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Evaluation of Blueberry Fruit Processing Performance Based on Raw
Materials and Juice Quality

ZHANG Sumin, YANG Wei®, WEI Xin, LIU Cheng”

(Liaoning Institute of Pomology, Yingkou 115009, China)

Abstract: The fruits of 12 blueberry varieties cultivated in the open field in southern Liaoning such as 'Bluegold’, 'Reka’,
'N5' were used as test materials. The best varieties for processing were selected through the analysis of fruit appearance,
nutritional quality and processing performance indexes. The results showed that the blueberry fruit was mainly blue, flat
spherical in varying degrees with bloom, and the single fruit weight was 0.95~2.63 g. The fruit contained more than 80%
water, the larger the fruit the higher the water content, and the more flat. The fruit contained fructose, glucose, oxalic acid,
quinic acid, malic acid, shikimic acid and citric acid. The content of fructose was equal to that of glucose, and the content of
citric acid was significantly higher than that of other organic acids (£<0.05). It belonged to fructose accumulation type and
citric acid dominant fruit. All tested fruits varieties contained potassium, magnesium, calcium, iron, manganese, zinc and

copper, and their contents decreased successively. The potassium content was the highest (5786 mgkg'), which was
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extremely significantly higher than other elements (P<0.01). The potassium content (7400 mg-kg ') in 'Darrow" fruit was the

highest. The juice yield of different varieties of fruits without pectinase treatment was very different (the coefficient of

variation was 60.42%), and the difference of juice yield of pectinase treatment was very small (the coefficient of variation

was only 3.88%). The juice yield and the content of soluble sugar and titratable acid of fruit juice were significantly

improved by pectinase treatment. Pectinase could improve the yield and quality of fruit juice. The higher the content of

fructose and glucose in fruit, the higher the content of soluble sugar in fruit juice (correlation coefficients were 0.96 and

0.98). The higher the content of citric acid and quinic acid in fruit, the higher the content of titratable acid in fruit juice

(correlation coefficients were 0.81 and 0.71). The soluble sugar (>90 mg-g "), organic acid content (>10 mg-g"') and juice

yield (>74.6%) of 'Sunrise', 'Bluegold' and 'Patroit' were higher, which were better processed varieties. In conclusion, the

fruits of 'Sunrise', 'Bluegold' and 'Patroit' were rich in nutrition and high juice yield. They were ideal raw materials for

processing.

Key words: blueberries; fruit; fruit juice; processing performance; cluster analysis; principal component analysis
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1.1 #MR5SEE

WEEAE 12 DNEEREAL PP 1D R
WFSERT, 4 °C Wik ImBiig . 6RAR . AR . iR
TN Ot N el N A R S L7 7 N ES 25T
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FE A (04 A i TR S Al il Hh s s SR it
(7% 4400 PGNU/g) L HE Laffort 23],

ME204E J7 432 —H,F K B LR A
Al; DHG-9146 A S XTHEFE LIRS 225000 i 65
PR Milli-Q #Eali/k 5240 95 [ % 1L 7] ; RI-

101 BRZEPrCAEINAST AT TR (L)

A BN F]; Hi-Plex Ca, ZOBAX C,q ittt Z2HER
FHE A B2 ] ; Thermo ICE3300 J5L 1 W2 I G5 (X
B2 U-3000 MAH G REAY S EIFER CHRBHE A
Fl; LWY84B &Y VUi FIZ 4505 s MB-
1001 ZINEEESINTAHL 2R SRR asA BRA ],
1.2 KWHE

1.2.1 ARSI PEEA R E A 1L T A SRR R
WS TG b, 8 MR RE, s 5 a, 3198 AEUK AT
HIA ST 3030 2020 445 Ah SR S liad
HWRAE TCHUARATR HA%3 35 I R/ I . @385 A7
BRI W SRS, SR S5 S BT [ S a5, ARG &
AL E T UKFA 4 °C S5 IR, XTHRSEA/MIL . B 37
b SR T A RBAEFE AR ORI . 5347 -

1.2.2 RIGEAR FIUHUEbR R RO G SR S AR R
1%, BRI B=R e/ RS iits, 3 RIEFE B/
B R SLTEAR ST Ak 3 28 T BRIE, RIEHR%0 = 0.9; JmEk
JE, 0.7<59E+5%4<0.9; UiIE, FIEFE%< 0.7,

1.2.3 RardE FHIOPFRE S ST, $Oo7-
ST AR SR/ 5 28 /N, R T EE<1.0 g5 v
/N1.0g< AR E<1.5g; ¥, 1.5 g< AR E<2.0 g;
R, 2.0 g< FRTTHRE < 2.5 g; O, R FES2.5 g
1.2.4 RECgita . BBy SR EWE, Hob, Sk
Yz g hx MIE 5 NEEY.

