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Changes in anthocyanin components of
blueberry during ripening process
ZENG Dan'’ ,ZOU Bo' ,XU Yu-juan' ,WU Ji-jun', YI Lan-li' LI Chun-mei’ ,XIAO Geng-sheng' "
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Foods , Ministry of Agriculture/Guangdong Key Laboratory of Agricultural Products Processing, Guangzhou 510610, China;
2.College of Food Science and Technology , Huazhong Agricultural University , Wuhan 430070, China)

Abstract: The changes in total anthocyanins and anthocyanin components of blueberry during the ripening process
were studied to provide experimental basis and reference for blueberry harvest. Total anthocyanins content in
different maturity blueberry were measured by pH differential method,the structure of individual anthocyanins were
determined by HPLC-MS/MS and quantitatively analysed by high performance liquid chromatography (HPLC).
The results showed that anthocyanin synthesis was accelerated with the increase of blueberry maturity, and
anthocyanin content was gradually accumulated and reached a peak value of 2827 mg/kg at purple black stage.
There were 15 kinds of anthocyanins during the ripening process of blueberry, delphinidin, cyaniding, petunidin,
malvidin and peonidin pigment and their linked galactose, glucose and arabinose, respectively.During the ripening
process of blueberry, delphinidin, petunidin, peonidin and malvidin class were increased, but cyanidin class were
decreased in mature later stage.
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A s MTP $ELAH 5] B 5 12 3% 45 e 25 AR J5 il o ik 2 &R
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JFFE) 5 Ribnicky " S5 #2537 T TNO Jiz i A5 A (fif >4 5]
F FHRE B B AR TIM=-1) |, RIS & & H R
B AR R St X i AR e o e BIHALTE R BAA
P4 5 Kazan'™! 25 5% PR 85 71 59 21 300 6] e )2 ot
MCF-7 ( NFLIRSEE LRI R ) 09VE -5 R o oés 24 o ]
TEAEAAMRL, X e 3 TR IE ME R AR WTE M, T A
IRAN ] 2 B2 W 25 vp 4B 66 B AR 2 i B ST AR 20 UL,
It H R A X ) 22 o S G A R T e A 1
MR E A AR . B R, H AL ARG Rl XY )T
ZRAATYE S | A i A% il 2, (8RS8 it B o A £ 1 e
KR T AR IIRIE . EFXT LA b A8, AW 58 DL
DX AR R JFORE, PRI T W4 A% il A o A P R AT 1Y A
B B AR A AT, Sy T A R TN T R X AR
P v SR P B L E AR
1 BT
11 BRI

SRR WA (Vaccinium spp.)  RAil T A 1T Y5
™ ¥ 85 9B ; Folin— Ciocalteu iR 7] IR A= 98l
A MRATF ; CHR R PEFUPEE (Dp—gal) , KRR
BT (Dp—gle) , RIH R P HRAHEE ( Dp—ara) , &
A FUE T (Cy—gal) , R 23 AP (Cy -
gle) , RABGRBTRAABETT (Cy—ara) , BRA AL R
FLPH (Pet—gal) , 555 4 AL R WM (Pet—gle) , 5&
AL TR BE H (Pet—ara) , A7 245 K 2 ZLPE
(Peo—gal) , A5 K MM 1 (Peo—gle) , AT 245 Z B Hi71A
BETF (Peo—ara) , 25 P FLBEH (Mv—gal ) , #1325
P (Mv—gle) , MR ZE R RO (Mv—ara) i
F HAS Funakoshi 23 F] 5 Z i (L il2l) € H Tedia
ONELBERR (I al) R TR Ak 25 R A BR
N A) s HR (AR RE 21) F1 O (WOFE BT 2l ) 1
THERE Merck 23 ] 5 Hoe 50 34 S B 7= 43 #r 46 .

