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ABSTRACT: Objective To construct a quality evaluation system for locally-produced grapes in Shanghai based
on the key characteristic quality indicators. Methods By measuring 14 sensory and internal nutritional indicators of
57 batches of samples from 4 grape varieties, factor analysis was employed to screen out 8 core indicators, including

soluble solids, total acids, solid-acid ratio, tartaric acid, glucose, zinc, vitamin C, and anthocyanins. Based on cluster
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analysis and the analytic hierarchy process (AHP), a three-level grading standard and weight distribution were

determined, and a comprehensive scoring system was constructed. Results

Results showed that the quality

indicators of soluble solids, glucose, vitamin C and anthocyanins were relatively high in “Ju Meigui” variety, which

had the highest average comprehensive score (81.6 points), and was significantly superior to “Zuijinxiang” (68.4

points), “Yangguang Meigui” (64.4 points), and “Shenyuan” (62.8 points). Conclusion The evaluation system

established in this study exhibits high discriminant accuracy and can provide a reliable scientific basis for the quality

grading, variety optimization, and market promotion of Shanghai-produced grapes.

KEY WORDS: grape quality evaluation; factor analysis; analytic hierarchy process; grading standard; characteristic

indicators
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Table 2 Differences in quality of 4 types of grape varieties
B R g ARSI R " SR AaaRE AR R SRR 4eERC i EEE
(g/100g)  /(g/100g) Ag/100 g) /(g/100 ) (g/100g) (g/100g)  Ag/100g)  /mg/100g) /(mg/kg) (mg/kg) (mg/ke)
2024-IMG-1  19.25 0.25 76.8:1 8.79 9.12 0.53  0.11 0.60 2.81 0.10  2.00 4.06
2024-JMG-2  20.08 0.29 69.7:1 8.76 9.61 0.53 022 0.56 2.54 0.07 9.85 5.50
5 2024-JMG-3 18.08 0.29 64.3:1 7.50 8.45 044  0.19 0.59 455 0.07 13.20 7.54
B 2024-IMG-4  21.42 0.25 86.7:1 8.65 9.72 0.37  0.18 0.49 4.43 0.07 11.81 8.33
" 2024-IMG-5  18.17 0.29 61.6:1 7.69 7.99 043  0.17 0.68 4.57 0.07 9.05 2428
ot 19.40 0.27 71.80 828 8.98 046  0.17 0.58 3.78 0.08 9.18 9.94
+1.40° +0.02° £10.2:1* +0.63°  +0.75° +0.07* +0.04° +0.07° +1.01°  £0.01* +4.33* +8.19°
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TEM(2/100 g) (/100 g) A(g/100 g)(g/100 g) (/100 g) (g/100g) /(g/100g) /(mg/100g) Amgkg) Amgkg) Amgke)
2024-SY-1 18.00 021 853:1 807 777 0.46 0.26 0.87 127 0.8 778 29.03
2024-SY-2 18.67 039 493:1 780  7.86  0.46 0.35 0.58 3.89  0.08 8.77  10.29
o 2024-SY-3 1783 034 56.0:1 948 825 033 0.27 0.60 422 0.06 8.45 27.97
bl 2024-Sv-4 1808 036 513:1 779 737 051 0.28 0.76 429 0.07 330 9.20
Yy 1815 033 605 829 781 044 029 070 342007 708 19.02
037" £0.08" £16.81® £0.81° £0.36° +0.08°  +£0.04* +0.14 £1.44° £0.01°  £2.55 £10.85
2024-YGMG-1 1608  0.19 8451 791 741 050 0.19 0.37 0.97 0.07 776 0.85
2024-YGMG-2 1533 025 619:1 687 620 0.57 0.10 0.44 0.75  0.08 756 1.4