1.2.5 JEE/KE SRAMTE, SA0BRSTRES
BT T4, 120 C 235, 80 °C #tT = 1HE, )
H, FKE (%) =(FER R T R0 &) /55T <
100, AR HoK S @ IR 432k 5 A 359 IR, & /KA
<82%; HIK, 82% < P 7K E<83%; 1, /K& 83% <
B K EE<84%; T, 84% < F/KHE < 85%; i, B/K R
>85%.

1.2.6 SREHE. MRS SRAHWBAHEIE S, FREGE S
L 10.00 g, INAGBLIZK (ATEHEEREBO 5% 0.2%
B A PRI EO JF PRSI 2K, 58 25 200 mL 25 &
I, EZS, SRR 15 min, 10000 r/min 25.0> 10 min,
VML 0.22 pm Bk . SR L SR,
VR 85 °C, glizKysliAl, i 0.6 mL-min™'c AGHL
FRAIN, A1 R 20 °C, FRBIAHN 0.2% HIIRBERL, i
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> 1.0 mL/min, K535 214 nm. Al HIEZ
AR IR R AR R E R P ] S AR A B . 5
Eb Ay BEOEAE AT IR OB B BRIRAE B FLIR P T o 19
EbAs]
1.2.7 R YocRSFE BT 0.50 g,
A 7.5 LSUERFRER) ERBI Y 60% 7oy S50 18 FI R fitd PR VRS
B 9 mL IZ¥IIE 1R, 300 °C g B SE R, A,
FIHEF OGS T8 . 85, 86, &k, 7. 4. 4
PR 53T o
1.2.8 iR HURSC 30~50 g, 5)3¢, BEURIK =
10 mL 25.08 , BREE, LA 0.002% 3% 48 4400
PGNU/g MR B EFAR S50, TR BURIE 2 10 mL
B, FREE, 10000 r/min 85.0 3 WK, ARSI, BR
L, R (%) =S Tm/ AR B < 100, ARIFSTIE
TS0 SR S Bl FAS S I SR JRe ity 2 S Ab 3, 3 5 EA T A%
T
1.2.9 Ryl abEe e SRATHEMGRE 2k,
1.2.10 RyFaleE SR o SRAHmRER a2 vk,
1.3 HIELIE

SCEGFR AR ULEE . W E TR IR, SR H Excel
2003 #EATIEAE R BN E, FIFH DPS 7.05 £
PEATEE 25 55 B e L A e RS s SR
IS
2 HRESH
2.1 AEIEEERSLINMEAR I

AL 12 A4S 54 R, SR IE 458 B0AE IR S 0.6872~
0.9287, H{E R 0.7673, L AN[FIFERE M BRIE, A8 5% &
%8 9.01%, Ut BHAS [F] W 255 i AP M SLOB F 5 22 T AN KR,
N HIEFEEIR K, < H H R, 4 A FRRIE R E0
TEHME, 5 33.33%, 8 NERFFEEIIELLT, 5 66.67%,
N4 RILFEHAKRT 0.9, ILERIE, & 8.33%, “TXF°HI

‘HHALTF 0.7, 2HHUE, 5 16.67%, H'E 9 4~ R
TEFEEE 0.7~0.9 Z 8], 2mERIE, 5 75%.

P F A 0.9452~2.6263 g, W{H N 1.7372 g, 48
5 REEAR 30.80%, Ui BHAN [F] 0 4% L R (A SRS /N2
SRR, iR R TR, LA AR, SR
FH2E 1.78 %, IRFL N RAIE, 5 8.33%, “FiE’. “Ai
HLE B SR P Sy P ORI, (Y 25%, dE4 . ‘H
WL B AT AR S T AR, 33.33%, <AL T
NS /NI (5 16.67%, N4> FHr£T4E A R/
TR 5 16.67%.

WA AW N E, 5 91.67%, WA/ HU
R, AL ARSI LT, [ 8.33%., R
IR SRRy, By LT E O AR, 5 8.33%, Hi
FoL NS L dE T, R H R B R
£, 5 50%, ‘N&REZE, 1 8.33%, “#ad:. ihF.
A B B AN SR P SR SR M A K E Ry,
33.33%(5 1),

22 ARIESRILEF@ETH

2.2.1 ANEEEERRSKSEFITIEEAR R
Tk EITE 80% LA I, Z1kYERESN 80.40%~86.47%,
PR 84.00%, AR FRECH 2.28%, FRBAAIE] M FE]
R E K i 22 ARV, Fn R S 7K dE i s, N4 AR,
EARANAHZE 7.53%, ‘iR AT B, b
TURGRFR K EAHXT RS, 5 41.67%, FEAHR SRR
R Ay i

Sk E AR IR o 34.6681~62.3215 mg-g ',
{E N 44.9443 mg-g !, R RZECHN 16.20%, F£IHA
[F S Ap ) SObE S 2 TR0, CH I RS E R,
A AR, SRS 79.77%, S EHNEET
Bk 6 AFFh, £ 50%.

