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Abstract: Objective: To explore the comprehensive quality characteristics of blueberries. Methods: 20 indexes including
sensory morphology, nutritional function, free amino acids and volatile flavor substance content of six varieties of
blueberries in Sichuan were detected by automatic amino acid analyzer and gas chromatography-mass spectrometry and
other instruments. Furthermore, its comprehensive quality was evaluated by the principal component analysis and cluster
analysis. Results: There were differences among different blueberry varieties. The single fruit weight (2.06 g) and
transverse diameter (14.39 mm) of Brigita were the highest, while the gumminess (151.96 N) and total phenol content
(1.64 mg/g) were the lowest; Mistry had the highest free amino acid content (453.72 mg/100 g), and the proportion of
umami and sweet amino acids was higher; Emerald had the lowest free amino acid content (122.93 mg/100 g) and the least
variety; Gardenblue had moderate hardness, its sugar-acid ratio (28.23), anthocyanin content (2.09 mg/g), total phenol
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content (5.78 mg/g) and flavor substances content (14.60 pg/g) were the highest. Conclusions: According to principal

component analysis, the optimal variety was Gardenblue. Cluster analysis divided blueberries into three categories, suitable

for fresh-eating varieties including Gardenblue and Legacy; suitable for both processing and fresh-eating varieties were

Emerald, Brigitta and Misty; while Bluerain had outstanding processing advantages.

Key words: blueberry; variety; quality evaluation; principal component analysis; cluster analysis
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1.2.3 A6 AP g e 2 s B AH i 2 RHE
FEMR [ B 53 AT A SO Ui 2 A B 2 ik, A S A AR
#& GB 30987-2020 FH 4 T it B 2 ZE 1R i Il <2 ) i
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HREE 200 °C, B2 AR 250 °C; B TR : EL; LT HE
HE: 70 eV; FHHTEE: 35~625 amu.
1.3 #HIELIE

J A B s LT BIE R fE 25 3R, SR FH SPSS 26
BRAE X B S BE4T Duncan’s 22 53 8.3 1434, P<0.05
B 4 325 dEad SPSS 26 BRI T ERST 5T RSy
#7; % FH Origin 2018 HAHVER .
2 HBRESH
2.1 A REIMMEERERSEMREE
2.1.1 ANElSEApEEsR AR A AR . IR B4R
ks AR 1 nlH, SERER S 0.85~2.06 g,
T 2.00 g BY7F MG TE ANAT B 75 1, SR Sise o s
SRR AR TN, AR 0.85 g, HAS b a1 2255 0
FH(P<0.05) . FlRE RSB IR A EARE S SRIEFE L,
il E RIEFEEE 0.6~0.8 N [RITZ, 0.8~0.9 K [AITE,
0.9~1.0 HFDESR R, 1.0 AL AR BEIEN, 35
SRS/ N HEAGRDIE, g WA ISR, Hoas s Fh
E R BT, X EEAZ WAL IR R e . FHEASR
SRR AR . GAAR AT L AT L I RN SEAR VU R TR
HLAERE, S HrRh . WS AN El E A N AT

1 AR SRR SER L

Table 1 Comparison of morphological indexes of different

varieties of blueberries

Al HRBTE (o) R (mm) AE(mm) HUBSEE RITER

REPE  2.0120.03°  13.44+0.77° 10.25+0.59° 0.76+0.04° J@[HTE
SEEA 1.86+0.09°  13.00+£0.86° 9.86+0.75° 0.76£0.05° AP
B 1.35+0.06°  11.21£0.77¢ 8.13+0.60° 0.72+0.03¢ Jm K
W 0.85£0.02°  9.69+0.52° 8.90+0.44° 0.92+0.04* HHIFETE
AHEEFE  2.06£0.07°  14.39+0.50° 11.32+0.90° 0.79£0.05° i [FJE

2] 1.09+0.08  10.85+0.51¢ 8.99+0.63° 0.83+0.05° [T
H: RPN AR R 24 53 .35 (P<0.05), #2~4K5[H] .

