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Abstract: In order to explore the comprehensive quality of introduced blueberries in Shandong Province, the morphological
index, physical and chemical index and texture index of 13 kinds of blueberries were determined, and the comprehensive
evaluation was made by correlation analysis and principal component analysis, and the rankings were obtained by cluster
analysis. The results showed that there were differences among different varieties, and the comprehensive quality of big
blue gold was the best. The fruit was round in shape and bright in color, with total sugar content of 17.07 g/kg, vitaminC
content of 1.35 mg/g, SOD content of 1156.11 U/g, excellent texture indexes and good taste. The first 5 principal
components were extracted from 17 indexes by principal component analysis, and the cumulative variance contribution rate
was 83.260%. A mathematical model for comprehensive evaluation of blueberries was established based on principal
component analysis data. The scores showed that the comprehensive qualities of big blue gold, Bladen, Herbert and Sunrise
were higher. When the European distance was 5, blueberries were divided into five categories by cluster analysis.
Combined with sensory evaluation results, it was found that big blue gold was the best variety. Blueberries were sweet and
sour, rich in nutritional value, and had high economic value and broad development prospects. The comprehensive quality

evaluation of introduced blueberries in Shandong Province provided theoretical basis for comprehensive utilization and
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deep processing of blueberries in Shandong region.
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Table 1 Sensory evaluation standard of the blueberry syrup
WA TR 5.00~4.00%) 3.99~3.005) 2.99~2.005% 1.99~1.004%
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Table 2  Statistical analysis of morphological indexes of different blueberries

fn R (g) AR EL R AL
AR 1.48+0.10%" 0.9120.01°¢ 1.0120.06" 59.07+7.13%
PN N 1.05+0.10" 0.89+0.01°% 1.02+0.02° 62.95+2.26™
DU N(SESS 1.75+0.01% 0.87+0.04%* 0.99+0.01° 58.27+3.61™
FREAEIR 1.64+0.09" 0.79+0.05 0.98+0.04° 54.3043.79°
HE 1.17+0.03¢ 0.84+0.03°" 0.98+0.01° 59.72+2.56%
%5 1.79+0.27° 0.74+0.068 1.010.02° 55.52+3.48°
THREA 2.45+0.22° 0.79+0.08" 1.04+0.10° 58.94+7.12"
H il 1.53+0.01¢% 0.96+0.00° 1.07+0.28" 54.81+5.60°
iR 1.56+0.05%% 0.970.00° 1.00+0.06" 60.94:4.05™
pAGiLi] 1.42+0.09%" 0.96+0.00* 1.044+0.01° 57.66+4.21%
FEHL 1.30+0.11"% 0.85+0.03%" 0.98+0.01° 55.87+6.39°
ek 1.62£0.06"* 0.93+0.00" 1.03+0.03° 70.35+5.04°
peiii] 1.40£0.07° 0.95+0.00* 1.05+0.00° 66.92+4.55"™

TE: SR NG T B3R 28 57t .35 (P<0.05); 33, 3240,

2.45 g, IFAE B EHEZE S (P<0.05) . HAPFRiGE A,
B35 MAAE PR E e, RSO . U E R A AU
R SR MR T, SRRk R S AR . AR PR
EHIEARNTIR FE AT SRS A AR L SR
FRBUR 2 ST AR ELDOARUE, —BA A 0.6~0.8
S RJE, 0.8~0.9 RIRITE sk BT’ , 0.9~1.0 S5
eI, 1.0 DA FoAR . PEG R . G R H
H A5 R B R AT A, Ok A A
B sl (R A2 o, B R AEFR Ednok, HoP
YIE N 0.97, 852358/, K 0.74; WEFRFHIEHIR S
R 1.02 oA Al ) 22 e d/)s, Hor H g SRS e
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2% 70.35, HORPEDY | Kok 4 s, fe /b i EEZE
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FIAFAEZE S, X 2 W AR s B S R e 11
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Table 3 Statistical analysis of physicochemical indexes of different blueberries