S RS IR N 41.0370~69.8650 mg-g !, 34
B}y 49.5594 mg-g ', 28 B BN 16.49%, < H Hi %

E W e e S DV S TN

Table 1 Main appearance economic characters of blueberry fruit
A S|zt RETBAR HRH(g) A B, Pl
W 0.7508+0.0085¢ JRERIY 1.9650£0.3067™ h EREN %
SR 0.7913+0.0113° JRERIY 1.5186+0.2598¢ h EREN i
N5 0.7573+0.0032¢ JRERIY 1.3784+0.2514¢ RN I3 i
ik 0.6923+0.0102¢ BB 2.6263+0.1206" PN W, %
e 0.755140.0034¢ JRERIE 1.4916+0.0539¢ LRIN W, i
L 0.7353£0.0112° JRERIY 2.2895+0.5354% ik W, %
Rk 0.7140+0.0032° JaERIY 2.3593+0.1975% ik W, i
H i 0.6872+£0.0156¢ P 1.7072+0.1504 h W, o
N4 0.9287+0.0059° EERIY 0.96630.0590° /N W, LIE 2
B 0.8243+0.0096" JaERIE 1.5289+0.1003¢ h W, h
ARV 0.733120.0055° sk 2.0701+0.1232% hR W, %
bIEAREIN 0.8379+0.0052° Jm sk 0.9452+0.2518° UN EAN i) &
{8 (Mean) 0.7673 1.7372
brifE2Z(SD) 0.0691 0.5350
B RE(CV) 9.0056 30.7967

: FSIAR NG FRRIR 22 53 1.3 (P<0.05) s MR)/NG FRERIR 2 578 .35 (P>0.05) ; #2~K 50
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ZejWE O b e v, AT BT B BAIR, SR 2E 70.25%,
4 AP S AT A, & 33.33%, 8 AT A EAE
PIELLT, Y 66.67%

DBl 5 L AR IR N 45.79%~48.96%, i 458 5 L
ARNE R 51.04%~54.21%, mARAHZERS R 3.17%; <3
W R Ll R e, A NE L R A, e A 254
2.08%; ‘A1 ML Y& AR A9 0% o5 b s, SR O L AR,
FARAR 22 8.42%, 12 /- AbFH A P FlOBE 5 Hb 22 (8 R
2.08%~8.42%; FNHV-14 5 bR 47.56%, HiAHE -4
R 52.44%, FRARZE 4.88%., WA RIS A
S5 A A P R rT e e, B A Y, S e
EViiE T

AT SR e AR fRIE R 75.7051~132.1865

mg-g ', ¥IME K 94.5037 mg-g !, A F RZECH 16.28%,
<H HEOBE S i, A LI A, CH L NS
Fii R WA 4 AR S O I, 5 33.33%, J&
B e R AR (R 2)
222 ANFRSEEERILAVIRAN S &8 BRI
M SR, R & 78IRSy 0.2082~0.4225 mg-g™',
YI{H R 0.2082 mg-g ', ik, AR 3.64%,
AR RN 15.84%, WL HIR & S E, BRI
%, S EAERE L FA 6 ifh, £ 5 —F.

FERMR B ASIE N 0.2784~5.7758 mg-g ™!, ¥(H
S 1.5226 mg-g !, A EBRAY 16.74%, (IR THA5 1R
B, AR EECH 107.99%, T S Fha] SR S22 JE 1
T 2L E R, b e & e i, Hn R B,
FZE 20 5365, 4 AR E R E, 5 33.33%,
8 MIAP T EAEIELLF, Y 66.67%, Ui W AE RS
R4l & G, (B A /DR 28 Je g A, <db
TSR AR UL S JE AR R I R BT A

SER MR & = AR 1B N 0.3099~0.6270 mg-g !, 3
{HM 0.4789 mg-g ', 5 EBRM 5.26%, ZE 7 R BN
18.21%, 15 BH f R [R] SRSCSER IR & E 22 5, < H

H SRR Ottt e, AT BT B IRAIR, 8 AN A
EELL L, 5 66.67%, 4 S Fh S BAESELLT,
5 33.33%,

FETLIR B R A 0.0047~0.0614 mg-g ', Y91H
> 0.0209 mg-g ', f5 BRI 0.23%, & & E R LE
MR, A5 S5 Z2E 79.43%, 2B LA E] SRS TR 2R &
HEZE SRR, B LA N ZE IR & Bt e, (IR
%, 4 AP S BRI, & 33.33%, 8 AN AT A
TEELLT, &5 66.67%:

FPEEIR S AR IR 4.6639~11.0451 mg-g ', 14
BN 6.7437 mg-g ', 5 RAERY 74.13%, B & Eim
A PLER, 285 R 50 30.16%, I S FhE] SR8

R ESARR, WS MRS E S, Fh R
%, AHZE 2.37 £, 4 A~ @A &R BIE, 5 33.33%,
8 MNP ETEIIMELLT, 5 66.67%, ‘W4 J& T
BERR WS AR SL AR . AR N b, S T HE
BHLER(P<0.05), ATASEBR IR 5