2.1.2 AFEEFESE R LR B R E Y
SMFE bR 2 —, 22 LB SRR i i I R,
a (HARLLERIE, b HFR B DY . A ] Pl s
EESENLER 2, A8 P0 | 50 LEEr, B
VA dl A SR Bz B R e, 5 HEA A i 22 57 W 3 (<

0.05) . a’fE 2 0T B ik (1.74) . b™fi 5 52 £ 4% /s
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Table 2 Comparison of chroma of different blueberries

iy L a* b"
P33 41.74+4.6" 1.18+0.11% -6.09+1.42°
G 42.86+3.46" 1.4940.51% -6.10£1.17°
TS 37.07+4.03 1.74+0.10° -5.99+0.95"

R 28.75+2.52° 1.02+0.25¢ -4.84+0.75°

i RER 25.30+1.98¢ 1.43+0.95% -4.63+1.36"
el i 35.13+2.79° 0.65+0.06° -5.19+0.84%

2.1.3 AEEFPERTA LR e 3 nTAL ASEGE
Fb i REAE S 7E 408.37~805.67 g JEIE N, SR P 54
FARE AR Y, 5 HAY R R 255 1 25 (P<0.05) . it
PEAC R 5 5557 BB 5 e — B Ta] Py Pk &2 IR O RE
JEN, AT LABRAR R AR — IR S S5 RIS
(PR BTG . WS RE RO BAMERRS S A A8, HAT S 22
ST W N ATSERS PR AR TR, 435128 296.48 N
1 280.33 N, /MY A HLFEEE (151.96 N) 5 RHIEE
2 W AR S L R RS T, WA R AR NELIRR e
K, PRI L, WG AR, LU SR SIeAs v, /N R A
HITHIE
F 3 ONIA AR IERE T LA

Table 3 Texture comparison of different blueberry varieties

A T (g) FE(mm)  EAREN)  IEEE (m))
JFARPE 715.31£90.61°  0.69+0.03°  280.33+41.8°  183.67+26.75°
LREA 741.75£120.21° 0.63+0.07°  246.59+36.6°  162.55+24.19°
WM 439.41480.36°  0.69+0.03* 170.33+15.88¢ 114.44+12.06°

T 805.67+68.21°  0.65+0.02" 296.48+24.82° 193.86+19.31°
HHEER  408.37£58.17°  0.66+0.06™ 151.96+20.40° 102.58+13.49°
el % 510.65+55.66°  0.69+0.09° 225.74+20.53° 155.33+19.93°

22 A REImMEEEFRINEIERELE

2.2.1 JKGy . AIEEMEEDEY (TSS) . B JEHE . AT TE
MEABER SR LR AR 4 AT, 6 R K 4
Tl 80.83%~88.11%. WA TSS. RIS &
e SARAY S HE T, H: TSS Al sl &8 Ch
FElE ) 70% FN 71%.  FEl i 10 e 2 i 5 18 (0.45% ),
T EEE . BTSSR PEZ B 22 AN B2 (P>0.05) .
Bl 5 AR L e (28.23), B IE | &5 . A Loy
FEpEIR b2, 0 TR SR S0PH IR Lh eIl MRS i
AR & kR, WI2D U BRI MY AN
FIEHHINR . 7K P, AT DIV B A S
222 IEHE. B REIEEILE N 5 ATA,
| 5 AN S T AR T 2R S E B, 430 2.09 mg/g.
1.36 mg/g, SH Ay iERE 225 W3 (P<0.05), X 5
el 3 0 T PN A A SRR R SR A o, SR R E A K
WEE. P Ay R iR S e s ST R
i LB, A R R 28%, FE S B/ b Y A s N
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Table 4 Water content, TSS, reducing sugar, soluble sugar, total acid and sugar-acid ratio of different blueberries

