l
69.3 mg/100 g2 = WlZF T 2t7F GABA® &3k A
a7t % Ao VjgHr. #3838 s40x 2f9
GABA &eFe] 86.1~185.6 mg/100 g F°l&h+= Kim &
(1De] A& & w FFol wet GABA el zfo]7} gl
o2 F5 AAAR A7 ettty e
F714 ke B4 A3 Table 20 YeRASIT W& F
4ol ¥ YA ZHE, 2F, vtdlsel 1, %
7h A, 9] e v dE AT ZE o] el
ZaETt 3 o] =%, T 7714 e etz
7} 256.0 mg/100 g, 2.7} 233.9 mg/100 g, 2F=w g7}
166.1 mg/100 g, EFH &7} 92.9 mg/100 go & F2] %2l
zko]7h AATHIKO0.05). 71EY A5 ME 77149
Fo tha zbo|7t idloy #U1A Ao ZE, 2, v
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Mulberry Black raspberry Raspberry Blueberry
pH 5.17+0.06°"? 3.74+0.06° 3.7240.03" 3.26+0.08"
Acidity (%, w/w, as citric acid, FW?) 0.26+0.01° 1.10+0.11¢ 0.63+0.01" 0.82:0.10°
GABAY (mg/100 g FW) 69.3+0.2° 19.4+1.1° 10.1+1.1° 7.9+0.1°
Free sugars (%, w/w, FW) 12.93+0.26° 4.80+0.17" 6.47+0.15" 6.61+0.19°
Fructose (%, w/w, FW) 6.73+0.16 2.65+0.08" 3.26+0.03" 3.50+0.09°
Glucose (%, w/w, FW) 6.21£0.10° 2.15+0.09° 3.2140.14° 3.1120.10°

YValues 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.

FW: fresh weight.
YGABA: y-aminobutyric acid.



Table 2. Mineral contents in berry fruits
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(Unit: mg/100 g FW")

Mulberry Black raspberry Raspberry Blueberry

K 179.4+7.3%99 198.6+6.7¢ 106.3+1.7° 75443 .2°
Ca 36.1+8.6° 32.1+6.2° 38.849.4° 10.8+1.6°
Mg 17.140.4° 21.9+1.0° 20.040.5° 5.7+0.1°
Fe 0.840.0° 0.9£0.0° 0.440.0° 0.4+£0.1°
Cu 0.1+0.0" 0.2+0.0° 0.1£0.0° 0.1£0.0°
Mn 0.6+0.0" 2.340.1° 0.5+0.0° 0.6£0.1°
Total 233.948.3° 256.0+13.5¢ 166.18.2° 92.9+1.6

YFW: fresh weight.
YValues 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.

%2 £ ol Fiulo] sl Avhs ¥ 4 e
A&k vH(15,21,24).
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S
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oo

™
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=

ot

Polyphenol, anthocyanin, flavonoid Abst
2

2] 5 4% 9] total polyphenol, total anthocyanin, total
flavonoidg #4% A= Fig. 1o A|A8H3t} Total
polyphenol¥} total flavonoidE E#et=H 2o 27} 79
A0 R & 547.2 mg/100 g@ 94.6 mg/100 gol FHr¥ o]
ANIL(X0.05), 2]l 331.6 mg/100 gz} 55.1 mg/100
g, =5 el 298.2 mg/100 g3} 39.6 mg/100 go] -5
o] 9o, g=ulEd 198.2 mg/100 g3 5.0 mg/100
goz frejdew v s AATH#X0.05). Total
anthocyanin> S e=Hgl7l Fodor & 385.6
mg/100 go]3L(/X0.05), &FH 2+ 165.0 mg/100 g,
QUE 118.9 mg/100 g, BF=2H# & 19.8 mg/100 go. &
Fo1 A1 Aol & YEFHITHIXO0.05). Chung(14)2 &5
2] 70% methanol 5% & 9] total polyphenol®} total fla—-
vonoid 3FFo] Z+z}F 42.26 mg/g® 26.39 mg/go]etal KBl
3} 3L, Jeong 5(15)2 total polyphenol &&Fo] E5-1| €]
o] 749 9.028 mg/g, BF=H 2]+ 5.34 mg/goltal R als)
of B dte}l 2po]E WAt Total anthocyanin®} total

W Mulberry

W Black raspberry
[0 Raspberry

[ Blueberry

600 -

500 -

400

300 -

200 -

Concentration (mg/100 g FW)

