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Abstract

BACKGROUND: Anthocyanins, potential health-promoting
compounds, were major natural pigment in the blueberry
(Vaccinium corymbosum L.). The objectives of this study
was to investigate anthocyanin glycosides in the blueberry
varieties.

METHODS AND RESULTS: A total of seventeen
anthocyanins were identified from highbush blueberry
using HPLC (representatives, 530 nm) and ESI-MS in
positive ion mode. The individual anthocyanins are
containing cyanidin, delphinidin, malvidin, peonidin, and
petunidin moieties which are acylated with aliphatic acid
(acetic acid) and conjugated with sugar moieties (arabinose,
galactose, and glucose). Among them, delphinidin 3-O-
galactoside (D3Ga), peonidin 3-O-glucoside (Pn3G) +
malvidin 3-O-galactoside (M3Ga) were major compounds
in varieties. Total anthocyanins were found the highest
level in 'Elizabeth' (1,406.3 mg/100 g dry weight) which
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was 3-fold higher than ‘Darrow’ (465.7). Especially, D3Ga
was presented the 32% of total anthocyanins followed by
Pn3G + M3Ga (20%) in “Elizabeth’.

CONCLUSION: This result was showed as valuable
information regarding nutritional properties of the different
varieties of the highbush blueberry.

Key words: Anthocyanins,
Malvidin glycosides, Vaccinium corymbosum L.
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Cyanidin: R3=0H, R3=011, Ré=I1, R’=0H, R¥=01, R*=0H, R5=11
Delphinidin: R*=0H, R*=0H, R%=H, R’=0H, R*=0H, R*=0H, R*=0H
Pelargonidin: R3=0H, R%=0H, Ré=H, R’=0H, R*=H, R*=0H, R’=H
Peonidin: R3=0H, R3=01, Ré=I1, R’=0H, R¥*=0Me, R*=011, R*=H
Petunidin: R3=0H, R’=0H, R%=H, R7=0H, R¥*=0Me, R*=0H, R¥=0H
Malvidin: R3=OH, R5=0H, Ré=H, R’=0H, R*=OMe, R*=0H, R¥*=0Me

Fig. 1. Chemical structure of six aglycones of anthocyanins.

& HAA AE AAEA 6FOE WM (Fig. 1), glucose,
rhamnose 59 B3 opdstEo] x4 o] whe} of
60009F0] EAsttta 44 SItHWu and Prior, 2005).
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Polar-RP 80A(4.6 x 250 mm LD., 4 um; Phenomenex,
USA)E 238t LC-PDA-ESI/MSS A3t 1% ¢
2 250~600 nm(thE4 530 nm)E AT, A5 F
A 10 uL, Y 28 2%+ 30C, F42 1 mL/min
2 AAI o] A(5% formic acid in water)$}
B(5% formic acid in water/acetonitrile, 1:1, v/v)& A}
F3H9IT 2 RS Felsb] G3te] thest 2 gl
2102 FYH QI 304 B3 solvent B 5EE 20004
50%% 4G 7RI, 55 Fe 50%E KA F

A 58 E¢F 50004 20%2] 52 Qs AN
W, 1083F 20%E fFAste] SPISAITE MS Al

electrospray ionization(ESI) source® ©]&-8t positive
A E 901, MS parameter® Z}7}
cone voltage 30 V, source <% 120C, desolvation &%
500C, desolvation N, 7k~ 1,020 L/hr2 A7g3k3ic) 4t
2 M= full scan B} O m/z 200-12002 A3
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=}

7:Ij_|_|. aj -T,—E

= =

Sto|2+| SEHIZ| S3E CHEAOH 24
&t ]5-4](highbush) £-FH|2] 8 #(‘Bluecrop’, ‘Bluegold’,
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ionizion source’} 2 ¥ single quadrupole MSel4
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oA o] 28] ", HIE AIRES EAlEe] REEAloRd S 2
e BRIsISItHEg. 2). wEE FEAlOPIE cyanidin,
delphinidin, malvidin, peonidin, petuniding 7]&=73%
stef 3% ghAell 17]9] (galactose, glucose, arabinose)¥}
Foll acetic acid7} M3}t Hof Sl Fx2E YRSt
(Table 1). Zt ¥l 1709 & #27F vk wo|
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Fig. 2. LC chromatogram of anthocyanins using high-performance liquidchromatography-photodiode array detector (530
nm) coupled to electrospray ionization mass spectrometry form the highbush blueberry (‘Bluegold’).

