94 2017, Vol.38, No.23 =St EA XIERIIESE

s

&=

in IR 2 b A B PR Y
T 5 5B
BERA, LMY, E O, RN, REE, e

CLEREE e A 52 TREARE, IR 400067; 2. H R K a mRl2: 5 TR, HR 2200 737100,
3UFTEEAR BB E G O TR AT, B AW 832000)

i B IEEN PRI B W BRI T AR BT AR R K ARSRIRAT AL T4 AN A RN
MRS FP C gl . CEUREER . CWEEET O B O K3 AEEVE (T I D S HUERE SR B
PR . DU AT R ATEPE RS2, FEIEId 32 B4 /M2 (principal component analysis, PCA) T 5 15 %5 A [F]
w2 5 BT o AT R AR (RN DG I o R TE I, W A P A R A B ] B A R P e A AR AN ], O FL 4
IR VO Fr BRI AR A TE 1 B2 KT B 52 s PCARK s B A 1 o SRS 7R 1 % iE 8 )R . INE IR
FUAEFEINRE AR, e AL EURGEIR SRR SRR RN ARSI VR R A F AR SRl . AT ORI A
6 E A0 TR AR A T B AR A

RBER . SRR WA RCGAE; ERARRRME R BUEdls BT

Assessment of the Differences in Physical, Chemical and Phytochemical Properties of Different Blueberry Cultivars

Harvested at Different Dates Using Principal Component Analysis
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Abstract: Different blueberry cultivars and maturity are important for blueberry color, quality, phytochemical components
and physiological functions. The sensory quality, phytochemical properties, antioxidant activity and phytochemical
components of four different blueberry cultivars (‘Anna’, ‘Baldwin’, ‘Gardenblue’ and ‘Plolific’) harvested at three different
dates (I, I and III) were investigated. The correlations of the investigated parameters with cultivar and maturity were
investigated by the statistical approach of principal component analysis (PCA). Results indicated that both cultivar and
harvesting date affected the analyzed parameters and cultivar had a more significant effect on VC content and antioxidant
activity. PCA scatter plots showed that the blueberry samples could be clearly classified. From both nutritional and
physiological points of view, ‘Anna’ and ‘Baldwin’ were the best cultivars for processing and the extraction of active
phytochemicals. These results can provide a theoretical guideline for the breeding, processing and application of blueberry.
Key words: blueberry; cultivars; maturity; physicochemical properties; total polyphenol; antioxidant; principal component
analysis (PCA)
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W% (Vaccinium corymbosum L.) , PEAN N
B B THEIER (Ericaceae) B8 (Vaccinium)
ZFEEE M ECE SOERMEY), AT EIE . A R
WA, 4 E bR %5 P 2> (International Blueberry
Organization, IBO) Fit KM, fEid M0 4N, 2ER
R (R T R AP J4 34 20% ~ 30% 03 34484, 2016
M, AERIERE A EE62.9727 t5 AXEREE AR RS 1) L TH AR
£ H120054F194.2 5 hm® & J& 2 H #7197.7377 hm?, $4)1
T 84%. [ AR D T 201 Z80FEAUH ], 211k
LA TIGHE,  H AR A A N3 499 hm®, R
R, BRRELTE ST R. 2. HEH%
tEw . 20, dER. TS, BN ARGk
71~ B P, Bk R A Bl R |
PR ZEZ ARG ED R, R, i, A%
AU BT R R AT, gt RRR LR N
KRR —

WA RS BREEAE 2 A0, I TN T AR AR R
B, Goissem. oRk. R, R, RYIULECRNR
. . &S DIRURS KHPUEARE T 2 VP
WA R ) EE by, R FEEZAOT. Z2HE
FRATRGME, R DR EEZ AR SR, A A
Y R LBl AR R R E AR A K
B A B SRS T S A AR A PR 2 B

HA, WA BRI im0 EAE FR BN
REREAGEMENKRZ — TFR, M5 T &
P AR R EER. (HIZ A ik, % T il bRl 24 B0
WE A O BRAK Ry S Dy B il o s el P 4R B R B A
Rl , VAT I e S S0 & ohn A& M, i R
T ()4 AN P I WS A i PR AT e T . I LR A
[F] S AR ARG (R Ry B, BP T I, 1D %
R BRATEAR . DhRS R PUEATE T, YRS
[FE) it o 0 S 288 R 6 T ) Jot 22 e M o IR o 43
M1 (principal component analysis, PCA) J5iE4 4T | W%
s o R S A PR o FL AL R I R R, X W R R I
FMRJEM T EATRFE L.