i HERE = (gke) i ZCE i (mg/g) W EbE A (g/kg) BbESE(g/kg) B (g/kg) SODH:(U/g)
AR 0.30+0.01° 1.6620.03¢ 0.12:0.00 11.52+0.54% 4.8240.33¢ 1128.80+102.99%
KA 4 0.11+0.00" 1.35+0.03¢ 0.52+0.01° 17.07+0.02° 9.53+0.60° 1156.11+14.61%
S 0.18:0.00° 1.3240.03¢ 0.44+0.01¢ 11.18+0.03% 5.75+0.03 1183.42+30.98"
FREAER 0.14+0.00¢ 1.11£0.01' 0.49+0.01¢ 13.98+0.06° 6.92+0.03¢ 1012.57+25.28%
®E 0.18+0.00¢ 1.8240.06° 0.47+0.01¢ 13.71£0.33% 9.65+0.24° 928.53+77.24%
B 0.08+0.008 2.17+0.03* 0.34+0.018 14.03+0.13% 8.02:+0.67¢ 1256.25+25.28"
THRFEA 0.08+0.00¢ 1.25+0.02" 0.38+0.01" 12.1140.34% 7.37+0.26° 1121.23+94.77%
Hih 0.38+0.01° 2.03£0.01° 0.25+0.01 14.92+0.16% 4.8140.47¢ 1165.22+0.00®

it 0.14+0.00¢ 0.93+0.02’ 0.44+0.01¢ 13.86+2.49° 6.23+0.21° 801.09+10.99"

XL 0.15+0.00¢ 1.66+0.03° 0.23+0.02’ 15.04+0.54% 8.67+0.23° 755.57+38.62¢
FERL 0.23+0.01¢ 1.4120.04° 0.32+0.01" 12.7240.03% 12.14+0.25° 1135.59+53.53%
B 0.08+0.00¢ 1.21+0.02" 0.50+0.01¢ 16.37+0.55 7.23+0.40° 1201.84+13.38"

pEiii) 0.14+0.00¢ 1.77+0.01¢ 0.57+0.01° 12.67+1.28™ 6.56+0.19° 737.36:64.37°

TE: AT, B bR

4 AR MR TEARST 0 b

Table 4 Statistical analysis of texture indexes of different varieties of blueberry

wn R (g)  RAAEE (mm) FREMEE(gmm™") FEEE(emm™) RRTEE(g) RAPM(gmm™) it (gsec) Atk
M3E  166.23+16.53 2.8340.47¢ 57.26+4.77% 274.17+74.24%*  21.73+8.69"  103.05+35.80° 9.29+3.08"  2.24+].25°
KRIE4  225.29+9.99° 3.59+0.57% 62.32+10.21° 497.14+48.97°  28.12+11.25°  96.15+15.91® 8.68+£1.59"  2.24+0.49"
MARE  175.23+20.79" 4.14+0.31° 41.19+5.54%% 399.06+61.52  17.34+£3.46°  50.49£12.37% 11.3242.42°  2.95+1.40°
FRAEIR 149.00+15.45¢ 2.97+0.38" 48.34+3.115 284.04+£75.07%  17.18+4.24°  74.15£13.76® 9.61£1.53®  2.17+0.46"
W 149.52+19.58"% 3.88+0.64® 37.55+5.54% 334.20+£78.52*  18.65+7.81"  67.52434.60™ 5.99+2.04°  1.16+0.83"
BiE 150.11£15.56°" 2.98+0.71% 50.21+8.54%4 276.72+95.76*  19.69+2.89®  98.18+32.24% 835+£1.72"  1.63+1.20°
THAE 115.31421.78¢8 3.08+0.26" 35.74+5.84° 206.54+46.96° 15.68+6.94° 67.29+17.68% 9.56+1.48"  2.38+1.04°
H i 124.62+23.77" 2.72+0.68° 45.22411.74%% 214.54+84.74°  18.79+5.54®  101.87+47.18" 8.91+0.74"  1.58+0.62°
iR 190.29+16.51° 3.49+0.39% 53.23+8.19" 397.90+55.99®  19.89+7.07®  79.39+31.41%® 8.48+£1.05"  1.95+1.11°
XLt 128.88+11.78° 3.31+0.38% 37.85+7.75% 258.33+31.14° 12.46+1.95° 61.67+13.39% 8.59+£1.86™  1.64+0.99"
FERL  156.09+27.07%%" 4.13+0.44° 36.29+4.15° 392.51£99.07°  13.54+3.64° 47.11+10.33% 9.98+1.83"  2.10£0.67°
HAEW 164.09+21.83%% 3.11£0.34% 51.08+5.04 285.45+68.15™  21.34+2.14®  82.20+33.09® 9.61£1.99®  2.14+0.66"
BEPE 138.46£19.14%% 3.46£0.27% 38.97+7.14% 269.97£25.59%  17.90+4.78"  73.75+27.19% 10.51+1.75*  2.06+0.25
B M B R S OB E 42 28.12 g, T AN R A (P<0.01) .