A HLER & AR E N 5.6772~14.3188 mg-g ', ¥4

{EH°~ 9.0970 mg-g ', ZE 5 RECHN 31.70%, B 5 F
e SR ST HLIR 2 b 22 AR G, db T A3 HILIR & HE
B, R R, AH2E 2.52 4%, 5 S AR S I 1y
1B, 55 41.67%, 7 & EAEIELIT, & 58.33%,
AT R W A A ALER &t b ey, W TR IR LR T
PRI, <At T S b & Je i | R R S I
(#£3).
223 ANEEEFERLETLH YRR ' TR
W s Mreh SRR B, S m AR IR A 3934~7400 mgkg ',
PEN 5786 mgke ', HAUTRKIOGE S EMY 87.97%, J&
TS TOGR, R RECH 17.80%, BLEH SR
IS 2= S, R M S i, LA N B
%, AHZEE 2 4%, 12 AP S EAYE RS —
o BOCER N S, SR EFE &S THEICR(P<
0.05), JrEFp oo

2 WRERIEE KRR AL
Table 2 Water content and carbohydrate composition of blueberry fruit

i KR (%) b (mgg™) i (%) WA (mg-g™") (%) SHH(mg-g™)
W4 84.81+1.98% 45.16+6.70" 47.47 49.98+8.28™ 52.53 95.14+14.89
Hii R 86.46+0.68" 49.03+4.20% 47.53 54.12+4.78™ 52.47 103.14+8.90
N5 81.12+0.67* 52.65+10.04% 47.06 59.24+10.92% 52.94 111.89+20.95%
e s 85.20+0.78% 43.40+4.83% 47.28 48.38+5.27" 52.72 91.78+10.11%
B[ EA 85.52+0.53%® 45.36+8.43"4 48.49 48.18+10.45" 51.51 93.54+18.85%
I 85.58+2.70% 34.67+9.38¢ 45.79 41.04+13.02° 54.21 75.71£22.40°
N 85.53+0.73% 40.93+4.29"4 47.20 45.79+4.19" 52.80 86.72+8.48%
H 82.20+1.60°% 62.3243.06" 47.15 69.87+3.29" 52.85 132.1946.35°
N4 80.40+1.28° 38.95+5.82 47.17 43.63+7.85° 52.83 82.58+13.61°
B 83.26+0.31" 45.20+8.49"4 48.96 47.13+8.54" 51.04 92.33+17.01*
AT 84.04+0.38™ 43.16+5.44 48.60 45.65+5.41" 51.40 88.81£10.76™
IIFAREIN 83.91+0.19™ 38.50+£0.97% 47.99 41.72+1.44° 52.01 80.22+2.28¢
¥{ (Mean) 84.00 44.94 47.56 49.56 52.44 94.50
prifE2:(SD) 1.92 7.28 8.17 15.38
5 RE(CV) 2.28 16.20 16.49 16.28
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Table 3  Organic acid composition of blueberry fruit
i iR (mgg!) (%) ERMR(mgg") k(%) 3ERR(ng g") HH(%) R (mgg") HE(%) HER(mgg") HH(%) Yi(mgg!")
WE 0.2959+0.0347° 2,10  2.2282+0.1797° 15.81 0.4974+0.0260° 3.53  0.0231£0.0053% 0.16 11.0451+0.3654* 78.39  14.0897+0.5873"
i R 0.2082+0.0389°  3.67  0.2784£0.1058° 491 0.5164+0.0858™ 9.10  0.0053£0.0010° 0.09  4.6639+0.7134° 8222  5.6722+0.9183°
N5 0.2999+0.0261°  4.45  0.6524+0.1312° 968 0.4814+0.0680 7.14  0.0148£0.0030° 022  5.2911x0.1179* 78.51  6.7395+0.3447%
e 0.322240.0364° 474  0.3640+0.1791° 536  0.4697£0.3569  6.92  0.0047+0.0011°  0.07 5.6316+1.2171° 8291  6.7921+1.0519*
e 0.3244+0.0182° 227  5.7758+1.2358" 4034 0.3946£0.0593® 276  0.0257+0.0070° 0.18  7.7983+1.8354™ 5446 14.3188+3.1370°
MHEHEE  03456£0.0135°  3.62  0.3094+0.1098° 324  0.3099+£0.0031° 324  0.0129£0.0020° 0.14  8.5765+0.8376° 89.77  9.5543+0.8547*
Rl 0.4255+£0.0557° 3.86  0.5371£0.0481° 487 0.5276+0.1873 478  0.0116+£0.0024° 0.11  9.5310+0.5745® 86.39 11.0327+0.5747°
H i 0.3724£0.0887" 370  2.9443+0.0815" 2924 0.6270+£0.0674° 623  0.0447+0.0034° 0.44  6.0826+£0.3426* 60.40 10.0711+0.5762"
N4 0.3199+0.0462°  4.01  0.8594+0.1945% 10.78 0.4917+0.0869 6.17 0.0180+0.0048% 023  6.2839+1.5374* 78.82  7.9729+1.8197°*
S 0.3376+£0.0369" 546  0.5044+0.1239%* 816 0.5126£0.0899 829  0.0175+0.0046“ 028  4.8104+0.6440' 77.81  6.1825+0.8495°
FHEVE  0.3691+0.0485" 480  1.1138+0.3215% 1450 0.3598+0.0435°  4.68  0.0112+0.0046 0.15  5.8282+22791° 7587 7.6821+2.3715
MELAEN  0.3495£0.0088  3.86  2.7044+0.0537™ 29.86 0.5584+£0.0156® 6.17  0.0614+£0.0005* 0.68  5.3820+£0.2144% 5943  9.0557+0.1751*¢
(i (Mean) 0.3309 3.64 1.5226 16.74 0.4789 5.26 0.0209 0.23 6.7437 74.13 9.0970
HrifEZE(SD) 0.0524 1.6443 0.0872 0.0166 2.0337 2.8835
BRZFH(CV) 15.84 107.99 18.21 79.43 30.16 31.70