E,Eﬁ 2024-YGMG-3 1600 028 58.0:1 665 671 0.56 0.17 043 259 0.07 790 234
i 2024-YGMG-4 1583 025 62.6:1 7.63 589 0.39 0.19 0.50 2.59  0.06 1153 5.77
B 2024-YGMG-5 19.67 023 858:1 893 865 0.53 0.14 0.51 3.16  0.07 923 138
¥yt 1658 024 7060 7.60 697 051 016 045 201 0,07 880 232
£1.75°  £0.03° £13.41° £0.91° £1.10® £0.07"  +0.04*  20.06 £1.08° £0.01°  £1.66° +2.01
2024-ZJX-1 17.17 032  540:1 747 854 0.56 0.17 0.62 3.59  0.07 6.77  2.12
2024-ZJX-2 2183 037 60.2:1 9.0 1051 0.63 0.23 0.61 562 0.06 676  1.13
W 2024-ZJX3 18.67 035 52.0:1 745 845  0.46 0.23 0.58 436 0.06 9.03 5.6
4 2024-ZTX-A4 1825 037 489:1 882 896 0.53 0.14 0.56 476 0.07 6.87 2.8
T 2024-ZTX-5 19.75 033 597:1 799 871 0.57 0.24 0.54 467 0.07 726 185
o 1903 035 550 817 903 055 020 058 460 007 734 253
£1.77°  £0.02° 491" £0.76" +0.85" +0.06°  +0.04>  +0.03 £0.73* £0.01°  £0.97° +1.59
WS BE AR F NG FRERR AR S AR 7E P<0.05 K225 W3,
22 EE@BRIERNTHE Table 3 Tfili ofaiffiiﬁfcoefﬁcients
SR HERRE _L VT A R R e R, X 14 T R EE HT 2 HWT3 HT4
B BRI TR LA B S, JFR 404, FIWT 4145 AT FIE Y 0.882 0.253 ~0.108 0.210
FRAEAENE 32 3543 FR AR A, HAREE SRR 3 Fim. il 4 Py 0482 0248 0.647  —0.344
ANHTF 7 2 TR RIA T 77.964% . Forh, 5 1 B F 45 IR He 0.561  —0.015 0298 0.558
MR A 35.800%, 1R AAEFHEAR o AT 1 [ 2 0 o 2 LakeLs 0128 0.863 0290  0.198
5 2 BT TR R 17.288%, RIS AR I 4 BRI VR 0.566 0442 0473 0.172
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BR . HEINE. FF. 4EER C MIEH R 8 WiEhR, 1Eh Hifg Yk 2% C 0.757 0.340 0.275 —~0.435
7 2 2 P AR AR FEMFER% 35800 17.288 15412 9.464
BRUrEMBEE/% 35800  53.088 68.501  77.964
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Table 4 Cluster difference analysis of soluble solid
content data (g/100 g)
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Table 5 Cluster difference analysis of total acid
content data (g/100 g)
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Table 6 Cluster difference analysis of solid-acid ratio
content data (g/100 g)

RIS CH IR HE DR 22)

A I TSR F P
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s 51917+ 6225+  83.82% e
Gy 2733 3.569 2005 119:866 0.000
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*=7 BARSEHRERLERM (/100 g)

Table 7 Cluster difference analysis of tartaric acid
content data (g/100 g)

BRI CFEE AR E i 22 )

AR TR K1 %903 F P
(n=12) (n=30) (n=15)
P 0.345+ 0478+ 0.641+ o0 0000
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e Al/% 21.05 52.63 26.32
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FETHAR R REAK 430 32, R 1 Amisk
h 20, BT E R 52.63%; TEAZRGI_2 MARECN 8, i
HESEHR 21.05%; RIF_3 WECK 10, FrbE
N 26.32%, FEILER 8, Z5REHING FAS B #EM, B
PE P o 0.000%%*, K- b SR S, LR,
A AT IRAE RIS TRIAr  S Z I A B 22

WA A P B —, BRIk E
BRI, XA A RN i A R . B A A
ok I P A T Y i« S i 010
Hh O] A W A A TOR P B R T TR, 48
AR O RV A A T R AR — . AR
RESHT, W E & R AR ER, NP0 1
FITEE AN AR AL T RR AR . AR 1 A A A e, AR
e A A B R AT EA T AT G, RERE T KT T B R Y
ANTRI TR S, v 4 1 T S L

