Wfge 7 — b)

T —) —REHHW O DPPH 7 ¥V A v
2GR AP S T E T D 2
—HPLC #:& UV-VIS D eig—

ZH OB - KEOEH - RIE TR - BRANBDY
BHNEE - #oo Wz - ek BH

(£EF]

TN—R) —CEBBICEENDI T b T =08 HIEWE) X, kN7 ) —5
INERKSEDLER N H DL EEDbILTWS, Zhb T v M7=V HEOTBRLREIL, ZE
727V —F Y ANTo % 22-diphenyl-1-picrylhydrazyl (DPPH) % H\UNTREMi S 4125 D5 — ik
) CToh D, F7o. DPPH 7 ¥ H/WHETEMEOREE L UCiE, S OS2 vz
teaE R (UV-VIS i) & HPLCIED 2 IEN MG STV 5H, RO HNIX, 71—~V —
D LD RAEBREMOPUIRILEREIZOWT, b 2 DOHIEDZ YA MR+ 5 Z &
WD,

F VA VAEEFEME 517 nm 12315 5 DPPH OWIEA 2 RIET 5 Z & TiMlish 5, Fx
TN —=_RY—=D7 ) —F V) WEEIEEEZIE Lz, mlEFECLY 2 SO 71—
U—=lZoWT, 7V =T PUMHEEEEOREZIT 72, £ D%, HPLC i£ & UV-VIS £
L VRIE LT P NAEEEEOMICEWAEBERFEO Hiv7e, LU b, UV-VISIEIC K
DRE LTz T7 A NAEETEEZ, HPLC JEIC XV JE L7ZEL 0 #IZ 1.5 fFRfEE R L,
HPLC EIFEAREMTFDO 7Y —F U HNVERIEHRIEICBW AT L B b, —
J7C. HPLC i£ & UV-VIS i & ORYFEM O E X, SEHE L2 2 DO 7 —_Y —fE Tlx
FHEL LB TH -7, ZORRIT. UV-VIS IEITEE R EEZIT AL, FEAEBHCLEMAT
52 LERLTWD, UV-VISIERENOHETH L 720, 7 T = o L 91Tk
FHNCARRERECRBE O 7 U —F U A NAE EIEEOF I ERICA A TH 5 &Hlr Lz,

*—7J—FK: 71—~_Y—_ DPPH 7 ¥ hI{EETEM ., HPLC %, UV-VIS %,
TR =
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1. %

il

7 NW—~_1Y — (Vaccinium, family Ericaceae) DFFIZIT, RV 7= /) — Vi3 O—>Th D
TR T2VEPEEICEERTWS Y, Tr by T =V EITE VIR bEEE AT H L
BEHILTEY, BbA L ABEERER, T72b6, BIREE(L, FERIE, A7 EDOATEY
EIRORIETHZH I ME L L THERESRLTWS I, 20D, —RTHOBLENS 71—
NY —REOHRRCRBIC OV TEHMICHETT 2 Z L3O THETHY . ZNETIZT L—
ANY —REOHLCRRIT T 2 R FRM (FEM, B, IER 72 &) DRI
DVTHFEN TN TN D >,

7w~NI~%£®ﬁ@m%MEK@\ﬁ%%ﬁﬁ%$®ﬁ@m%ﬁﬁﬁfﬁé
ZHMMWHpMWmmw1®HH)?Vﬁwﬁf%ﬁ%%%%é’k#%% ERT Y
J1VCdH D DPPH 1X, HUEM LW EFAE T ik, FET VB RIZE(L+ 5, DPPH 7 2 H /L3l
EIEMEEIL, ZOMEE 2R LT DPPH L HiMEME 218G L2 OWERE 517 nm (281 %
W A RET H 2 & CHiEg{bEEZ FEi3%, DPPH 7 ¥ WL, EERRNICHFEELRWET
NTGIHANTHDDH, ARBEEER EOREHLZNAATHL OO, il faEis
AW THE{LEEZFHMI CE 2 72O H I TV 5,