UV-1800 #I3J6oL i+ H AR B H A Al
PB-10 %I pH it FE £ F| #r 4 7] ; Biofuge Stratos
Sorvall B & = & 3 ¥ %R B O ML Thermo Fisher
Scientific 2y 7] ; FS100S A w2 ML ) M 85 05 UL I 75
FTBRAA T LC—20A B (I H A B 7R 2
w3 BT I HPLC-MS/MS , #E8 =15 B 5e 2 vl o
1.2 SEWHE
12,1 fEEGIFAISEEH SRR UEE, A AR A
e, FRIBUBT IS IR Al S g, J 100 mL 50% (v/v) 1)
LEE(E 0.5% BYELIR ) B A5 P2 B 10 min, 7E 4 CF
5000 r/min 2.0 10 min, JLHE RS HEEPE K, & I8
A o
122 fEETFESRGIE S0 Gusi M A1y
Ty, BOAE AR BR AR DU ARE &, 4350 A 0.25 mol/ L (1
KCI( ¥ Eh 2 9% &= pH1.0) F1 0.4 mol/L ) CH,COONa
(HeERFR VR 28 pH4A.5) R, IR G350, = IR R L i &
15 min, M 5E 510 nm F1 700 nm &b A SGIE ., BT
& (total anthocyanins content, TAC) 4 < 22 4 22
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—3-FABETF R TR WTF AR
,E'\Tﬁﬁﬁé\i(mg/kg) = | (Asi0am = A200 } pHI —
(Asigmm = Asg0m ) pres XM x DF x V' x 1000/ & x m x 1
o M Ry 5% 2R 35 25— 3 — 4 A 0 1 BE R T
(449.2 g/mol) ; DF Sy Fi BEAGEL; V 2y 38 O B AR R
(mL) 58 5% ZE 35 22 — 3 — 4 44 B8 1 09 7 24 BE R TE DG
ZAE(26900 L/ (mol-cm) ) ;1 2 1 em SEFE HEAA L ; m
WFERE (g) o
1.2.3 HPLC-DAD i Te a4 & Nk
LC - 20AT ( H A& & #Ht) ;5 4 3% £ Kinetex Cy £
(150 mm x 4.6 mm,2.6 pm,EEIEZ []) ;A shtd A
N 1.2% WIBERRIS W, i AH B S NG . B BE U i 72
JPULER 1, BARE G Z RBP4 15 min, SFAEED 10 L,
Wi 0.5 mL/min, K93 K 520 nm, #E3& 35 °C, 4
Bk S o AT B O 09 & i, FREG— 2 i AR
WE S, 435 A R B AR, AR IE T BTR AR , B AR R
BRI, HPLC 43477, AR 30 AR 7 o 1% e B8 e T
2R I 2R, ARt e BEYG R o 2.5~100 wg/mlL,
1.2.4  HPLC-MS/MS %L 47454y HPLC-MS/
MS 437 8 BF A6 1 1 4 il A A S L RS 1260
HPLC ( 36 E L8 A F) ) Hh B AT B 5L amaZon SL 25
FBE A (B EAT A A ] ; (A5 A : Kinetex Cq
AE(150 mm x4.6 mm,2.6 pum, EEIFEZ 7)) ; FishAH
AR 05% W —FOMREW, LA B RN #HE
VENRAR T WLER 1, B4 5 Z A5 15 min, JEAE &
10 pL, %t # 0.6 mL/min, & I 3% £ 520 nm, #E &
35 C i s e miss i B B8 TR (ESI) , IE B 7
I, HHEGVER] 100~1000 u, BYE HLE 4.5 kv,
ZSAbAR 77 1.5 bar, TR 220 C, TR
6.0 L/min,

%1 HPLC F1 HPLC-MS/MS [ BE v i i

Table 1 ~ Gradient elution program of
HPLC and HPLC-MS/MS
t(min) HPLC t('min) HPLC-MS/MS
10.00 8% B 10.00 8% B
25.00 10% B 55.00 18% B
55.00 16% B 55.01 70% B
55.01 60% B 60.00 70% B
57.00 60% B - -
1.3 HIESHR