5 5 B AR IE A 249~447 mgkg !, W{EH Ny 347
mgkg !, HITKICE SR 5.28%, S R T
JEICER, A S AR 19.88%, /i E] £ 25 S B i,
WE A O AR, AT BT IAIK, 12 SRS A
PHE E T4,

BE S R Sl 249~455 mgkg !, HIE A 359
mgkg ', HATKITTER TN 5.46%, SE5AHUT, &
AR T RIGER, AR R ECH 18.82%, BEHH S FRIE]
B 2E R, YA B S A, A T
K, 8 AP Er B IIME, 1 66.67%, 4 i Fr
HEELLT, &5 33.33%,

Bk AT O 16.79~62.42 mgkg !, ¥ {H N
41.61 mg'kg™, HATREITE FHEM 0.63%, &= H HE
R BIGER, 2855 R BN 28.81%, RIS Fh a5
HE2E SRR, WY LT OB & it e e, SRSV B AIR,
7 ASEh R A EAERME LA, 5 58.33%, 5 AR RR AR
TEELLT, 5 41.67%

BEEEEIE N 1.40~33.91 mg'kg ™', YI{E K 8.81
mg-kg ', HFATKIGE SR 0.13%, & BRI
JHEIGE, S BB 100.40%, ShRPE] SR 25 55 B,
LA NS i e, AT LRI A, S IR 22
24.28 fiF, 3 MEL A S EAEBIMELL I, 5 25%, 9
Fh S BB LL T, 5 75%, Vel A5 R R 8r &
R, (B A s R

4 & 28 IR S 9.58~38.11 mgkg ™!, ¥ {H KN
27.72 mg'kg ', TR ICER SR 0.42%, J& S EAR
{RBIH TROGER, A8 250N 39.13%, UilH el ds &
H2E SRR, WA A i, AR B, &
RAHZEIE 4 4%, 7 Do Fh S E7EELL L, 5 58.33%,
5 AP S EAEELIT, 5 41.67%.

Rl R IR SR 1.06~50.51 mg-kg ™', PIME K 6.46
mgkg !, GG RE F R 0.10%, S TR i
FHRARAY, 2855 B2 BCHN 215.61%, ShFhE &R 2= R E
R, ML AE N & s, b TU AR, @A 22

47.84 4%, ByLTAE NS iR e, A T
s (P<0.01), (B —2EF5 TR (3 4) 0

23 AEAEBEERIMT AR

2.3.1 AFEEEREERIRS TR ARNEINR R
SE I RASNE S 9.48%~63.94%, YME Hy 32.01%, AF
FERECH 60.42%, B R RIS IR B H 7R
MR, A BT RES, R &AL, MHZE
6.74 5, 12 A AP VR AE BE TR a2k 3
7 SR s i SR S MY 3 SR AR R R 66.87%~78.66%, HI{E
K T4.91%, A8 FZZHBCN 3.88%, FH LA ERANSR B
i TR 2= AR N, B TR, R
%, AHZEAX 0.18 7%, 7 Afb A i i R AEE LA B, &
58.33%, 5 MR FPEIMELIT, I 41.67%., @RISR
Jifg 7 2R W 2 PR T, P E A 22 1.34 /5 (5% 5)
2.3.2 AFAEFEERRIT AR S R AR
WAL BRI AT PN S AR IR 12.13%~21.20%,
B 15.14%, 285 2280CH 16.03%, R R Rt
PRELVH AT RS & AR IR Y 13.10%~23.50%, ¥I{E
9 16.66%, ZEF BRI 16.66%, FEH 75 7N
Pt Ab FHL S AP ] Sy T e bl o e 28 22 5 4, A T] 4k
HRep, ke HOHS AT AR O e e, A B R
I, 4 iFh S g ME, & 33.33%, 8 MinFhE
TEXELIT, 5 66.67% BN 71 ml b
TrE T, H2E RN (R 5) .