%L OT v T = O TIX, DPPH 7 ¥ I WIHEIEMEIEIC X D iR RE 2 /0 il
FED 72\ UV-VIS (Ultraviolet visible spectrophotometry) A CHIE L, 7> b7 = FHDOW
FEEELIIKZETREBLTWS, — 5T, Zh—_Y —REHDOHEE{LEELZ DPPH 7 %
NHEEMERICE OV MET 2HE, 7Y b7 =23 E DPPH OWILEENEL 5720
HPLC i FWCT v b7 =% L DPPH 0B L CHIET 5 Z L3RS hTng Y
Ty N T =V EOPIR{LEES DPPH T ¥l WAEETR VS TRHMET 5 % itwvm&f&
E LT PRRILREDEN Z Y 72 & O E H 7 HPLC ¥ THIE L 72 PIRLEE D & el 45 = &
WEHETHLN, THHHEFEORECOWTOREITITLE A L0,

Z ZCAMFE I, IR (A ¥ aE) BIOTEREERER (Ke) CTHiEshk
TN—_ Y —RERIRO DPPH 7 ¥ B W BIGMEIEIC X 2 5t {bREFFMIZ DV T, HPLC
EBELOUV-VISIEZHWTHIE L, 2 BHEFEOZ Y4 g - BEH L7z,

2. A &

2—1 HEBFIUVUEEBMH

THEENTHEALLZTRA X aET L—_Y — (iWfE AP BLOTERSEERT
Kbt INEN Oe) ETAL—Y — (B 74 b= b)) ZFEBRICHER LT,
7= = REEIA A E AT E T —30°CIT TRERTF L7z,

Trifluoroacetic acid (TFA) 1% BB b FRE & 4E R, HA) 7> 5 | 6-hydroxy-2,5,7,8-tetramethyl
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chromane-2-carboxylic acid (Trolox), DPPH |& Sigma-Aldrich Co. LLC (St. Louis, MO, USA)
725, 2-amino-2-hydroxy methyl-1,3-propanediol (Tris) & 17 ¢ /L AFEHIFEE XS4 (O
B, BA) PBEEA LTz, ZOMOBEEIIHRA RS L <IZ@mdiEks v~ 77 7z
AL THWE,

2—2 TFULTZUBEOHMEAE

B LT T —_RY — R MAEAIC 3RLRY, EEZHE L, Zhbaishl T
FTVOSL., 1% TFA IR 40 mL Z 12, @ELE 2R L, BERIEALLE (31 kHz, 20 F3fH)
TEE L7z, ZDt%, mO008E (4°C, 1,980xg, 15 70f) =17V, EiE% 200 mL & A A7
TANK Uiz, TR UT- BT 1% TFA JRHR 40 mL Z0%, Rk OEIEE G 3 [BfT-
72o BN U7 EI5IZ 1% TFA ISR AZ N Z. 200 mL ICER L, ALz, AR 1ImL Z~A 7
nFa—7IB L, mOoHE (4°C, 10,000xg, 5 77 Z1T-o70%I, EEZ LR 045 um
D GL 7~ T4 R7 (Vb = ZARAS, ) Z2HnTAhAmEL, 7 r—x
U —RIEMHIR A 15T,

2—3 DPPH 3 VNIVEEFHEDAE

DPPH (XZERT VANTHY | 7V HNNEEWENFET D LIET I NMRIZE LT D
(Fig. 1), ZOMHEZF|IH LT, DPPH & 7 VA VIHEWE ZIRE LTI 517 nm (281
DWHEZBPEST D Z & TT VA EWEOFRRLEEE FH Lz 9,

00 00

O,N NO, + R H )  O,N NO, + R °
Radical scavenger
NO, NO,
DPPH radical DPPH non-radical
( purple) (yellow )

Absorption wavelength : 517 nm

Fig.1 Schema of DPPH radical scavenging activity method.

TN—_RY —BEMHEE~ A 7 0T 2 —T7 12221 100, 250, 500, 1000 uL 737E L,
1% TFA /AR = %2, A& % 1 mL & L7z, 100 mM Tris-HCI buffer (pH 7.4) 400 uL (ZFH%L L
727 N— U — BRI R 100 pL, =4 / —/L 250 pL 33 X 0V 400 uM DPPH = % / — LA
250 L ZNEIZ AN A, SR, BEATIC T 20 70 M E L7212, JLER 045 um DA T T 7 )b
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X —HHNWTAHBL, ZDAREHEREE Lz,

PEAEY) 121X, Trolox Z Vo, KIRIED Trolox =% / —/LEFHK (20, 40, 80, 120, 160
uM) ZFH%L L 100 mM Tris-HCI buffer (pH 7.4) 400 pL, 1% TFA ¥A{% 100 uL, % L 7= Trolox
TH ) — VIR 250 pL 1 400 uM DPPH =% / — V¥R 250 uL #)0%, =83, BEATIZ T 20
AYTEIERE L2121, FLR 045 ynm DA T T30 7 4 W E —Z T Al L= b O 2 FE YR &
LTz, 772 71% Trolox & £/ 02X — /L&, R & RIS L7,