100

Total polyphenols  Total anthocyanins Total flavonoids

Fig. 1. Total polyphenols (TP), anthocyanins (TA), and fla-
vonoids (TF) in berry fruits. FW: fresh weight. Bars represent
mean+tstandard deviation (n=2). Different letters (a-d) above the
bars in the groups of TP, TA, and TF indicate significantly dif-
ferent by Duncan's multiple range test at P<0.05.

polyphenol®] 3% Bl &4ks}t gido] AbA],
M2 2 Aol HAths AT(7,26)8 F3ske]
7o) WEg vaE fEiA = ol oy e4E Y
dasdo] gk Az

HPLCE o|&3lo] wlElH/ 459 718 PA, quercetin,
anthocyanin®] $t&S £41% A3} Table 39 YEFSL
31, ARvEHS Fig. 20 YeUIQith Fig. 2A% 254
nmell A HEH 9F PAS Quedl EHRTE ARVED
WO F | Quue 38. 7% AZH 3L 256 nme} 355 nm

FollA Ao F3E vebdth 2ot ghzuE] FEael
M Quitt AEE oY, k=g et 7]

T Qrue ©19° Qs &3 ' o] §AFEE quercetin de-
rivative(Qaer) 7} Zt7t 34.9%3 43.2%°] HEF A=
(Fig. 2B, 20), ol E9zt=ug e} EF WA Que’t
Y2y 153 3% HEH Yt Seeram 5(6)9] AT<F A
stgloh Sele = g] o) quercetin 3eFo] 111.9 mg/kg e
2 O #Hg R/ vld Fodo = #9kem(/X0.05), 4

=72 242t 45.3 mg/kg? 39.3 mg/kg O & Aol 7}
A, == 7Hg WStk (Table 3).

Fig. 2D+ Cau® Crwe B8N0 520 nmoll A 22} 29.6
3} 30.6%0 AEH AZrtEIM 07 o] F anthocya-
nine 234 nm, 280 nm, 520 nm <29} Bl A T3
TE B oue} gzl A= o] + 719 anthocya—
nin?t HEE W, Cgo®F Cry 018100 o] 7 71}t 33 9"
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Can®t Cru, 22 H oA Cqu, Cru, pelargonidin-3-
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o] F o2 =9k ow(/X0.05), EFHE, &Y, g=2wd &



J 3
RS e Rl
ey

71/\]1 :