Table 1. Identified seventeen anthocyanins and their mass spectrometric data from the highbush blueberry (Vaccinium

corymbosum L.)

No. Chemical names Abbreviations MW Fragment ion patterns (m/2)
1 Delphinidin 3-(galactoside D3Ga 465 465/303
2 Delphinidin 3-O-glucoside D3G 465 465/303
3 Cyanidin 3-C-galactoside C3Ga 449 449 /287
4 Delphinidin 3-(C-arabinoside D3A 435 435/303
5 Cyanidin 3-O-glucoside C3G 449 449/287
6 Petunidin 3-O-galactoside Pt3Ga 479 479/317
7 Petunidin 3-O-glucoside Pt3G 479 479/317
8 Cyanidin 3-O-arabinoside C3A 419 419/287
9 Peonidin 3-O-galactoside Pn3Ga 463 463/301
10 Petunidin 3-Crarabinoside Pt3A 449 449/317
11 Peonidin 3-O-glucoside Pn3G 463 463/301
12 Malvidin 3-O-galactoside M3Ga 493 493/331
13 Malvidin 3-O-glucoside M3G 493 493/331
14 Malvidin 3-CO-arabinoside M3A 463 463/331
15 Petunidin 3-C+(6"-Cracetoyl)glucoside Pt3,6AcG 521 521/317
16~ Malvidin 3-O-(6"-O-acetoyl)galactoside M3,6AcGa 535 535/331
17 Malvidin 3-O(6"-Cracetoyl)glucoside M3,6AcG 535 535/331

"All samples analyzed in positive ion mode (m/z [M]") using LC-PDA-ESI/MS
‘No., the elution order of anthocyanins from HPLC chromatogram.
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Fig. 3. Electrospray ionization mass spectrometry (ESI-MS) spectra (positive ion mode, [M]") of anthocyanins identified
from the highbush blueberry ( Vaccinium corymbosum L.). a), delphinidin 3-O-glalactoside; b), delphinidin 3-O-glucoside;
c), cyanidin 3-O-galactoside + delphinidin 3-Crarabinoside; d), cyanidin 3-O-glucoside; e), petunidin 3-O-galactoside; f),
petunidin 3-O-glucoside; g), cyanidin 3-Crarabinoside; h), peonidin 3-O-galactoside + petunidin 3-O-arabinoside; i),
peonidin 3-O-glucoside + malvidin 3-C-galactoside; j), malvidin 3-O-glucoside; k), malvidin 3-O-arabinoside; 1), petunidin
3-0-(6"-O-acetyl)glucoside; m), malvidin 3-O-(6"-Cracetyl)galactoside; n), malvidin 3-O(6"-Cracetyl)glucoside.

< HE-s YR O H(Fig. 3), T T o] HES 2t
TS B AT A9E Ao R HEAloRd A i
I3kl tHCardenosa et al, 2016; Nakajima ef al, 2004).
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5 AR A7t Q= Ae & SAS1AL galactose —

glucose — arabinose?] +Oo% HEHE A& IRl
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3-Orarabinoside(Pt3A), peonidin 3-O-glucoside(Pn3G)
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Sl 2o EEEA St
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o Aol AR Y F

ot 7T
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Table 2. Relative contents of anthocyanins (mg/g dry weight) in different highbush blueberry (Vaccinium corymbosum