1 MHEHE

L1 MEERA
WA N RIR TR A S AR . A R

i’ (Anna, A) o MREEE.  CEUREE’

(Baldwin, B) . ‘[id#’ (Gardenblue, G) fl ‘B
W’ (Plolific, P) ; H. "o BRI (kxRN
. I 1D B35 T20164E6 H ¥, 7HHIMSH %
BT IR S (SR R A e B d I, Lk
I3 MR KA KA —F0S5 A SRR ) .

ILEHE. EMEETFR. REWHR-3-HERET.
L,1- 2R -2- =&KX (1,1-diphenyl-2-
picrylhydrazyl, DPPH) . L-BUINIMLER; #&MK-).
KEMVE (6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid, Trolox) . Xf — H &%k kg
(p-dimethylaminocinnamaldehyde, p-DMACA) . ZJi&
(thiat) 2 E Spectrum A ;. FeAthAb 2257135 9 E
FEOTAL; BT KGR IK o
12 a5 RE

JYL-COI12RLEENL  JLBRM AR AF: &k
BNl R ESBALIE R AR DHG-9240A HL#AE
BT 54 . DK-SD=FLH MR KM BTk
LABWARAT; WYSWFREEEE T TR
IS ER IR AT ; PHS-3CRIpHT  LFFACH RN
BRI RAT; CR-400BIEZEMN  HAEREE AR
CT3-10B i # 4%  FE[EBrookfieldA @ ; UV-2450
AT WA G SRR B HARREHAF],
1.3 Jyik
1.3.1 WA R AL EE

W BRI GB/T 8855—2008 (e /K AN 252
BURE i) Y, TR TA] ot ol 2 S S R A i P R 4y
I T4 CHEMD, FoRism. HEGR, EEX
AN RSB SI T EE R ST, DRI R bR T e
R R, —18 CHRMRAE, MEHALIEIR.

1.3.2 N[A] S b B il A W A SR SRR S . B AR
bl

o BRSO PR R FE BE L E20 NIRRT R
[, W& H R E 2 b A 3 5 B3 A AL LA
a*l; BEHLECI0 N AR RS, USRS RIE L B2 A xf
FRER A e m s WA R ST, PR EE R
D5 AT 4 (total soluble solid, TSS) F&!™, H
pHit- I EpHE; Wi EFfR (titratable acidity, TA) i
WP E 2 IGBIT 12456—2008 (£ & v s g () 5 77
) U FERRE AR EITSSIE STAME Z ey VC& &I
EZHGB 5009.86—2003 (#E3E. A K H i fhHa bt
W ER e ) U
1.3.3 AN]SRl B Rl A R WG 2 R SRy BRI .
W3- fEEE . JEIEH R

YT R R SR E, ATAE T IE N HL
20 g R, IIAN200 mLARF 4> $080% .1, A HR I
25 minj5, T4 °C. 5000 r/minZ& 020 min, iE
T —4 CIEEEH .

Sy & B 52 K F Folin-CiocalteudE: M 2"y DLA
BETIROEEER (10~150 mg/L) brEdZk, S
TR LLEE100 g BT EEAE S A R R TR (gallic acid,
GA) MEFRR (mg GAE/100 g)
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MRS R A ek Y, Bk
RS = L1000 g ¥ EBERE S S B M LAEE  (catechin,
CT) ¥EF/R (mg CTE/100 g) -

MEGE-3-TE S KX Hp-DMACA LI 2™,
R -3 A B LLRE 100 @i B AR B S A CT M R RoR
(mg CTE/100 g) -

T TF & B R FpHE /R 2750 ™, TS &
100 g#T A o & R ZE 2 3 -3-Hi % BB (cyanidin-3-
glucoside, CG) HEX/R (mg CGE/100 g) -

JEAEHE R AR A - Sh R e, FIEE RS
HUAE100 g RE i S A CTL EFR (mg CTE/100g)
1.3.4  AN[R] b B bt FBE W A AR S e S A v R DU
1.3.4.1 BB R 100 e

B3 FIRJERE ) (ferric reducing antioxidant power
assay, FRAP) [l & 2 % Benziei %" 71k, W
100 pLE & %, MA1.8 mL 2,4,6- = (2-MEme 3E) =8
(2,4,6-tris(2-pyridyl)-s-triazine, TPTZ) T{E# (H
0.3 mol/L 25 mLAESMREh 22 K (pH 3.6) . 10 mmol/L
2.5 mL TPTZE W« 2.5 mL 20 mmol/L FeCLiERZ )
A JE37 CIRPE1S min, 1593 nmi A bl e ot
Asgsomr Asos i, RUIEEF ML SR 4550
mmol Trolox /100 g5 .