R 12.46 g, FORLHE 4 5 AT R 0HE 25 SR,
HAr b a] 22 A 1 35 (P>0.05) ; K& tdne Ky Mk
145 11.32 g-sec, T/ HE S 5.99 g-sec, K%
B i B SRR MR L PRV . ZERL AN SRR AR,
Rit/NT 3, o PHE2E 7 (P>0.05)
24 EEARIEFRAVE RS ST

X 13 PR RN 17 SJBiFe AR AR SCTE AT, 45 2R
Wz s PR, T RS 5 2 ] 2 B2 7
K(P<0.05); 4iEZR C SRR R AESC(P<0.05);
B L R L S TR AR DG (P<0.05), SR AR
S EAESC(P<0.05), SR PP W2 EAESC
(P<0.01); BL1iR 5 5% B2 Tk 24 PR B8 2 I 3% 1E AH 36
(P<0.05); H P24 25 5 5 Fe )k S AR 28 TEAH G
(P<0.01), 5 R AR R M A< (P<0.01); 5
B B 5 SR PR B A B S IEAHSE (P<0.01), SR
FIE SR 5 TE ARG (P<0.01) 3 SR PGS B 55 50 A )14
SR IEAISE(P<0.01); A S A T A e 35 1

25 ERSOH

X 13 ANHERESL R 17 SRS R bR T 3
AT, a5 RAnE 1 s . FEBGHRT 5 A FE A4,
B — AR RS N 4.311, J7 22 BTHR 25.356%,
Jed B AT B T T RHIE(E R 3.413, JF
ZETTHRR 20.074%; 55 — F ST FFIE(E R 2.679, J7
ZETTHRER 15.762%; 55 DU = 4 FRAEE 2l 2.056, 7
ZE TR 12.097%; 25 H F SR IE(E A 1.695, J7
ZETTHR R 9.971%. 54~ F 4 Rt 22 sk &R
83.260%, it 80%, AT LIACFR A RIEHR A KBS
B HER 7 nJHL 5 — Uy EEARERRRBIE,
TEAHSE; 58 i AR, S IEAHSE; 5
RS EEARTRE, A IEARSE; S50 3 S R
ARERIAIEAEEL, WIEAHSS; 88 T Tl HEARAET
2, HIEAKE, W3 8 i, 5 DB IRsEIE
F,. F,. F5. F, Fl Fs, 3002 5 20 E s ni Jr 22 oisik
RAEMACEAE, M LR PR PRECH : F=0.25356F |+
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Table 5 Correlation analysis of blueberry quality index
e HRE EE{FZ EFi WHEZE MAERCEEME L B sop A Eﬂrﬁ&%% TREHEREE KB R R Rt —
(g) #R% WE Si(gke) (mgg) (gkg) (gke) (ghkg) (Ulg) B (g) HiE(mm) (gmm™) (gmm™) M (g) (gmm™) (g)
KR (g) 1.000
B SIZ 1 —0.414 1.000
RETE 0.197 0.471 1.000
HHER(gkg)  -0280 0394 0.150  1.000
iR C(mg/g)  —0.162 -0.112 0346 0.346 1.000
WEWE(gkg)  —0.105 -0.092 -0.164 —0.621°  —0.380 1.000
S (g/kg) —0.156 0.076 0.344  0.184 0300 —0.260 1.000
SR (g/kg) -0.368 —0.315-0.398 —0.321  —0.030 0.180 —0.394 1.000
SOD(U/g) 0.265 —0.484-0.092  0.103 0.123  —0.184 0.297 —0.013 1.000
REMIRE(g)  -0.315-0.278 -0.087 —0.015 0234 0.083 0.493 0271 0519 1.000
RBBRERS (mm) —0.359 0.003 —0.546 —0.143  —0.255 0371 —0.455 0.568" —0.154 0.139  1.000
RBEMERE (g/sec)  —0.273 0.128 —0.033 —0.016  —0.165 0.003 0.666" —0.280 0.303 0.194  —0.353  1.000
REBIE(emm™) —0.551 0.063 —0.539 -0.170 -0.406 0381 0.052 0.423 0.061 0256 0.706™ 0384  1.000
RABEE(E)  -0.330 0.089 0.047 —0.093 —0.052 0.275 0.601" —0.181 0.337 0.365 —0.165 0.863 0453  1.000
RAFE(emm") -0.095 0.100 0.406  0.208 0367 —0.2270.701 -0.461 0.286 0.082 —0.741" 0.750 -0.181 0.705"  1.000
it (g) 0336 0.093 0.134  0.020 —0.306 0.081 0.111 —0.294 0.182 0.154  0.083  —0.088 —0.007 —0.183 —0.283 1.000
Hitk(gmm™) 0370 —0.060-0.125 —0.151 —0.566" 0.159 0.180 —0.254 0.313 0245  0.205 0.136 0274  0.091 —0.260 0.844™ 1,000

H: **: P<0.01 (U

25 ); % 2 P<0.05 CRUIUASE ) .