L.) varieties
Chemical names

Variety Harvest Ga 3G Pn3Ga + Pn3G

season D3Ga D3G + D3A  + PBGa P3G C3A Pm3A  + M3Ga M3G M3BA Pt3,6AcG M3,6AcGa M3,6AcG Total
Patriot Early-season 999 1558 926 121.6 1273 29.6 26.5 1283 2278 49.2 20.3 9.3 403 11285
Bluegold Early-season 2294 802 181.6 132.0 62.7 21.0 74.0 2139 1027 131.2 159 21.5 33.6 12999
Legacy Mid-season 4113 148 1923 221.2 13.0 237 68.3 3155 159 1065 NDa) ND ND 13824
Bluecrop Mid-season 355.6 123  193.1 193.9 109 249 80.3 3287 156 1527 0.2 ND ND  1368.1
Elizabeth Mid-season 4487 155 2165 205.9 112 199 739 2774 134 1161 04 7.0 04 1406.3
Darrow Late-season 56.5 32.6 56.5 394 287 84 24.3 779 644 674 14 27 53 465.7
Nelson Late-season 117.2 67.0 87.8 75.5 573 126 30.8 1059 972 526 0.5 1.3 0.6 706.4
Chandler Late-season 146.3 719 95.3 81.8 56.0 10.2 32.1 1149 91.7 546 ND ND 1.1 755.7

IND, not detected.

@7 FEol HHY solns] BEHom, Patriot,
‘Bluegold’= 48, ‘Legacy’, ‘Bluecrop’, ‘Elizabeth’=
ZA%0|30 11 ‘Chandler’, ‘Darrow’, ‘Nelson’ YHJ30]
Atk 8 FF2] stolFal EFulelel o] gl F R
Alepde]  sheF WSl 465.7~14063 mg/100 g dry
weight(DW)Z YElSITK Table 2).

TAEY] T EAoRd FE2 et 1,385.6 mg/100 g
DW= 7P 9k 2A35(1,214.2), WAF(642.6)2] =02
S70e] wet & QFEAlopd 3 MskE Rl HFE ¥
QFEAJO EHeke- “Elizabeth’(1,406.3) > ‘Legacy’(1,382.4)
> ‘Bluecrop’(1,368.1 mg/100 g DW) 2% TAF°] =
%01, ‘Elizabeth’= ¥HJE<Q! ‘Darrow’(465.7 mg/100 g
DW)REtE oF 3uf &gkt SFHlEls 22 AbdFurEel
Eab= WV, myrtillus)®] FEAOP] 2/4d3 vl
Aes Yeplgon, F rEAloRd ke WW|2)(599.7
mg/100 g fresh weight, FW)2} H]528131 31 blackcurrant
(235.6) cowberry(68.2) Rt EStTHKahkonen et al,
2003).

28T 7, T dEAoR RS- “Bluegold’(1,299.9)
7} ‘Patriot’(1,128.5 mg/100 g DW)X&.th ¥k =9ka1 =4
T oA 2 Aoli= $I8IHE ‘Patriot’ A= % malvidin
WBA(Pn3G £ 3 B1E&0] oF 40%% delphinidin ¥l
FA(C3Ga ok 31%)Ht} =91 malvidin 3-C
glucoside(M3G)7} 227.8 mg/100 g DW= 7} 58 A2
Z etk B5Ele] 2 EAlR] AlYE malvidin
A7 & $e] oF 52%, ThrC.E delphinidin HIEA
7} ok 26%% AA| St HaE )7l At Avte) vlszet A
S YeEPStHBornsek et al, 2012). ¥HA| ‘Bluegold’
A= malvidin, delphinidin =] H]&o] 27} oF 39,
38%% H]5:3Flal delphinidin  3-O-galactoside(D3Ga,
229.4 mg/100 g DW)o| 52 Ao = Yepsich 45}
RHFeIME vHE e HEEA 2 okdslE FEAo}
Q] petunidin 3-O+(6"-Cracetoyl)glucoside(Pt3,6 AcG),
malvidin 3-C(6"-O-acetoyl)galactoside(M3,6AcGa), malvidin