Trolox Z H W CEUFERE A /ER L, A& (UL / assay) (ZF829° 5 Trolox & (nmol
of TE /assay) & L CHM L7z, £7-. Trolox MEMRODEMM:, MR (Limit of detection :
LOD) B X OEERSA (Limit of quantification : LOQ) (2> CHERR L 7=,

(a) HPLC IZ X 2 fif{tae o flE

HPLC (Z X2 0#1cid, v AT L= ha—F— : SCL-10Avp, N> 7 : LC-10ATvp 35
L OVLC-10ADvp, Wik ZEE : DGU-14A, 4854 - rIRROCEE R AR : SPD-10Avp, 71 7 LA —
7 ¢ CTO-10Avp (BRA St SERYERT, 0, BA) ZfEA L, C8 U W/ LA F L
7277 2 (BDS HYPERSIL C8, 250 mmx4.6 mm) % E&IZHV 2, HiILRERIED =D D
HPLC §:f4:% Table 1 127”77,

Table 1 HPLC condition for antioxidant activity measurement.

mobile phase methanol : water =8 : 2
flow rate 1.0 mL/min
column temperature ~ 35°C
injection volume 20 uL
wavelength 517 nm
(b) UV-VIS (T & % Hile{LRE DMIE

UV-VIS [T X 2 3HTI2iE, UV-2450 (BEA St SEERERT) 28 L, JEIE 517 nm @
WRE TIT o7z, 72720, 7A—_Y —REMPRICEEND T T =8 517
nm CHIURGRD 5D 725, DPPH ROV IZ= ¥/ — Va2 L7 —_ Y —F
FEHhH#E 100 uL, 100 mM Tris-HCl buffer (pH 7.4) 400 uL 38 X OV % 7 —/L 500 uL OIEE
(AR OWSEEZRREL, SIFIORTR 1T THIELRE 7,

MIEVOLEM = HEREBIOWOLE — A ROWOGEHE )
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2—4 TNL—RY—BE1 ¢H-YDDPPH I PhILHEEHDES

WHOHED L LTI N—_Y —FFE 1 gdh 729 O DPPH 7 ¥ /Ll EiEME (umol
of TE / g) ZHM L7, KEHEHIC Trolox WM& FE /1L 7 —_ Y — RERIRIRIN &, Hitfhic
517 nm (236 1F WO EEME £ 72 1T EROLEEE A 7" 2 » b L. Trolox 35 & OV 0B [B1 i (D
MrAEAERK L7z, K2 TR L7 X 9 I DPPH 7 ¥ 4 Vi EIETEIZINE R B O [RUF E R O X (ay)
% Trolox D EIFEMMOMEE (a) THRLU THH L7z, £72, 3 12iE, X2 THH 77z DPPH
T UAMAEEERE T — XY —RERMHEORE (C) TlRT5Z& T, 7—_XU—}{
F1gbHi=v D DPPH 7 ¥V H WHEIEEEFH LT,

DPPH 7 ¥ 71 WAHETEM (nmol of TE / uL)
= a, (A517/ (pL/assay)) / a; (AS517/ (nmol/ assay)) (2

TN—_Y =R ¢ 5720 O DPPH 7 ¥ B /Wi ETEME (umol of TE / g)
= DPPH 7 ¥V {HEIEYE (umol of TE/mL) / C (g/mL) (3)

2—5 #REHLIE
F— LT R TCEHE (mean) HAEHEREZE (S.D.) 1T THKEC LT, FHBEMEOMENT 1213 Pearson

OFBEREE AV, p<0.05 ZHEE LT,

3. #F B

3—1 E#MHE. LOD KLU LOQ

HPLC 3 X OV UV-VIS % AW THERL L 7= Trolox M AR O EARM:, LOD 3 LT LOQ % Table
2 127" F, HPLC, UV-VIS & $1Z 10-40 nmol/assay 0> Trolox I B &l |2 35U T i W VECRRPE DS
RHOLNTZ, 2, LOD BLPLOQ IZITREAREITRDO LN T2,

Table 2 Linearity, LOD and LOQ of calibration curve prepared using HPLC and UV-VIS. (n=7)

Linear regression equation (y =ax+b)