JYRIE R ] SPSS 18.0 FAFHEATGE i o0 AT, 52
Y d A = SR LIS = bRifE2E RN
2 H#HRE5SMH
21 FENMAEESSHEBHESENNTEN
ANAEF SO & AR ILE 1. A
fief 2T 2 52 U B B, dE A vh AL T RS R, BEE
A BB, A6 S G AR, 4B O T B
WA R R AR Bl K. WA TP B £ 2
TESLLT I3 55 S B B & i, TR I & 7 B Be A il
Fhe e Ha MR, BAEOH & 51k 2827 me/kg,
SEMPLLIANG 7.7 A, AT ST AR R A L
PO UAE AT F W 2 ETHE S X 5T
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blueberry during the ripening process
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KBRUESH PR B B[R R 2 o DA 106 2 AN 4 5
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WA B 7140 R K AU RRIE 25 - m/z 303, R
Frm/z 162 i w i s -F UM, m/z 132 Sy B4
PR ARG bR v i (4 % B B[], 285 45 SOREIT
AT LI WG 1 W5 2 TG 4 53 551 Sy TR HE R A FLME
T, G R AT, G R R PR . A Y
LER S ESRL, SR LR 2 FnE 2 Hog 11 R

WR SR

12 ) MS B8 394 WA 53 7 8 704, s ad k1 i
B[RRI HPLC 23 (I 3 ), 4 53551 SR A5 245 258 4
WEH BB 2E Z LB AT 2 R BT RLAFOBE B 2R R
HIHEH o AR RIS 1S MBI, ik
UL 3, Hop TRIHERE RS (Dp) 3 b, 2051 S KHE R
FCRFUMRTY (g 1), RIHeRT ST (U4 2) A KaHe e
TR (I 4) 5 R AR IS(Cy) 3 B, 5001
KRG FFUIETY (16 3) |, R 449 AT (15 5) I
KRR BTPAABE T (0 7) 5 B2 A 4628 (PY) 3 Fh,
T3 A I AR A AR FURE Y (U6 6) |, RR AT A L BT
(U 8 ) 5% 2% A LB BT 1 AR M 1 (5 10) 5 AT 25 326
(Peo)3 Ffr, A5 2 FFUBEH (15 9) , AT 25 AP
(U 11) FNAT 24 2 Bl 57 AR B 1 (8 13) 5 4 2% 3R 26
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Fig.2 HPLC-MS/MS chromatogram of anthocyanins during

the ripening process of Blueberry

et AR Liu ™ A 53 S Al R R b S i T
11 13 FhAE@H, 7301 CHERE 32 R AR 52 Uk
AL AT A IR TE RIS, X G IRATL R AL
{H Nicoue " &5 MERES 1 5389 %52 T 20 FRAE AT,
R T IR EN A = AOBE T T IE RS 5 RAE T, b
FEM T R R ORI R L T O R

K2 WAPRAEOH HPLC-MS/MS /) B4 E 45 R
Table 2 HPLC-MS/MS results of isolation and identification of anthocyanins from blueberry

-5 PR B i [1] (min) ATET M (m/z) ST (m/2) FRHR (m/z) bR
1 26.0 465.1 303.1 162 Dp-gal
2 28.8 465.0 303.1 162 Dp-glc
3 31.6 449.1 287.1 162 Cy—gal
4 32.8 435.1 303.1 132 Dp-ara
5 349 449.1 287.0 162 Cy-gle
6 357 479.1 317.0 162 Pet—gal
7 38.1 419.1 287.1 132 Cy—ara
8 385 479.1 317.1 162 Pet-glc
9 40.9 363.1 301.1 162 Peo—gal
10 42.0 449.1 317.0 132 Pet—ara
11 44.1 463.1 301.1 162 Peo-glc
12 44.1 493.1 331.1 163 Mv-gal
13 471 433.1 301.1 132 Peo—ara
14 47.1 493.0 331.0 162 Mv-glc
15 50.2 463.1 331.1 132 Mv-—ara