#x8 EEESERBBLERMS(g/100g)

Table 8 Cluster difference analysis of glucose

content data (g/100 g)
R BRI 22)
T TERE T TR e T F P
(n=8) (n=20) (n=10)
St 6.502+ 8.209+ 9.613+ 89.526  0.000%**

0.556 0.422 0.564
T [l <72 7.2~8.8 >8.8

/% 21.05 52.63 26.32

i

237 4

FEFEIG LR REAK] 73 32, B2 1 I9AEL
h 16, FIFdiE SR 28.07%; TEEST_2 ARECK 28, i
HESHR 49.12%; RISFN_3 MAECH 13, FrbhE S
IRy 22.81%, FEWLFER 9. SiRBHAX TR, BEE P
7 0.000%**, KRB ENE, AR, AR
BEER IR 4 2 Z R AE BB 25 5

PERHAERERFENLHENHMECREZ —, 235
BEN 2R AR, AN RLET . SRR
WP AR A B E R, SRS EA TR
SRR SRR o, X T R A A
AR M TOE P AR FERT T IR ABEY, 255
BETCFE NI S AR T A R L ARl R
SYBT, K BES RN AR G, SV A A 7 SR AT
FA AR BUIR AL TR AR . 7 R R R, AT LU
MR S BT A AT 0 o

F9 HESREREEFMUIN(E100g)
Table 9 Cluster difference analysis of zinc content data (g/100 g)

RIS CP IR 22)

L T R TR TN F P
(n=13) (n=28) (n=16)
AL 4.039+ 7.896+ 11.94+ s
iy 1 803 e Py 82.909 0.000
Fien izl <6.0 6.0~9.0 >9.0
H /% 22.81 49.12 28.07
238 $%A%EC

FETFHIRFAERG AR 20 325, RZRH) 1 MAEL
h 32, i E A HR 56.14%; RIS _2 MARECH 18, fr
diE A EG 31.58%; RIS _3 AIRECH 7, Fidi E At
K 12.28%, FELFER 10, ZRFWUXFAREGEAR C, BF
PE P R 0.000%**, 7K [ 3G, R4 R, diAR
WYEER CIERIHT RSN Z A B E 25

F10 HEEFRCFERERBLERM I (/100 g)
Table 10 Cluster difference analysis of vitamin C
content data (g/100 g)

AT CF I (b HE G 22 )

S Y TN Y TP T F P
(n=7) (n=18) (n=32)
=X 0.742+ 2.663+ 4.493+ s
P 0342 0433 0.599  173:025 0.000
Ju <1.5 1.5~3.5 >3.5
Hefil/% 1228 31.58 56.14
239 FEE

FUARORAEIOME RS A A A RS, B F RS RS
FIHZITEDTEALRE Sy T o . LT R frb A
ARG R 3 2, BB 1 WIRECH 45, BTSN
81.82%; IS 2 A%k 3, BT 5 E 4 ELN 5.46%; &
FEH 3 ARECh 7, BT S E N 12.73%, FEWLEE 11,
gE L RIANT TAARMAT X, &M P~ 0.000%**, /K |
B EN, 4R, sIARE A KRR
SN Z A B 2

11 AEZRSEBREREERMSM(@100 )
Table 11 Cluster difference analysis of anthocyanin
content data (g/100 g)

BRI CFIE R E i 22)

AW TR kgls . kw2 F P
(n=45) (n=7) (n=3)

P 2.492+ 17.271+ 69.2+ .