Slope (a) Intercept (b) Correlation (r) LOD LOQ
( nmol/assay ) (nmol/assay )
HPLC assay 1.000 0.000 0.999 6.061 18.365
UV-VIS assay 1.000 0.000 0.998 5.091 15.429

3—2 RIEAEETORERILEED LB
AF v ApET N—_Y —RLERHIE A T RIS E & STER LB O B4R % HPLC 14
BELOUV-VIS I THIE L2 R % Fig. 2 B X O3 1279, HPLC #5, UV-VIS ¥ & b I2 7 v —
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AU — PR IRE I & ORIV BB ERE N L 7= (Fig. 2) . £ 72 HPLC %k & UV-VIS
ECHIE LB ERE O RIS S VAR ER O H 722 (r=0.985, p < 0.001), UV-VISJET
BE 7= PiiR{LREIL HPLC 1A CHIE S =i bRE L W LS FmfE%E R~ L7z (Fig. 3).

60 - 60 -

wn
=}
1

y = 0.456x + 5.829
R*=10.9975

£y
=

[
=]
1
[
=}
1

Antioxidant activity
(nmol of TE/assay)
w
<
UV-VIS ( nmol of TE/assay )
W
—

y = 1.4898x - 0.6959

Antioxidant activity determined by

10 A 10 -
y=0.2931x + 4.9795 _
R? = 0.9874 r=0.985
0 T T 0 T T 1
0 50 100 0 20 40 60
Addition amount of extract Antioxidant activity determined by HPLC
(pL/assay ) ( nmol of TE/assay )
Fig.2 Antioxidant activity of commercial Fig.3 Correlation between the antioxidant activity
blueberry fruit ( Mexico ) — extracts determined of commercial blueberry fruit ( Mexico ) determined
by UV-VIS and HPLC. by UV-VIS and by HPLC. (n=20)

O : UV-VIS, @ : HPLC.
Data represent the means £S.D. (n=5)

HAAPET N—_Y —OHIELRER A % 3 2 e & RO 7L TRIE L7z #E R % Fig. 4 BL O
512789, HPLC #5, UV-VIS ik & HI2 7 —_ Y — BERHIRESINE OB Bkl
REDNHEIN L7= (Fig. 4), $£7-. HPLC ¥% & UV-VIS # CTHIE L 72 HiBRLEE DT & i WA BN
RO BTN (r=0992, p<0.001), *F I apEd FHEIC UV-VIS ¥ CTHIE S - Hiigb g
X HPLC 35 CHIE SN D PR LAE DI 1.6 f5mfEZ 1~ L7= (Fig. 5),

Table 3 B X4 TR LT —_Y —R%E 1 g H7= 0 O DPPH 7 ¥ A Vi EIENE (umol of
TE/g) bREOERLE 272,
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Antioxidant activity

-
=]
3

w
wn
1

y=0.279x + 4.83
R?=0.9998

(7
=]

[*]
(9]
1

( nmol of TE/assay )
o [
n S

o
=
"

E
=)
)

w
wn
"

(2]
=]
"

[
wn
M

[
wn
"

Antioxidant activity determined by
UV-VIS ( nmol of TE/assay )
[
—

10 4 y = 1.6296x - 1.0589
5 y=0.1678x + 3.7722 s| 9 r=0992
R?=0.9994
0 T T 0 T T T 1
0 50 100 0 10 20 30 40
Addition amount of extract Antioxidant activity determined by HPLC
(pL/assay ) ( nmol of TE/assay )

Fig.4 Antioxidant activity of harvested blueberry
fruit (Togane) extracts determined by UV-VIS
and HPLC.

O : UV-VIS, @ : HPLC.

Data represent the means +S.D. (n=3)

Table 3 Antioxidant activity per gram of
commercial blueberry fruit (Mexico).

pmol of TE/g* SD

Fig.5 Correlation between the antioxidant
activity of harvested blueberry fruit (Togane)
determined by UV-VIS and by HPLC.(n=12)

Table 4 Antioxidant activity per gram of
harvested blueberry fruit (Togane).

pmol of TE/g* SD

UV-VIS 23.399 3.899
UV-VIS 31.396 5.016 HPLC 14.073 1.808
HPLC 20.194 2.640 * Calculated by dividing the slope of

*Calculated by dividing the slope of regression
line made with the blueberry fruit extract by the
slope of regression line created by Trolox. (n=5)

regression line made with the fruit extract of
blueberry harvested at Chiba Prefectural
Agricultural College by the slope of
regression line created by Trolox. (n=3)