1.3.42  DPPHH &R AE S 19 E

Z#Liu LixiangZ™ 5347, K4 mLEIDPPHZ
BE K (DPPHFH95% L BERCHI A 10 mol/LIMEHD 5
500 pLIERE R AT JE, T517 nmis K AW @ o't &
Asiyome 255 Plmmol Trolox/100 gk IR .

1.3.43  FHEBEFRAE I 00E

SRR ISP EI A B M. L EE T
BRI 10 mmol/L[¥JFeSO, A1 mL 10 mmol/L/K A% »
PR RH 1 mL, &5l mL 8.8 mmol/L H,0,,
37 ‘C N30 min, PLZEIEKIESH, 7E510 nmi KAk
WG EE, I BSOS 2 B F R 2 a3, g5 R R
mmol Trolox/100 g7~ -

14 HdEgitabr

SEIGHIE LAx £ sRx (n=3) , fDuncanikit1T %
R (P<<0.05) , Origin 8.0% 47 /E A,

XF AN TR it P B R B 0 R IR L B (LA
afi. M) . HALIEAR (TSSE=. pHE. TAF&EIK
fE. BRI VCER) o ThERy CEmy. RIS,
MIERE-3-BE . AT HEAE R SEMPUALENS
(FRAP. DPPH [H H 535 B e I fE B AR BREE 1)
B HEATARAELL AL B, SR ASAS 8.28 /4 ' PRINCOMPiE
FEXT HE 3 1TPCA.

2 ZR5HH

2.1 ANIE] A R A RE A KRR i AT AR

®1  ARBMEEHREEENGERER

Tablel Color and firmness of four cultivars of blueberry fruits at
three harvesting dates
I it PRI L¥H a*fH 1) /g

Al 35.73+£1.22" 245+0.11°  0.45+0.06'
79 All 32444178 2.55+0.16"° 0.47+0.01¢
AIlT 33.45+1.32% 231+£0.22° 0.4940.03*
FHIME 33.87+1.69" 2.44+0.12"%  0.47+0.02°

BI 30.23+1.56® 1.3440.08°  0.56+0.01°

BRI BII 2945+091% 1.76+0.12"  0.61+0.02°
BIII 30.54+233"  2.114+0.08"  0.60+0.03"
FAE 30.07+0.56° 1.74+0.39°  0.59+0.02*

Gl 33.28+1.98° 1.98+0.08° 0.45+0.01"
‘pE s GII 32.56+2.11" 1.76+0.12"  0.48+0.03"
GIII 33.48+3.01° 1.80+£0.17" 0.48+0.06™
SPEE 33.11+0.48" 1.85+0.12°  0.47+0.02°
PI 31.24+0.89% 0.98+0.11' 0.5140.03*
‘B PIl 30.92+1.73  0.78+0.07 0.5340.05
PIII 3176 £1.65° 1.22+0.03"  0.54+0.02™

P¥ME. 31.31+0.42°  0.99+0.22°  0.53+0.01°

T FAE T BARRREREE (P<0.05) ; R kS5E%E
TN A R 5 R 2 S s /NS S R S [ R £ R 2
teo T,

PSR (LHE . a*{E) RO 2 i 5 L 5 iR
PEERE M E B R AR, LM RN RLMOEE, o HRR
R ROV R AW . R ITTR, AN A&
R T R R AP AE 22 5o AN [ b b W R L+ o) A
7£29.45~35.73 2 (6], Frilld A~ i i) W5 A a5 3 0 AT 4
0.78~2.55, FEHINIEME; H AL FIMEFa*F 35 1H i
KIFBA 22, L=F¥ENA BRI,
a P EER/NN B s ARBEVER R .
‘B WMLELEEMESR (P>0.05) , L ‘EKR
TR SR aE 2N MR BT, AN H
i P S AR L+ H o (2 K. o FREEE =, REE
A RE BIBE N, AN [ it P R3S S I D B