R 2.252 4.504 g.741 689661 0.000

Ju <10.0 10.0~30.0  >30.0

e A1/% 81.82 12.73 5.46

BRI M7 S B BAR AN 12 FrR .
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23.10 SBRGEAFNAFESFEGES

R A 250 5 1 8 T 5 e s ok S L EE SRR, R
FH1~9 FREEWE, PR 000025 5 BreAm i U PE A J W
BERE, WL 13, ARBEMN 1~9 FoR N 1-RIFEE 2L, 3-Ryfan 2L,
S-HEES, 7-5RAVE S, O-WumE 2, DIRRARARNT I, il
13 AR ARV TR R P A A T A =0 (R I
B4 1, VIR EIEY & EA S T R EAEE S,
TR, WRA T 1~9 bR A IR, T
PEUT AR 7™ i 0 S AR AR AN R, IS T RIFAISER . AFSEE
YHAR, G568 SN RS, B 1~9 bREE A
SRR, RE6% 5 UL 2 W45 T8 b 22 1] A9 AH X T 2k

F12 LBt EE 8 MARITNIERE S RinE
Table 12 Grading standards for 8 quality evaluation indicators
of grapes produced in Shanghai

£zt —4% —% R
A ) <17.0 17.0~19.0 >19.0
BB >0.32 0.26~0.32 <0.26
[ 2 <55.0 55.0~75.0 >75.0
ki <72 7.2~8.8 >8.8
AR >0.60 0.40~0.60 <0.40
B <6.0 6.0~9.0 >9.0
& C <15 1.5~3.5 >3.5
HHR <10.0 10.0~30.0 >30.0

R 13 EVTHNHIEEERE

Table 13 Subjective evaluation judgment matrix

£zt A TR B I 7% H I AR B fA% C HER
AIEPERIEY) 1 1 1 5 5 9 9 9
B 1 1 1 9 0.143 9 0.143 9
[ B2 Lt 1 1 1 0.2 0.2 9 0.2 9
ikl 0.2 0.111 5 1 9 9 3 7
AR 0.2 7 5 0.111 1 9 0.333 5
B 0.111 0.111 0.111 0.111 0.111 1 5 5
HeEERC 0.111 7 5 0.333 3 0.2 1 5
HHER 0.111 0.111 0.111 0.143 0.2 0.2 0.2 1

K A ABUE X & bRl T2 R T, AE SR
14 PR, Z5RFM, BIRYIRAER 22.672%, SR
BN 16.696%, [EMEHLAALEE N 9.854%, A BHIIAE SN
17.158%, WA FRIALE N 13.800%, FERUALE N 5.521%,
Y2 C BALE N 13.088%, EH KA R 1.211%. &
KIFEMR Ny 16.164, HHEFEHL— 4845 (random index,
RIF A FXT A R A 1.404, [Fi— Sk H
(consistency ratio, CR)=—2%14:+45F5(consistency index,
CI)/RI=0.062<0.1, T — XML, AN AT

x14 BROWER
Table 14 Results of the analytic hierarchy process

EgE] FRfibm e RE/% mOREREAR CIE
AL PEETEY 1.814 22.672
BB 1.336 16.696
[T/ L 0.788 9.854
W 1.373 17.158

16.164  0.087
AR 1.104 13.800
23 0.442 5.521
#EEC 1.047 13.088
HHR 0.097 1.211

FE, FF TSR, AE T PR R R Rk
I CIETAE

PLZ IR ST 2 AR AR A EE e L) 100, 7 FA PRI/,
Y2 BT bn W o, 8 JHLAh BT Fe4n i 4 S F1 SR 100
43 o IIZIR TRARARTG AMEIN) 33% 4 =54, i E & H 1555
BAGRAIPE AR e WL 15, ek PRt s b, R
TR T DA R PA R AL AR5, W T AR B LT
TN BITF il ARTFSATARIL I, 456 1 Hh ™4
HISEPRIE O, HES7 T BB A PE A
2311 HHERSE 54