sk
——'—?‘3/

3-O(6"-Cracetoyl)glucoside(M3,6AcG)> ZAFNA A
o =7 el

TR B, dEAOR ghFo] 1,368.1~1,406.3 mg/
100 g DWo|3lon, THIE(465.7~755.7)°l| wlate] 3t <t
EAopd ghgo] ok 2u) © ESth AT 3uFTY ¥
delphinidin WIFA(C3Ga X3 2 Hit 6200
mg/100 g DWE % malvidin #19#(Pn3G X3 g
HH(447.3) Rt oF 144 =} 2 aglycone) S & F 9l
23 D3Ga(Ft 405.2)7F T4 o2 YERth Ef A9
Avs} AR EFE 2 FEAloRd o] FFol| )
2} xfo]7} YRkl vgA| & galactose A3o] glucose 24
Frct o B Hles AHEgioH, FE uh F8
aglycone?! delphinidin, malvidin #l3A&2] & vl&
o] depx= AL gRlsiglth. &gt D3Ga’t ‘Bluecrop” Ui
T AwoR veht 2 ATe} vl A YeRgic
(Cho et al, 2004). 573 sfolH#4] &FH|2|('Legacy’) 2}
533 sto]i4] BFE](‘Bluecrop’, ‘Elizabeth’)tF <HE
Alopd 2233 Fe 2 Aol7t gl Ao Yehdth T4
9 M3G (B 15.0 mg/100 g DW)> ZAF(H
165.3 mg/100 g DW)Z} vlwate] oF 118) 7haaelct.

THEQ! ‘Nelson’¥} ‘Chandler’ 2] QFEA|oPd Szt
7} 706.4, 755.7 mg/100 g DW)< H|528lal, ‘Darrow’
o] QrEAlobd $Eke 4657 mg/100gE 7H Uitk
‘Nelson’# ‘Chandler’+= delphinidin "3A|(C3Ga 3}
ke nlgo] zkzt oF 39, 42%% malvidin W@A(Pn3G
FHETE =910, ‘Darrow’ A= malvidin #Wl3(Pn3G
3}, oF 47%)7) T2 tEAohd o7 el

o]9} Zo] 8FFC] ol EF|Ee] FEAloR 24
2 oS AR 23, delphinidin WiEA| 9} malvidin ¥
A F T oF 70% oVdE ARk Qe T v E
]2 D3Ga, Pn3G+M3Ga, M3G7} & AH< 7S &
A3tk Delphinidin HG#|¢} malvidin #JEA9] H]&
g, T AEAOR TR 22 7)9 FFol wet o

[} T o EYW T

o] Apol7k 9= A o2 yestt). =relolM Auje 87

(w2 A
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9o o4 EFH|E]9] otEAoldS A B3 A},
= ATt Aol =k xol7h et (Ehlenfeldt and
Prior, 2001) ] E5H|g] uf RREAJoRd 2247} gH=Fe] 2}
o7} FFS XS ofg] 7] 2l Q&) A € 5 Qe
S oujgith gf odte] oehd W, &%, Bk AP 59
72491 alo] o tjARkES] el s 1 = Q)
ohal ®H 17818 0 H(Saure, 1990) ©|Z 21sto] FEAJoRA g
4 kS m S Aow Ayrold & gtk

2 50] WolEA RS o|ztAMbEe] Theket
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A o)
A
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o] A5k A7 i) o] FoA| L Qlrk EFHEE HE
Alopd¥inl obufel ZehH 0] E(myricetin, quercetin Wi
A §) & vhFst oA MRS ek Sl Ao® 4
A QthMiles et al, 2013). FEAJobd, ZEtH ol HE
sheta & EFHlE Wl olxftiAbES] Aol wet o
T5 Tkl 1 w9740 Ax S7EaL SltKEhlenfeldt
and Prior, 2001; Wang et al, 2012). o]e]| w2} QHEA|o}
d AR 5 A g ol 8 ES F, AlEE thdeR
AFE 3 ItHCao et al, 2001; McGhie et al, 2003). H]
= AFS kEAohdo] B AulelA] o] &E A= okl A
2 wjlEduy d#A UATHMatsumoto et al, 2001;
Wu ef al, 2002) FEAORAS] 7]5Ao® FA2Ql v}
witol] FEAJobd 1Y A¥E F3 A AH7F 2e
sitkn ek wpehA Uil stol 4 EFuE] ol tE
Alopd 7 Aol st A, A B7kek 9 kEAo}
W 3y FEE Ao RA EFHE7) REAoRd 119t
T AAE B8 7FsE ANE  glom - QEEARd
8 23] Al AgeA e dE ATl 7x HERE Al
e g g FoE Algdrh

of|

a2 E

= Arelds FF 9 71 stoli4] EFuHlE W ok=
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= ARSI & 8 EF sl EFHIEERE F 17
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% 9 7)o wet 2lelE Bolal AT gol #A o
ERtth QtEAlobd 3y FEoRE FATOl Sohs
‘Elizabeth’7} 1,406.3 mg/100 g DW= 7} =2 §H%
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