2.3.3 AFEEFEERERIT A ER SR AR
JE Tt Ak R 7 1T 7 2 PR S s AR R A 0.41%~1.02%,
PIE A 0.65%, ZEF R ECH 32.50%, R SR EIANGS
TSR RS B A PR Y T T T & b 25 SR AR, <Ak 1T
RE R & B, Hh B IG, 12 SR R S
EAEPE L RS20 USSR A B - m] i
SETR S RASNE 0.57%~1.43%, Y{E N 0.91%, 255
FHUN 30.77%, SV ShRFTR]ES 0 SR s pil A B v AT
TRERR & EZESFARIS, db 1T e iR & 2w, Fi
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Table 4 Content of mineral elements in blueberry fruit (mg-kg™")
e K Ca Mg Zn Mn Cu YH IR
W4 6666+£686™ 447+80° 30438 48.86+7.00™ 17.04+2.83° 38.11£1.13° 1.68+0.61° 7523+736%
iR 67641618 409+41% 393+63%® 48.78+6.17" 4.79+0.51°" 32.65+4.94° 1.67+0.38° 7654711
N5 53894234 323+76 28424 43.54%8.95" 4.33x1.15% 36.25+0.91° 1.10£0.09° 6081+151%
kF 7400+772° 395448 365+31% 47.59+7.825 6.96+1.69% 36.41+3.94° 2.57+0.31° 8254+761°
B | uEA 5239+162% 251452° 249+33¢ 46.02+5.17"% 2.82+0.13%" 37.74+4.26° 1.06+0.20° 5827+156%
A L 3 6054+1252" 249+22¢ 261+28¢ 50.67+5.40° 1.40+0.33" 34.86+5.90° 1.16+0.13° 66521273
N 6468+176™ 402+66™ 414+52° 36.44+5.75%%" 7.70£1.12% 36.92+6.02° 4.12+0.87° 73704162
H b 6658+364™ 352464 420+95° 35.68+2.78%f 9.50+0.48° 19.44+1.07> 3.15+0.77° 7498+203%
N4 4894+214% 325+39% 393+17%® 33.64+7.32°" 6.15+0.75%" 16.28+1.23% 3.51+0.15° 5671+241%%
B 4819+261% 280+27° 393+34% 28.89+2.12f 6.69+0.62% 21.01+3.93° 3.11+0.61° 55524270%
ARV 51424337 304+60 381+31% 16.79+4.22¢ 4.43+0.29" 13.42+43.64% 3.82+0.11° 58654384
FAFAREIN 39344227¢ 431453 455+90° 62.42+12.30° 33.91+1.52° 9.58+0.69¢ 50.51+12.24* 4976+151°
HJ{H (Mean) 5786 347 359 41.61 8.81 27.72 6.46 6577
b2 (SD) 1030 69 68 11.99 8.85 10.85 13.92 1049
BSERE(CV) 17.80 19.88 18.82 28.81 100.40 39.13 215.61 15.94
25 ORI IR RS R R E R
Table 5 Juice yield and nutritional quality of blueberry fruit under different trentments
o (%) AR (%) AR ER (%)
ES)ifE Jint e[ JnG N Jint
W4 63.94+6.06 76.99+1.37% 15.1740.51¢ 16.700.20 1.0140.03* 1.4140.02°
iR 36.10+1.15¢ 66.87+3.25¢ 16.50+0.53¢ 18.00£0.62° 0.41+0.05° 0.57+0.05¢
NS5 15.48+2.71% 74.20+3.33% 17.93+0.35° 20.07£1.17° 0.48+0.03% 0.68+0.02%
ik 17.3543.39% 74.17+2.06™ 14.500.30%" 16.10+0.46% 0.49+0.03% 0.68+0.02¢
B[t 56.31+5.37° 75.44+1.17" 14.97+0.40% 16.400.70° 1.0240.03* 1.43+0.03"
i HES 55.32+4.07" 74.02+1.08° 12.13+0.06" 13.10+0.40° 0.69+0.03¢ 0.95+0.01"
Big 9.48+1.67° 75.40£3.12 13.97+0.42° 15.4320.12% 0.80+0.05° 1.09+0.07°
Hih 38.96+19.20™ 74.62+2.00™ 21.20£1.25° 23.50+0.61° 0.72+0.03" 1.03+0.08"
N4 31.98+25.19% 74.98+0.56" 13.20+£0.268 15.53+0.86% 0.55+0.14¢ 0.78+0.07¢
R 37.08+5.43° 78.66+0.82° 14.17+0.55%" 14.80+0.62° 0.49:£0.04% 0.77+0.02°
P3di 10.66+1.41° 76.25+4.27% 14.00+£0.52°% 15.57+1.82% 0.44+0.07° 0.74+0.04°
bIFAREIN 11.50+1.93¢ 77.28+1.12% 13.90+0.60" 14.67+0.06° 0.75+0.06" 0.81+0.24°
)1 (Mean) 32.01 7491 15.14 16.66 0.65 091
FrifE2E(SD) 19.34 291 2.43 2.77 0.21 0.28
SR ZRE(CV) 60.42 3.88 16.03 16.66 32.50 30.77