F2FRU, AR SR S R BE I AR R S E FRANE

H—EER. ARSMKERTSSS &: ‘WK >
‘EURMEE > ‘BT > ‘w#@ . pHEZERAR

% (P>0.05) ; AESMPERTARERE: ‘%
o> CEUREET > ‘EIET > ‘R . PEERSE
FRAAFE 38 N, TSSE & MpHIEIZH I, TAJR &K
JERMVCE REMK. deoh, WREMSF ‘228 . CBER
R . ‘T OMm CBEE MVCEEFHES NN
(86.01+2.12) . (71.08£0.66) . (52.03+5.54) .
(68.34£0.82) mg /100 g, ¢ ‘E/RfEE A1 ‘EiE’
FIVCEHEBEERALZE (P>0.05) ; &R I3 A
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FEX REFIVC & B A g b, BB A i Al VC &

AP YNS piE DEA AR
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Table2 Physicochemical properties of four cultivars of blueberry
fruits at three harvesting dates
[ TARBIRE e VCA
WAL FY RAE TSSHE/ Brix  pH (L) R (mg /100 ¢)

Al 5781023 3434002 78140210 0.73+0.02" 87.34+122°
g Al 591+031% 3454001 7.19+0.12° 0.82+0.08" 87.12+1.31°
Al 645+0.12° 346+0.11° 6.00+0.07° 1.07£0.03* 83.56+1.81°
T 6.05£036° 3452002 7.0040.92° 0.87+0.18" 86.01+2.12"

.., BI 6.11+0.63 3454007 6.78+0.12° 091+0.13% 71.34+243
{Eﬁ‘ BII  6.23+023% 347+021" 6214032" 1.03£0.07° 7033+2.18"
BII 6294013 3484002 6274041 1.01£0.03" 71.56+1.89°
FHE 621410.09° 34740.02" 642£031" 0.98+0.06° 71.08+0.66°
Gl 7.08%£0.03" 3.35+£0.03 555£007 127+001° 5843+321°
EE GIL 745+031° 3434007 4784023 1.56+0.03° 48924123
Gl 7.824£0.06" 3444003 432+0.13" 1.80+0.06" 48.74+1.85"
T 7454037 3414005 4884062 154027 52.03+5.54°
Pl 5754008 3.50£0.02% 5780417 0.99£0.06" 68.34+2.18"
EEET P 6.04£0.02% 3.514£0.04" 56910327 1.05+0.02" 69.15+1.27

Pl 649+0.11° 3.784+0.02" 5661008 1.14+005" 67.5242.11°
T 6.091037° 3.60+0.16" 5711006 1.0610.08" 68.34+0.82°

2.2 AN[E) A R A W

R3  TREFMRRERZHIIBRG & BRI AT
Table3 Active constituents and antioxidant activity of four cultivars
of blueberry fruits at three harvesting dates

(K1 Dy 7y

K& aye  SWEW O DRMESE  DERIEGE  REERE  RERESE
* (mgGABI00g) (mgCTE/I0g) (mgCTE/I00g) (mgCGE/00g) (mgCTE/00g)

AL 4462200 HSEE3 BRI H04SELSE 1023447667
A BATSRAAN B6TIEISY S0 48B3 13RE6TT
Al 33802092 45014324 3617203 MLBEAES 145372699
THE 30708548 4042563 353510810 405094538 1169822459
Bl WML BSAULLOE MO0 AETEETT 1234519.06°
{Eﬁ? B 276904721°  75454381° 30861243 425612625 1021£588
BII  28346%323%  30256£05F 31202000 4371934834 134864491
FHE  9068° #5488 30812045 407kelst 1261727700
Gl 20189617 3564E676 1989387 46896467 89.01+564
TG makamt o 32IEL 199040390 4194219 88232687
Gl 1361289 36722039 07522010 253084291 9437+726°
THE  203+184°  36036608°  2018404°  47ISE6O°  90.54£334°
PL 30935546 MBIELTY 2689R001 303264839 167441211
BEOPD 30875341 MLAET 2013 3035510230 165304830
PII 3IL81EL90° 287903086 20904001 3112721120 172494103
THE  9935165° 823825010 2274055 06031454 168424368

&%ﬁ%L‘ﬁ%’mﬁm@ NSE 31 N c
WhE-3-ME S R CEURER R aEm B
*%TE%AE%E,%HKEWMFMMM RIUR)
ROy & BB RO IRk . AN [ O A S T
I3 Ai1E207.43~334.75 mg GAE/100 gz [7]; ‘[’ &
By, BERE-3-FE. EEHFMEETRSREORIK, ‘B