ZRle -4

H]/\.J_w_

15 . A Al S

g o= -4l
o]-&3

1300

¢ ¥m

A

05)(Ta

2 39 TH(XO.
ool Aol xjo]Z HY

o= el

s =
EAS] ¢
CGA, CA, 12} 14.0 mg/
=% PCA, 7} 44 e
Fold HEH e ki, 57
e v aﬂ}zﬂﬂa% mg/kg 2t %;}A(P<o.05)
e . o1
= o . 5.9 mg/kg 2. °% & 391 e AAEhE (N
R wN g U kgt 5. o 9o]H o - %:Eﬂl?‘f':a Aol a37} 9
o o= = W@ e 7S 12 2] & PA A gz o] CGA
£124 4 % : ble 3). &+ cide] sp= )= 1 mM Ek hos—
E ; = E ) B0 (Tzroxycinnamlc ]a Bassoli (27 ; glucose-6 _Ii 0w
— p : k9
* } o "é hy el =, omal fraCtl(j Aol 4w ‘_E"rﬁ]'
> e al & icros i} FH A& T ORI
o —~ S g 8 Tjr ?H Z_]_—}—ZJI mlcq Q_l.]xﬂ'a 93\1’ Xﬁﬁ]—}\]ﬁq—‘]—:yoﬂq
ARANE o3 & 7t B8 0% © 589 80% o= ] g i
E s o4 . z hatase TE S ZH| 2ol = 193, 1
ou ] s = p ose EI—»——- ) SA
Ol z N o] oluc i} 5o w]o] 9
3| < gl 1 = © Zhef| A ] g} =gk 2] /kgol =] o] i o
g & - g . CGA7 Eﬁu23.8mg TOoR Wol g
= > At Qtld= /kg TEL Sy
2] > = — 7 EH = _
I £33 e Tt wAel 7 lic com
® % k= 7 H 2] ol 1= gy &3} heno -
L : o A T phenolic com
IISIEE sal B weleel g ol 2l 1M EA =
i 2l 9
S S g - 9loj A = walo] a4 5 o3} = 14 EAger
2 = S = ? Av g = (6= =% ghz=n| 2 of ne o
e 5 v ; I, Seeram ) 65 <l tannin
D a :_) = S & ound<!H], ivative(EAger Aol =3T+E-0] in?} gal-
8 ph HA £ s pot acid deriva askelth E in(ellagitanni Z=7)
) c-'\-ll T - g <o 2 laglC i{g]—‘}ir/}ﬂ H ble tannin nln)gi 1__0}
@] gd — Py L =9 A o hydrolysa (proanthocya SR PARS!
© = o o= = in(p T AE
7] ah —?—9] HﬂE]‘IT ed tann laJO]] p _HL?—]—
2 0= - : s )3 condens H@ S=vkE pad Aow .
= S o E; o lotannin UVE F293} AT Q] E UE-]-&O Rk A
= 8 EE gi @ £ 3t HPLC_aoﬂ/ﬂ e E x:iﬂ EAS] 83 201 a4ad
Al I £ E u;-‘éé—]“.o sk 2 e
= 2= 5 g oo nning T+ o] &8 714
E; o g E o}, whebA taﬂ{_ dEeE und free
& R 5 5 b A e compound:- a3}
5 o 8 v £ = 2} 3 3l phenolic ~ = &
S| ¥ . : 3 Az} SR o 3191 4] =
° S|z g o < a Ao A7 2 & o] TTL:&—"]%E o oA el
g = T 3}l 5o A %207 3 A ek A S% o] &3}
g ® ~ b .2 5 radical®] ii o] 9it}x 0‘3;4 2} DPPHS} A}S’;_é]__ﬂ ol
8 l’.—?"’ A A %‘0 L ]vg_}\l—i'(_}o n.skal L. %—.7:;‘—0 >
t 2|5 e 2 = IRRA e oA et
& < + < z 4% gk dical scaveng F=3lo] TEA 2 Wy F Rt
= g ee radic o] 7t o o1%l
e £ 2 = o quivalent %t 7 == g TEAC/100 g i
% . S & 3 §= rolox e S ECREE= mmol .=
S it = k) T 4). DPPH =0 903 AC/100 g, & o/
g 3 g & :r ;-E 2 (Table G R 86 mmol TE 7 mmol TEA
e % S5 = A E § o 2 015(; = O.ﬂ_zﬂﬂ‘ﬂ% O'7ﬁﬁk% Bl
o« < £ I(F0.05), EAC/100 g, 9} e} A 0100 g0l o
N 35 < 4 < 85 mmol T TSE DPPH ol TEAC/ 240.05).
:; < 3 d : :" E% z OOO gol At AB]_;(]— = 2.99 m;l 7H8 ek |l poly-
4 — - o
w B = © 2 E Ag ! Eu(»q_.z_ﬁﬂalﬂ— e 7]— ‘Prg]@—ﬂ AC %}:ﬂ} tota ar—
e - 52 A B Z= ) ] Se] TE 3teF 7} Pe
E 22 = T i %: 422 7(7%0.05), Tj/]r#pH % ABT flavonoid ¥ 0.01) ]
g|& S133 & = %EEE §= F 4%°] DP anin, total 7} 0.85(7X0. h =
Zlg| S hS a 5553 5% Hﬂ"ﬂj wotal anthOCYL a @Lwlfb}ww. Ju .
— ‘D — P “..!: = ; herlo s o A }\]i‘s_ = _']_74]% ) poun
2l s@| B 5§88 7 P HEA S A o] ## olic com S1AL
g e R 50 5% g on FEE 3 (+)9 =22 9] phen sk}
=8 <152 59 STy $o2 599 9 Pl T phenole o &
|5 « jg Z S < g =l 37 S e Ao 7 =g 9t ¢ 1 flavono ing activity,
z|E| g < ~ £ Y 5 e = pounds} total | scavenging act )
E PEET il a lic com e e
S S| .53 ZhHES 2 tal pheno ) ABTS free 84 o] o =L
g o = Hr.ﬂﬁgaﬁ%s (to PH % A |57} 0. R
g — 0 =) +H f{) S O == =] b5 sl 3] (DP o )(\3]'33_—7:] T (14)““ =
(| |33 e3 B et s 22, Chung
2 S = 88 o S8E 2 ucing po arskglar,
%) A& b5} f ed ST
= <= = e (=R o r IJJE]'—L—
3 b%b %co.;a,.gg.. 38 e
5 5 5 8|l& ° n-ELLl.E-gQ d=
£ I 4 505 52
: 2% s %2 E o °FE &
e =R ~ @G a e
2 =@
=
]
—