A KAy (%) TSS(%) HEHE(%) AV (%) B (%) WHIR L
FEAETE 85.96+0.16" 10.7+0.12¢ 9.66+1.49® 10.63£0.77° 1.02+0.1° 10.48+1.38"
SEA 88.11+0.83" 11.340.23¢ 7.81+0.45% 11.04+1.26™ 1.14+0.01° 9.66+2.87¢
TS 86.53+0.51° 11.940.12° 9.99:+0.07° 11.70+1.84% 1.00+0.10° 11.74+1.89°

) 85.28+0.15° 10.5+0.12¢ 7.37+0.32¢ 8.93+0.07° 1.18+0.03" 7.59+0.18¢

i B 87.72+0.35° 11.1£0.12° 8.38+0.87"¢ 10.51+0.40" 1.07+0.01% 9.86+0.41%
el i 80.83+0.53¢ 14.940.12° 8.99+0.42 12.61+0.48" 0.45+0.02°¢ 28.23+0.46°

A 0.33 mg/g. HaFNARSERIN, BHIE LLEAR, SEEray
AR, (HINRERSTAE T 3 . Ay & a W, 5

K5 OAFRFIERALT R G TR LA
Table 5 Comparison of anthocyanins, total phenols and
flavonoids contents in different blueberries

i HHE (mg/g) B (mg/g) H R (mg/g)
P 0.84+0.23° 2.3540.2° 0.68+0.06"
GeEf 0.97+0.18° 2.54£0.25¢ 0.58+0.02"
T 1.05£0.17° 3.07+0.13° 0.65+0.01°

WERT 1.36£0.11° 3.01+0.07° 0.33+0.03¢

i L B 0.92+0.14° 1.64+0.04° 0.45+0.04°

% 2.09+0.10° 5.78+0.39° 0.990.13*

23 T RmMEEFFERERER I

AN TRY ity Aol i R U S 2 B R A A i WL 6.
6 A R AEAGIN Y 18 Fhif A s tnR, Hoh, 405
fR 6 A Aol LR, Sk = W 2 R 5 (0 2018 -

AR A TR S BRI AR, H S R R, X
e GRE IR A RARML, RS AR B
i Z2 1 RS (435,720 mg/100 g), A5 HL 35 150
L RS A GRS IR T 200 mg/100 g, {3 # T
BRI 46% F1 28%. Kl i i) 18 Fhad Zhpig b & i Lk
BE A Glu, Ala,. GABA. Lys. Arg. Pro, & &%
KN Gly, lle. Phe. Leu. AHFFEHE H B ILBR A4
Y& BGEEE AR G R R b e AN 6], H AR
R T SRR BRI T R RR TR E 2
SR KR AR A P A IR S 2= S T Re S Has L 2
5. SR IR AR TS 125 G
AR 25 A e 1R 2 R AR L, S35 BRSPS
X AERO () S ZE I FEAEAS T, S Ur Rl 1 2 1R
A3k 5 24 mEBR KR (Asp. Glu., Gly. Ala, Lys) .
R IEAR (Ser. Thr., His. Pro). J5FiERA IR (Tyr.
Phe) . #FRZE LR (Arg. Val, Leu. lle) FIH A (Asn,
GABA. (Cys),). HIE 1 Al %0, AS[R] iRk AR L ek
SR 22 5 AR T HAD 22 PR 22U 5L, W R A ]