4. & &

DPPH 7 ¥ 71 /Ui BIEVEREE T DPPH 7 ¥ 1 WVIRHE & JIERE 2 IRA L, — R MUG
W41 517 nm OWLSEEE 2T L C, D T U0 WY BiGMEZ El 5 ., WOEE % I8
T LT THERRLEEDN T T & 2IFEF IR TETH L 720, ZhE TS HVWSLR
T&lz, —HT, TV M7 =VEEEAETLEAREZR L, MEEE & B ORI R A
ERLDGEX, WERKNETH D LWV RANEHINTWD, RIFFEICEVTIE, HPLC
15 & UV-VIS &2 & - T DPPH 7 VI HETRMHIEIC X 2B beei i 217 A —30BHZ
K D WNE S VLD T VE 2 T L7,

AHFFE T, HPLC & UV-VIS ® LOD B LW LOQ ICHBERENBD LN hoT=2Z b
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W EE DR EITITE LWENRWT EDVR STz, £72, HPLC £ & UV-VIS {ETHIE L7z
PR LRE TR ISR D 5 (L EN —ETH 0 | JEHFEMTEOHEBERERD S
2o LU, UV-VISHEIC X BRI, 77 v 7 MiEE LIZIc b b b9, Hilg{bEess HPLC
HEXV LR 15 FE<BEHENT, 20ROV TIE, A%IEELICB T 2BEETH
HLEBBmELTND, O L OOREEME LT, £ 520 nm AT ICBRRIN 2 FF>T v by 7 =
V& DPPH 7 ¥ VA IRFN L TZBRITAT H 2 OB b F 72 BAER A Z 0 | OGO
TRECLDLT=H0E L7, L LR S, UV-VIS I ETHEMRENRBD bic 2 b HE
— B QMBI BV TR R LA A RETH D LS S D, Fiz, IEHEERF O
JREMOMEE 28, SAEOMFETIEY > FARMTIREETHD 2 0D, YR IEREE
FWiui, HPLC EIZ R T HHEM~DZEW S AIRETH D, UV-VIS VEIEHME T, dulZ2 ik
ThHHIZD, T T =D XD RAREERECREOREICE W TIIMmO THHTH
% &I L7z,

ZOWFRTITE AR TNV —_Y —Z R ESR E LIy, oBEEREMHIZIBW TS DPPH
Z DA WA EIEMIEIC X D HIR AR OFHEIZ B L CRBROFERAG b D 0%, Sk OifE
& L THHE kRS 2T CTdH 2.,

#

KL DIERIZ BT . WEBET N—_U — (A bV = ofl) Bz ZZEEL
e THERSEERTFRICGHELZR LET, 2. 74— =R I B HEE 2 72
T FE L TERSERERER - MEIR RO SHAEITLE D EGEHH L ETET,
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Influence of measurement method on DPPH free
radical-scavenging activity assessment in blueberry fruit extract
- Comparison of HPLC method and UV-VIS method -

Yuma Shibata, Kosuke Ohara, Chihiro Takei, Kaori Matsumoto
Tetsuya Hasegawa, Masayuki Akimoto, Atsushi Mitsumoto

Abstract

Anthocyanins (antioxidants) are abundant in blueberries and might be found effective in the
reduction of free radicals in the body. The antioxidant activities of these anthocyanins have been
assayed by using the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH). An HPLC method and
colorimetry method using UV-VIS spectrophotometry (UV-VIS method) has been reported for
evaluation of the radical-scavenging activity. The aim of this study was to compare the two ways for
measuring antioxidant activities in colored foods as blueberries.

The activity was evaluated by measuring the decrease of DPPH detected 517 nm. We determined
the free radical-scavenging activity of blueberries. Both methodologies were applied to determine the
free radical scavenging activity of 2 berry species. The results gave good correlation between the
radical-scavenging activity determined by HPLC and by conventional colorimetry. However, the
activities determined by UV-VIS were 1.5-fold higher than those determined by HPLC at all time.
HPLC method is expected to be useful for determining the free radical-scavenging activity in colored
foods. On the other hand, the UV-VIS method would be applicable to colored specimens with an
appropriate adjustment. UV-VIS method is simple and rapid, and also useful for determining the free

radical-scavenging activity even in colored specimens, because anthocyanins are chemically unstable.

Keywords: blueberry, DPPH free radical-scavenging activity, HPLC method, UV-VIS method,

Anthocyanin
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