FRIAR, 5 AR S A, 5 41.67%, 7
Fh S EAEIIELA T, 5 58.33%. USHISRIREER AT
T G TR o v WY s, i AIRAR 25 0.4 4, 25 5 W
(F5),

24 AREERIMIEETN

2.4.1 AN[F] AR SN BT 5 SR AR FRAR AR A
AR BTARDGHE A OC SR BURAG HE PA BEATLAS 1 1] OC
IR B FEAR, X AR S/ MBS 5 E TR T,
TTPERERY 20 DHEARIEAT T AHSCHE ST (5R 6), 45
oK, PR 5 AUBFE SR AR W3 U G (P<0.01),
kg 2 B IEAHX(P<0.05), S5 & 2k B3
TEAHZE(P<0.01), R SEHR R S /K B sy, R A
Ji, RIS S AP SRS T RN B2 T T 2 AT TR IR
Tl 55 A A A S TEAH DG (P<0.01), FHSE R EL

ik 0.98, Ud BH i AR IR S0 v SUBH S5 AP E S A Y
oSl A B AR AT VT BBAAE A B ORI A TG
R BRAL A WS 1 EAH SR (P<0.05), A &2 w35t AH
K (P<0.05), F5FNEESE 25 IEAH G (P<0.05), B Fi4h
£ 53 7R 5C (P<0.05) , % Fl 4 2 A do 38 15 AR 5¢
(P<0.01), i A &2 25 T AH G (P<0.05) , KW %5
R AR AR, 85 86, . SRR R,
RS PR o G 3R 2300 () A SR 10 G 3R I A B 7
ok 5 RS b SO L AP S R SR S A E A O
(P<0.01), K250 =5, 435913k 0.96 Fi1 0.98, BiHH
SRS rp SUBE RN ADPE & S N T a SRt il sk
WS, IR AL FES h R  R S AT AR | 2B
JE TR & B A B 2 IEAH G (P<0.01), FHIC R ELST 5
Sk 0.81 Fi1 0.71, FTWIRZL hipAs iR Fil Zs Je IR 3 1 5%
M) 0 s AR TR R R, ATk, AR S
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Table 6 Correlation analysis of appearance, physiology and processing indexes of blueberry fruit

MXRE HICARECASE ok BO0E A h R e PR M AT K Ca Mg Fe Zn Mn Cu t;]gf%:buﬁ%%buﬁ%?
BIERE 1.00

HREE -0.79"  1.00

FKE 045 056" 1.00

bk -037 —0.11 —-029 1.00

WM 041 -0.06 —0.30 0.98” 1.00

R -029 031 -0.12 =0.16 —0.16 1.00

ZJer 007 -031 006 023 016 0.10 1.00

SRm 0.10 -035 —0.32 0.56" 0.55 0.01 0.05 1.00

R 0.17 -0.54 —026 0.17 0.14 026 058" 049 1.00

AR -028 042 033 —028 —022 030 021 -022 —0.06 1.00

K -0.67" 0.72" 043 032 040 —0.17 —024 0.09 -0.48 031 1.00

Ca -0.05 003 0.17 009 0.11 -0.16 -0.14 0.62° 021 0.14 033 1.00

Mg 024 —021 -0.17 0.09 0.05 024 —024 0.68* 035 -041 —0.14 0.51 1.00

Fe 0.03 -0.15 033 -0.19 —0.12 =035 021 0.12 037 0.5 0.08 040 —0.17 1.00

Zn 024 —037 —0.04 —0.13 —0.16 0.10 024 0.50 0.78" 0.02 —0.36 0.64* 0.49 0.51 1.00

Mn 048 052 048 0.04 0.1 -025 —-0.02 -025 -0.54 0.51 0.65" 0.02 —0.68" 0.31 —0.44 1.00

Cu 033  -0.46 -0.03 —-0.28 —0.31 0.16 020 031 0.77" -0.22 —0.57° 039 0.50 0.49 0.90"—0.57" 1.00
INEELITE 009 —0.04 —032 —0.22 —0.29 0.64° 026 -0.01 040 025 —0.50-0.16 0.04 —0.23 0.36 —0.33 0.28 1.00

JnEEEE  -034  -0.15 —037 0.96™ 0.98" —0.14 022 058" 021 -022 034 0.17 0.09 —0.10-0.09 0.04 —0.23 —0.29 1.00
JNEERR - -025 0.3 024 001 000 028 071" —0.07 026 0817 0.10 —0.04 -0.43 0.14 0.08 037 —0.13 038 0.00 1.00

T F I 3 BIE R TE0.05F10.01 7K | M

S AN AR NS e IR S T LA B E
FPIE EOIN T PEREPTAN FAZCo b TR AR FH .