F 6 AE AR R R E SRR K

Table 6 Free amino acid composition of different blueberries

B E IR (mg/100 g) AT LS el BT W I el i
KA IR Asp 8.128+0.78" 8.319+0.63" 10.989+0.71* 8.767+1.34% 7.240+0.84° 9.128+0.77"
VR Thr 1.690+0.62° 1.971+0.78® 3.103+0.70° 2.108+0.71% 1.84+0.57° 2.688+0.65°
225 R Ser 5.019+0.72° 6.735+1.40° 5.882+1.41° 6.025+1.40° 6.1+1.48"° 5.382+0.64°
KA B Asn 1.75240.70° 4.115+0.74° 29.074+1.40° 4.843+1.39° 4.135+1.40° 4.681+2.14°
BAMRGlu 10.556+0.70° 16.072+1.41° 28.187+0.71* 14.889+2.11° 14.339+1.42° 30.914+1.35"
H&ERGly 0.443+0.44° - - 0.353+0.21° - 0.576+0.35°
WL Ala 12.722+1.41° 12.560+2.11° 11.155+0.08" 11.797+1.41* 12.566+1.34* 7.364+0.91°
AR Val 3.710+1.41° 3.071£0.64° 4.058+1.49" - 2.825+0.85¢ -
SraiRlle 0.730+0.27 - - - - 0.717+0.33°
SLE R Leu 0.772+0.28" - - - - 0.760+0.26
7-RA A TRGABA 27.944+0.28° 28.626+2.12° 17.028+2.11¢ 24.561+1.38® 19.897+1.56% 22.158+0.77*
ZH# W2His 1.761+0.82° 2.675+2.12" 5.030+1.43° 1.549+0.76° 0.929+0.05° 0.639+0.50°
#iE M Lys 36.874+1.41° 38.052+1.41° 42.145+2.05° 30.590+1.40° 19.015+0.64° 5.970+1.45°
FEE R Arg 60.693+0.79° - 212.721+3.54° 51.791+2.13¢ 24.516+1.34° 89.471+1.28"
fifiZ #%Pro 73.090+1.41° - 66.349+1.42° 66.575+1.43¢ 83.612+1.40° 45.865+2.22¢
AR 2 F2Phe - 0.737+0.27 - - - -
AL (Cys), - - - 3.810+1.40° 1.995+0.84¢ 3.450+0.73"
SR Tyr - - - - - 7.876+1.41
Wit E IR 5 1 (%) 17.800+0.21° 35.650+0.40° 11.320+0.33¢ 14.360+0.30¢ 11.900+0.20¢ 4.260+0.03¢
W A LR i 245.880+4.13 122.930+3.21° 435.720+4.33° 227.660+5.16° 199.010+2.18° 237.640+3.25°

T RPN RNG PR 2257 235 (P<0.05), K TIA
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& 250 24 A EMMEEFZEL XKD T
2 0l AR ] it R R 2 AR 12 53 WL 7 6 4
2 100 SRR RS I 73 i A P KU R Sy, e, B
30 LA BRI Y 36, 35 FRESUNSY, SRS P FIE
’ S P FRGEIN 31 R SO S, A7 LB R TR 53 S
)@&’ W & M 23, 26 FRFESUST, AR SR EE SR A ST
wi NS E2ZE SRR . R S) S Sohs
B 1 AN [R) A 2 2 SRR VG R % 22 0 S B ¥ (14604.72 ng/g) , FiiR W5 A
Fig.1 Flavor characteristics of free amino acids in (7052.68 ng/g), AR PHHF NS> B A%, AA B i
different blueberries () 11%.
7 A EPP R R R T B (ng/g)
Table 7 Composition of volatile flavor compounds in different varieties of blueberries (ng/g)
o

Hy CASE e o :

L I B3 g WM £ Sl i el
470-82-6 eI 593.93+9.59 - - - - -
78-70-6 I A 1123.29410.13¢ 124.92+4.10° 629.74+7.81° 1454.75+12.10° 949.27+9.12¢ 6621.32+15.21°
98-55-5 alpha-FA i 31.58+1.02¢ - - 278.88+3.34°  201.95+1.23°  581.89+4.66°
7341-17-5 2-ZH O AR - 159.65+1.02° 203.29+3.41°  52.56+0.46" - 61.77+0.82¢
97-99-4 DU S - - 34.27+0.11 - - -