234

T

K 1

FI IR AEAR A1 P4

4567891011121314151617

0.20074F,+0.15762F;+0.12097F ,+0.09971F5.,

FH2E 8 AT, HEA AT 6 ShFP AR5 310 IR
4. AR MRMAYE. B L EZ M EE fPEETE .

ERSY 1 5T 2 T 25T 25.356%
1 20.074%, TS 1 AEIGT, N SHE g e, Mg
{EI8/]N, BDBE IR L3 o, HUE s sy 2 (3SR,
DU SR B R %Rjﬂ@&%ﬁﬁif {ELIE I, FEER
s 25418 2 AT, RokiE 4 B5as . H L AiSE
B EE, ‘L,\@/a‘%&ﬂiﬁ ERAE I PEPE . DG |
TR T A WIS e, HUEN TSR G | SR
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Table 6 Eigenvalue and variance analysis table
NN FARFHIE(E PP I7 FEA
FHIEH T 22 5T (%) BB 2 TR (%) FHIE(E FETRE(%) FRUr 2 T (%)
1 4311 25.356 25.356 4311 25.356 25.356
2 3413 20.074 45.430 3413 20.074 45.430
3 2.679 15.762 61.192 2.679 15.762 61.192
4 2.056 12.097 73.289 2.056 12.097 73.289
5 1.695 9.971 83.260 1.695 9.971 83.260
6 1.115 6.558 89.818 1.115 6.558 89.818
7 0.511 3.005 92.823
8 0.480 2.825 95.648
9 0.337 1.983 97.631
10 0.215 1.267 98.898
11 0.127 0.748 99.646
12 0.060 0.354 100.000
13 3.042E-016 1.790E-015 100.000
14 2.197E-016 1.292E-015 100.000
15 —1.159E-016 —6.816E-016 100.000
16 —1.695E-016 —9.969E-016 100.000
17 —3.639E-016 —2.140E-015 100.000
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Table 8 Values of principal components and synthetic analysis 15 N .
indexes in different blueberry cultivars 3 2 -1 0 1 2 3
F o4

R F, F, F, F, F He#
WHE 1684 0145 0218 0047 1.020 0598 2
KAEWEA 0652 2599 0535 0.180 —0.107 0614 1
PO -0.898 0706 1573 0.136 1384 0316 3
YR 0262 0207 0673 -0313 -0.752 —0.032 7
W -0919 -0.104 -2.161 -0.760 -0.484 -0.735 13
E 0771  0.012 —0.190 -1.999 —0.990 —0.173 9
THAFA 0401 -1.077 1640 -0.829 -1.077 -0267 10
Hi 1.758 -1206 —0.391 0221 0948 0263 4
iR -0443 -0.023 -0285 2108 -1.345 -0.041 8
XG#H  -0272 -1271 —0.783 0472 0510 —0339 11
FERL -1.683  0.107 -0381 —0.691 1.609 0388 12
HEW 0179 0410 0582 0285 -0.725 0.182 5
FVH O -0.165 -0.506 0.040 1.142  0.009 0.002 6

KN 12.097% Fl 9.971%, F K 5 4 18 B4 K,
SOD fH Bifi Z ¥4 K5 F= sy 5 (EHG K, 4675 F(E iy
Ko GG 1Rl 3 AT A, W5 OkE A . ZERL. BMA%E.
B2k BR4EK . H A A3 TRIRFEA N SOD i
FEF, MEER . MMARE. FEPE . X6 . H L A3
JURP AP AT 28 & ks, Horh, ZERL. BMAdE. B
H | ARSEEANT A BARSC AL, SOD 5EE R &=
s PR R BIAR ST AT A5, (BT 3R 544
2 C. SOD & hr 2 IE B, KRtk e URP sz b Pl a4
kg, ol T EEEE AR I T,
2.6 BEDH

XPARR LB WE BRI 13 A~ SR T R G RISy
BT, SR BS 22F 07 il (ward 35), 24 RRCIE B5=5 A,
AW RE S RS, G5 R ANE 4 s, B2

K3 Bt

Fig.3 Principal component analysis score chart
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Fig.4 Cluster analysis dendrogram of different

blueberry cultivars
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Table 9 Sensory evaluation results of different blueberries
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