SR _EIRBTEEST (IPEA RIS 19 HEREBFEAIKEE S
1353 4y, A5RANFR 16 FR. 3R 16 HEURATLIE H,
AFHERE TP E I B 25 5, X R4 MAZ (5]
TESD T AR R 2R (LB, EBORA Ty
TEAM(81.6 47) 2 = TR A A (68.4 41) FHIEEI(64.4 43 FIH
FE(62.8 430 AWFR P EBERGFIAIIL RN, FZIHNFH
ARG E R . TRBEIE R R AR . B S AR
15 5 BUR DR E, A K 2 B0 B A A T 0 R A
AT H F I 3 DO R T L9 3R %) TR, (R S BRRA 3 T R
PP, PBEEINEEE . BE3E . XA SRR A ST R4S
&, 3 E BORAES BTN PRI, A5 TR TS,
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Table 15 Scoring standards for 8 quality evaluation indicators of grapes

Ei oy "t (o —% 1345 ERE/ 1545

AIEEPEREY) <17.0 8 17.0~19.0 15 >19.0 23

BB >0.32 6 0.26~0.32 12 <0.26 17

[l iR Lt <55.0 3 55.0~75.0 10 >75.0 6

ket <72 6 7.2~8.8 12 >8.8 17

AR >0.60 5 0.40~0.60 10 <0.40 14

B <6.0 1 6.0~9.0 3 >9.0 5

fih:% C <1.5 4 1.5~3.5 8 >3.5 11

HEHR <10.0 1 10.0~30.0 2 >30.0 3

F16 MHAREBHER
Table 16 Scoring results of the samples

e FEA G5 AR B BRI A AR B O REERC EHR By
E 2024-JMG-1 15 17 6 17 10 1 8 1 75
E 2024-JMG-2 23 12 10 17 10 3 8 1 84
SREE] 2024-IMG-3 15 12 10 12 10 5 11 2 77
E 2024-IMG-4 23 17 6 17 14 5 11 2 95
E B 2024-JMG-5 15 12 10 12 10 5 11 2 77
H 2024-SY-1 15 17 6 12 10 3 8 1 72
H 2024-SY-2 15 6 3 12 10 1 11 1 59
Hi el 2024-SY-3 15 6 10 12 14 3 11 1 72
H 2024-SY-4 15 6 3 6 5 1 11 1 48
FHOGE I 2024-YGMG-1 8 17 6 12 5 3 4 1 56
FHOGECR 2024-YGMG-2 8 17 10 6 10 3 4 1 59
FHOGE B 2024-YGMG-3 8 12 10 6 10 1 8 1 56
FHOGE B 2024-YGMG-4 8 17 10 6 14 5 8 1 69
FHOGE I 2024-YGMG-5 23 17 6 12 10 5 8 1 82
47 2024-7JX-1 15 12 3 17 5 1 11 1 65
T4 2024-ZJX-2 23 6 10 17 5 3 11 1 76
ey 2024-ZJX-3 15 6 3 12 10 5 11 2 64
T 7 2024-ZTX-4 15 6 3 17 10 3 11 1 66
47 2024-7JX-5 23 6 10 12 5 3 11 1 71

PR AR S S8 bR b 3 AR G55, 191) 2an ] 26 A
TR AR A P AU, S EOLE IR IR BRI AR
X AT BE S B BOB A A PRI G A BRI S5 R G
ZOFHFPIO ST D, BT A R IR AR R X A
JRCA SR, i R AN [ B AR 5 G A B 05 2 1 2 & 0 2
Ffy2E5t o XH BB, AR AR R O A
A TEAEAS G BRAE, AR AT BERS W > AR R, kT
FCah RSy o B A FIRR Pl 7 25 RO R T O,
AIREE M T ENEZ A MRS BRI R .
IR BEAI B, 2R RRIE AR LR il BE 252 B — &
SN R el AT R [ 05 BB R il PR IR B B

IR, AR T HEE A A T . SE A X R [

RS S AT, RENS KA R SR X e

W, DAL AL RIS S, $ s A R

3 7 8

3.1 IEMFENRNEMHSEEM
WETFHTFARELER A, N 14 A NTEE FFE bR

WU T 25 TRER = T8% T 4 A EHTF, W T i

BELORREE . KUK . EFERAEZA G E, R

T T I . . R . A, WA
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