T Dp- WHERIE ; Cy— R F s PB4 4R 70, Po- AT 24 R Mv- 43 25 3K s gal - P UMY ; glo— B MY ; ara— FTRLABE Y
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Fig.3 HPLC chromatogram of anthocyanins during

the ripening process of Blueberry
7# :1-Dp—gal ;2-Dp-glc;3—Cy—gal ;4-Dp-ara;5-Cy—glc ;6—Pet—gal ;7-Cy—ara ; 8—Pet—glc;
9-Peo—gal ;10— Pet—ara;11-Peo—glc;12-Mv—gal ;13— Peo—ara;14-Mv-glc;15-Mv-ara,

FRINBEEFUMER R 438 N Tl FLE T R A
AETN e FUME 1 B 22 A AE TN E O Wl R 22 A AE L T
AP AT T B RTRAA R T2 R L Tl
SEFUBEH 2SR AW OObE, X UL T AR P Ty
I H RIS 2257
23 AEMAEESHEBHASNEERSHT
FR3ATLIE Y, KR R B AE R A
EIEMIRZE RIS, By 2L I ) 5 JR D) 5 i — L R Y

KH, 53 A 54.58 me/ke B9 K F) 73045 me/kes
44.56 mg/ kg MWK 5| 578.77 mg/kg;57.92 mg/ kg HE
#] 402.30 mg/kg;49.58 mg/kg 1K Fl| 858.03 mg/kg;
MRGEREIS, NI4T B 5 i i 2 0 K,
AR CESS S8 Cicng - Sl N & 3 0F S EI P - S
FERAESE LT AR A I K R A R ST
B WA R P LB Se & a1, ey 20 ) 5
B BB 53.59% |, imik 5 T HCE BT, I

H 3 URESLS I R b A LA K s

Table 3 Changes of anthocyanin components and their contents during the ripening process of Blueberry

WiH WL (mg/kg) i Z1 I (mg/kg) 4 (mg/kg) S8 (mg/kg)
Dp—gal 23.88 +0.48" 63.95 +1.35" 320.25 £9.04° 366.45 £15.17¢
Dp-gle 16.50 +0.10° 32.16 +0.73" 149.70 +4.23¢ 207.10 £8.47°
Dp-ara 14.20 +0.38" 29.20 +0.79" 124.63 +5.10° 156.90 +6.84°
Cy-gal 125.34 +2.25° 215.48 £3.67° 360.03 £7.55° 269.55 £11.16"
Cy-gle 40.72 +0.64" 86.52 +1.76" 170.70 +3.87¢ 166.09 +7.33°
Cy-ara 72.58 +2.01° 11422 +3.44" 184.65 +6.14° 153.77 £6.55°
Pet—gal 19.58 +0.30* 49.46 +0.84" 169.50 +3.21° 262.75 +10.38"
Pet—gle 15.00 +0.36" 35.56 +0.90" 127.18 +2.41° 223.95 +9.16"
Pet—ara 9.98 +0.19° 18.78 £0.39" 56.20 +1.65° 92.07 +4.17°
Peo-gal 24.26 +0.39° 51.18 +0.63" 107.63 +2.11° 143.99 +5.77°
Peo—glc 22.92 +0.31° 55.74 +0.52" 129.93 +1.94° 210.25 +9.23¢
Peo—ara 10.74 +0.71° 16.34 +0.31° 30.50 +0.48° 48.06 +5.25"
Mv-gal 23.12 +0.24° 51.80 +0.57" 154.45 +2.15¢ 377.16 +14.19*
Mv-gle 14.96 £0.15° 39.26 +0.55" 12775 +1.71° 334.37 +14.06"
Mv-ara 11.50 +0.12* 20.48 +0.35" 57.70 +1.39¢ 146.50 +4.26°

TR TR AR RN 2257 B35 (p <0.05) o Dp— WA RIE s Cy— R A4 R s PR A4 46 Pn- AT 25 3 Mv—Hp 95 3K s gal 2 5L

W s gle— B AT ; ara— BT R B,
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