2.4.2 ANEHERER REIN TIEARRISHT 1T
PEME . AP & B TR IR ITaS R A, 7R
B RBCH 6.50 BFADEE 12 AR 5 RIS, 85 1 25
ISR SRS et A PLRR o m, v &,
FAAHH 1T SRR, 5 8.33%; 55 2 e n] it &
R, AR S . BT RARAL, B NS LA
Fh, 5 8.33%; 5% 3 S WIS TERE O BB, AR &
B TRERAR, R E R SR, 5 8.33%; 48
4 AT OB B ARG, A LR 5 b rh A AR,
Wyt rp DL b, R IR F 7 A,
58.33%; 5 5 FEAI ek ROBH O B RS, A LR P it
L TR, A W A b T2 AR RR,
16.67%; < H th° . W4 Fndb 133 AR mT b &
H(>90 mgg ). HHLRE 10 mgg D) FIHITER
(>74.6%) Yyde vy, B T Fp, <& F1NS’
FSR AT PR o B A 5, (H AT ML & B R HE %t
I, AEFARRIN TR 2~ 3. £ 5. & 1),
2.4.3 A[EHERE SR SO R bR B RS SrT FUAH
SPSS 22.0 Xthnifift. [AlFa1LE REEH T 2555
Mo ARIEAFFNEE R T 1 B0, $EEUH R PR 451
ANBRA RSy, A5 BT AR R LB T R (R 7).
ZEIRRI, B 3 S RESTERRE A 83.675%,
BEAE FEAT 14 B IR AR BRI AE S5 2., RIATHRH
B 3 A3 s BT B Ao A R e, IRt nT LA
3 AR FOR Y 6 N FRPRAS R X A A B

S| Atl
LY &
etk vy
g
N4
[IEAREIN
i L B
0 —
N5
Hil P ———
0.00 4.11 823 1234 1646 20.57

12 A AR ARSI L BURPIR 2R 20 A

Cluster analysis of fruit processing quality of twelve

K 1
Fig.1
blueberry varieties

FT EWSTETT ZE R
Table 7 Total variance explanation of principal component
analysis
Ed%y FHIEE T 2T (%) BRUr 2 5Tk (%)
1 2.298 38.295 38.295
2 1.449 24.143 62.438
3 1.274 21.237 83.675
4 0.650 10.826 94.500
5 0.320 5.333 99.834
6 0.010 0.166 100.000

WA T B TP

RSy AT RE B REAS S WS 32 s TP AN [RIHE AR
AR S E . R 8 AL 55 1 ks Uy 22 oTiHkR
ik F] 38.295%, T WL T SEMH AN AE A 2 >
FORNEBEIE T B N AR B FEIRT, RS0 T O
PRIZR, Al am s AEHIR N5 2% 2 205 7 22 DTk
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Table 8 Principal component loading matrix
B FH5r
Bit ey
1 2 3
R -0.014 -0.308 0.880
RS 0.977 0.018 -0.118
A A 0.983 -0.050 -0.047
Py & -0.170 0.417 0.788
e 0.269 0.847 -0.103
ISRt 7 2R -0.332 0.687 0.079
#9 B FWSTEEEATIr ST EE R
Table 9 Principal components scores and ranking of each treatment
b W4 TN N5 K3 bl AHEEE K H N4 HEW I A
LAY 6064 —3462 1091 —1271 5237 —34.44 10.41 105.14 5979 3192  —17.43 —48.56
Hery 2 10 4 6 3 9 5 1 12 8 7 11

2| 24.143%, BT 2R & & ISR ighE vt
NN TAZFE VR AN B ZE R A 35 S S Fa R, nIRRIN T
55 58 3 ST TUT 2ETTHRRIA R 21.237%, EEALEE
TS TR BRI IR Pt AU O NS PR A OO R R
B TFERR, TTRR NS N R T o

JHAS 35528 AmT = B LASS H B AR E Y
BARSETTAR, BIAS2] 3 A~ 3= 55 T A FERR BT X R
BB, PR AR A5 32 s Tl i B RN AR & T
BLAY 3 A~ SRR ERNEAE 2 AN L R 4% 32 a5
AN AG BN oAb IH 32 T LR AR TR, 6 T 3
Jin TR R IR PRI AR EE bR AL | R AT AL S )
B AR A AR LR 2553 WL 9, 25
BASST R, FORIZACTE TN WA R . SRRy
PTG R, < H L g8 Fdb 1 i G e 5
ALY 3 -l

3 g
VAR T OO B R R AR | e

Bt ARSI SR SN TR IR R B AL B 1 V238 22 S i
R, BRINRJB B AL B Y3 22 5 AR/, SR Ak
B E A ARy nT i HeohE L T R S B 4
Tho SRS AR AR & sy, SRR Tl
B RS AR AN ZE Je R S e Er, SRt h
AR E R R H Y, R AL T3 A
ALVEPERNE . A PLIR & A R8s, E IR,
IS 7 i ST R AR Ry, S BRAR AN T A,
SN A 2SN AR B AL ], LASE E ™ | Bk .
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