B RAEMARRIC. FRGHERE NS
1IN

5, KEFRERAL, =W WRHTE R
SwEFE, WENINL SR HFIFR.
2.3 NI R R W A T R A
- A,
§)1‘4- b b pO1 =l e
3 1.2k cc
< 10 add
£ 0.8
2 061 e § 2
Eo4t
g 0.2}
é 0.0

B
Rl B =SS
2o 16 LB od gebed
&S 144 f L ef
LR 128
#2110k ggét
He 0.8F
mg 0.6f
o E 04F
& Eo2f
[a) 0.0 1 1 1
gl CEURMENR R B
i i
HH

Lo ©

o a ol =l =0
Sm1ap 2R b
@8 12r
&% 10r ddd d
L2 0.8 e
#E o6 L
o
o g 04F
i E 0.2F

~ 0.0 I I
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A.FRAP; B.DPPHE 2% r?ﬁm CHEH HEEHERRETT -
H1 AR EEEAAEE
Fig.1  Antioxidant capacity of four cultivars of blueberry fruits at

three harvesting dates
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TR B FLiE M OO B S A 2 R AL A s . T
B, 783 DA B, FRAP. DPPH [ HFLi5 A8
JIRIFE H B RE REE I S 3 2 iR , TEESTIIRR
BB, mEmE B s X TREHEEREE
ms, ‘Bl WM3MBGAERGZHERRK, ‘%
W3 A EREAE T, BT B R R H -3
MR T RS ERE, HEEST LA &
(P<0.05) ; TEFTAFEMT, 288 1
RER-3-E SRS E ST R — R 5 R
(P<0.05) , TR EY AR be-3-Txd W5 A i B b 1k

TR, EURTER IIPTRAOKT S SRR Bl
WAL T b2 S Fh e BEAL, ANETRT L, 4 ANEEAE A

XU R AR S W KT 25 R RIS
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Table4 Eigenvalues and variance contribution rates of first three
principal components
ESD Wi FHIEE T7 ZETIRE % R ZTRE/ %
PC1 8.638 50.81 50.81
PC2 4912 28.90 79.71
PC3 1.781 10.48 90.19

PC2 (28.90%)
i

PC1 (50.81%)

] o EIETTH
i st o e pH

PC2 (28.90%)
o
o
1

0.6 dusitie . o 2o o L
os] T A

- 1:0 T T T T T T T T T T
—1.0—-08-06—-04—-02 00 02 04 06 08 10
PC1 (50.81%)
AZETPCUPC2ERIT A BRI SPCI/PCHIME M AT o
2 AR R B B A B AL O PCA SR
Fig.2  PCA scatter plots for four cultivars of blueberry fruits at three

harvesting dates
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MAEE90.19%; HrhPCIMPC2 W T JR 1A K45 $2 1L 15
BEEMT9.71%. ik, #ix2 A FE B 1E e ik
ERRRENSGGLE. FRANAHEBR O 220 |
R WO CCEIE D MREJE (I,
T D 868 FR AR R 0 3 B PC/PC2HIUS B, AN i
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RRESE 1. I, 1D W% R a4 25 E2BANH A
PCAMHERALREPE 5PC1/PC2A 40 A s . PCLA
PC2/E AN AR, PC13R /s ] e B K AR i A%
i T A RR LAY, PC2ARRERE AR AR A0 o Ll A3 o
KE)FARRE Sy, PCISERVREHE. hE2m I, e
PERRE @R PR R T T (FHRFRBRAN) » MIHRUE S
T RET Loy bl (R 54
AftE—8 CEFATMD o 2 fobh it s s
AprEE R, T EURMER B AR R E-3-RE

B, BT UL, B IR M A BT RE A RE
Koo SRR ORT CEEUREENLT R B AR I AR B
T PR FH AR R

3 4 ®
KWL T4 MARARRMEMERSHM (%
g . CEURERS M CEET D &H3 A

RRAFE CT . I OD X HBE & (LE. a*fH.
MERED « ERALTEAS (RIVEPEREEY) . pHAA . W &
R, BB, VCEE) « Il s Ry, Bk
i . BB BE-3-BE. (LT MERER) MPrEILs
P (FRAP. DPPHH &R e /1 A2 H 5535 bR Ak
710 WIgm, JEPCARATL G M, SGRERT
Sz RN ELJRAENE SRR R B I I TR B B
PE Ry AR BE b Fhs T B AR 0 385G B Pl EGE VR N T
M5, T2 MNEARTE I 5 P Ak D) Be M X0
A it o R S R AT I H%

SR
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