_— 18409-18-2 JR-2-BE I - - - 52.04+0.13 - -
536-59-4 EPiN - - - 26.17+0.09 - -
7786-44-9 2,6-T- I - - - - 666.71£10.21° 1329.42+13.20°
5921-73-3 2- T4 1% - - - - - 1257.75+16.21
34995-77-2 —HH-5- 2 HE DU A Ab-2- 1wk g Y st - - - - - 210.22+2.46
74962-98-4 S -2- = - - - - - 32224021
112-53-8 B - - - - - 22.85+0.34
100-52-7 AR 179.07£1.23°  63.25+0.43° 172.37+1.66°  280.74%3.25 - -
2548-87-0 J2-2- W 52.37+0.45 - - - - -
124-19-6 TR 216.30+2.71*  205.13+1.96 - 206.29+3.77° - -
557-48-2 S -2,6-T- It 21.73+0.70 - - - - -

— 18829-56-6 L -2- A 56.55+0.45¢ - - 116.21+1.21° - 73.58+0.48"
112-31-2 3 90.85+1.027  150.79+2.70° 119.19+0.98° 223.01+4.21°  169.68+2.33°  269.42+3.22°
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124-13-0 IESERE - - 101.10+£0.77 - - -
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141-27-5 MRE-3,7-— F H-2,6- I - - 49.70£0.36°  80.60+0.93° - -
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1139-30-6 AALATTE - 27.75+0.50° - - - 13.4140.06"
5989-54-8 ) -Frigss - - 48.98+0.80" - 1005.06+17.99" -
11028-42-5 ELN - - 77.59+1.55 - - 160.00+2.52*
489-39-4 (+)-Fte s - - 26.74+0.39°  92.31+0.81° - 25.34+0.08"
5989-27-5 ATTEE A - - - 874.75+10.02 - -
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138-86-3 X - - - 413.40+5.11 - -

29548-02-5 g =% - - - - 197.79+1.44 -
1195-92-2 (R)-SEMbA IS - - - - 58.25+0.62 -

6931-54-0 beta- A JRLE - - - - - 41.04+0.09
77-53-2 FAA G - - - - - 33.44+0.07

2437-56-1 1= - - - - - 9.1620.41

13361-34-7 LRS- 29.56+0.11° - - 42.56+0.41° - -
103-11-7 WER2- 2.3 C g 59.52+0.72°  195.99+1.01° 258.17+£3.07° 208.77+2.27° 122.60+1.44°  288.69+2.93"

6846-50-0 2,2,4-—HF-13- 0 B FTHEE  61.89£0.60°  123.61£1.02° 262.23+2.33*  179.46+0.88°  205.99+1.63°  109.15+1.00°
84-69-5 PR R 5 T R 67.91+0.17 - - - 11.73+0.03° -

23853-33-0 T A U2 RS- F2 Y i - 25.9140.28°  57.79+0.51° - - -

25415-84-3 2-ZFEC R - 85.05£0.72°  64.54+0.51°  71.76£0.40°  28.34+0.05° 56.80+0.34¢

X 141-12-8 CIRFEAETR - 21.13+0.02 - - - -
2566-89-4 A6AE VUL B i - 46.21+0.15 - 24.76+0.04° - 30.73+0.21¢
1731-88-0 =R AR R - 4334+0.11°  42.26+0.17°  34.10+0.12° - -

111-82-0 FIAERR W iR - 90.66=1.03° - - 43.71£0.18°  113.50£0.77°
110-42-9 ZEHR PR - - - 33.28+0.24°  16.57+0.04° 83.95+0.60°
110-38-3 B LR - - - - - 76.25+0.35
115-99-1  3,7- M Kk-1,6-2F ZJf-3-F R iR - - - - - 57.20+0.15
112-12-9 FP T 25 Y 127.08+1.22¢  387.23+2.88°  231.92+1.55° 238.54+3.03°  475.42+3.50°  47.26+0.22°
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Ak 821-55-6 2-T-fifil - 235.09+2.11°  80.24+0.71°  133.05+0.34>  53.72+0.23¢ -