EEERIEUIESE IR 2 1301

0 10 20 30 40 50 60 min
0.055
B
0.035 -
-
<
0.015 - B
11
N
-0.005 L L L 1 L |
0 10 20 30 40 50 60 min
0.035
C
0.025 | 4 8
-
<«
0.015 +
0.005 - 12
-0.005 L L L L | |
0 10 20 30 40 50 60 min
0.37
D 13 14
0.27 +
-
<«
0.17 +
0.07 +
-0.03 L L L L L |
0 10 20 30 40 50 60 min
0.58 | E 14
038 | 15
-
<
0.18 ISN
02 . ‘ ‘ : : :
0 10 20 30 40 50 60 min
0.07 ¢ F 16 19
0.05 + 18
=) 13
< 20
0.03 7
0.01
i , ‘ ‘ ‘ . .
0 10 20 30 40 50 60 min

Fig. 2. HPLC chromatograms of phenolic compounds (at 254 nm (A) and 520 nm (D)), black raspberry extracts (at 360 nm (B)
and 520 nm (E)) and blueberry extracts (at 360 nm (C) and 520 nm (F)). 1, gallic acid; 2, protocatechuic acid; 3, 4-hydroxybenzoic
acid; 4, chlorogenic acid; 5, caffeic acid; 6, p-coumaric acid; 7, ferulic acid; 8, quercetin-3-rutinoside; 9, ellagic acid; 10, cinnamic
acid; 11 and 12, quercetin derivatives; 13, cyanidin-3-glucoside; 14, cyanidin-3-rutinoside; and 15~20, anthocyanin derivatives.
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Table 4. Antioxidant activities of berry fruits

A
a

Mulberry Black raspberry Raspberry Blueberry
DPPH (mmol TEAC/100 g FW”) 0.85+0.02° 2.03+0.21° 0.77+0.11° 0.86+0.07°
ABTS (mmol TEAC/100 g FW) 1.41£0.18° 2.99+0.24° 0.77£0.13* 1.47£0.20°

"TEAC: Trolox equivalent antioxidant capacity.
2FW: fresh weight.
*Values are meanzstandard deviation (n=2).

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

9} BFHg] FEE9 total polyphenol % total flavonoid
Szt dhaksl 24 Tholl 22 F(+)e] AdAdo] eSS B

ESFE FAsE Z4do] Avkal ®oly phenolic com-
pound} FA4ksl &g te] el tigk A Sl 2AME
AeliM= &5 54 Faksl el e o g 77 4
Labrhar ¥

*

o ok
el -

TUlolA T2 A== dEA A HEFell o
9 7SS gotr g A A7) e 2
wle], =g, &5 2] pH, At%, #2193, y-aminobu-
tyric acid(GABA), 714 &%, phenolic compound, &4F
3t &dE xAbete] wlastSith AlElR 4F9 pHe
3.3~5.2%2 EFHE7} /Mg Ea vt 7P e v,
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g7 74 Eoket wlE]FelA HEE f212<l fructose
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A=, o= vhE HlgFel Hl3) 3u] o] W <ol
MHrE T8 Fr1Ee 2g, 2E, vfadlgel
2 92.9~256.0 mg/100 go.& S }=
EA e Ao (X0.05) EF
4 kel Total polyphenol®t total flavonoid

< 198.2~547.2 mg/100 g3 5.0~94.6 mg/100
g9l WS Se=we st 7 sokan, ghamE s fo
Aoz 713 Wkt (/X0.05). Total anthocyanin< 19.8~
385.6 mg/100 g°] WA= Egeg=n=7t 7 w91, 2
=H g7} fre] A o & wEokth(/X0.05). Total PA(phenolic
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5.9 mg/kgol =] A=t ol 2td s 504
mg/kgRth $kom, 391.4 mg/kgl 2 71 =4 HE
EFH| o= PA2] tjF-Eo] chlorogenic acidth. H&]
F 4% atst 248 DPPH ¥ ABTS free radical
scavenging activityE 413}9] Trolox equivalent #t2
2 vl A3 Trolox equivalent antioxidant capacity <}
total polyphenol, total anthocyanin, total flavonoid &
= FYAA H+)o F#dA(Pearson FHAATF r>

0.85; X0.0DE YetliSla, Edgt=we]7} DPPH %
ABTS &4kst &do] 7H¢ -3kt
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