’ 464-48-2 T TR G - - 123.43+2.03 - - -
2345-27-9 2--| U - - - 90.45+0.30 - -
6485-40-1 Ze e - - - - 145.00+1.39 -

95-47-6 Eith S 198.51+1.08 - - - - -
629-20-9 RoF DU 710.7549.22°  647.15+4.70°  860.01+10.33"  332.56+4.12°  325.96+2.09" 1024.07+15.23"
629-50-5 1E =k 17.9240.03°  182.47+0.40° - 61.31+0.12°  40.51+0.06°  215.79+1.13"
544-76-3 RNAYSH 18.72+0.03¢  19.97+0.01¢  47.85+0.20 - 26.34£0.33°  116.96£0.73°
112-40-3 + 18.39+0.027  81.07+0.53°  113.16£0.77°  33.26+0.11°  43.38+021¢  164.23+1.00°
o 1120-21-4 ke - 39.11+0.06°  34.58+0.03°  74.61£0.12°  37.30£0.01° -
119-36-8 KA T ik - - 142.91+1.02°  160.12+1.34° - 287.87+2.11°
15869-93-9 3,5- R - - 44.19+0.40 - - -
124-18-5 ZEh - - - 71.63+0.40 - -
5333-84-6 3-FBL PO SUR T - - - - 416.90£6.11*  365.93+4.03°
1138-52-9 3,5- BT HOR - - - - - 28.89+0.02
629-59-4 ke - - - - - 40.070.05
M 4466.41+£16.42° 1618.06+12.02" 4942.14+18.29" 7052.68+23.01° 5800.32:20.44° 14604.72+17.96"
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Fig.2 Proportion of aroma components in blueberry
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Table 8 Principal component characteristic values and
cumulative contribution rate
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Table 10 Principal component score and comprehensive score
of different blueberries

B HFAE DR (%) BTk (%)

1 8.834 44.169 44.169

2 5.606 28.029 72.198

3 3.405 17.025 89.223

#9  FRUEMER
Table 9 Principal component load table
B %
E{=E7
1 2 3
HURE (X)) —0.443 —0.653 0.122
FIBHRE(X,) 0.059 0.939 —0.292
L'(Xy) 0.119 -0.277 0.910
a'(Xy) ~0.634 ~0.633 -0.019
b'(Xs) ~0.209 -0.051 ~0.887
T (X ) —0.348 0.692 0.620
P (X,) 0.583 -0.405 0.119
JEEREPE(Xg) -0.09 0.734 0.65

MR (X ) -0.025 0.743 0.644
IRIFEH(X,p) ~0.907 ~0.35 -0.005
TSS(X,,) 0.972 -0.072 —0.125
W (X ) 0.361 -0.741 0.279
AR (X ) 0.781 —0.562 0.083
R (X,) —-0.983 0.069 0.059
MR 1L (X 5) 0.986 -0.012 -0.064
HEHR(X,,) 0.873 0.445 -0.181
M (X,,) 0.948 0.271 0.055
(X ) 0.897 -0.305 0.287
U SRR B (X ) -0.167 0.833 —0.438
KA A i (Xy,) 0.874 0.166 -0.190

wh F, F, F, Fu i 4
el 5 5.846 0.755 -0.371 3.060 1
WET -1.752 4215 —0.483 0.365 2
AR T -0.863 -0.872 2.499 —0.224 3
SEA -1.585 -0.009 1.325 -0.535 4
G iyvd 0.252 -2.580 -0.029 -0.692 5
ELE -1.898 -1.508 -2.941 -1.974 6
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Fig.3 R-type cluster pedigree diagram of different
blueberry varieties
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Fig.4 Q-type cluster pedigree diagram of different
blueberry varieties
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