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Evaluation of fruit quality of bagless apple in Weibei area of

Shanxi province based on AHP-EWM

HE Xiaoxiao, WANG Jiaojiao, SUN Lulong, HAN Mingming, GUO Xiongxiong, LIANG Jun*
( College of Horticulture, Northwest A & F University, Yangling 712100, China)

Abstract :[Objective] In order to establish the evaluation system of apple fruit quality under bagless cultivation
mode.[Method] 20 apple varieties were used as test materials, the basic fruit quality indexes were measured, the
core indexes were selected using the coefficient of variation method, correlation analysis and principal component
analysis, and a comprehensive evaluation model based on hierarchical analysis and entropy weight method was
constructed and evaluated for 20 apple varieties. [Results] The results showed that the fruit surface finish index
(v7), hardness (ve), anthocyanin content (vi2), vitamin C content (vi3) and solid to acid ratio (vis) were
representative indicators; the comprehensive evaluation model for bagless apple fruit quality was Y
(comprehensive value) = 0.3556 v7 + 0.1124 vg + 0.2353 vi2 + 0.1837 viz+ 0.1130 vis;[Conclusion] under the
bagless cultivation model, Rui Xiang Hong Pink Lady, Qin Yue, Qin Yang and Rui Yang were the varieties with
better overall quality, while Chang Fu 2, Yu Hua Zao Fu, Yan Fu 6 and 2001 Fuji had poorer overall evaluation
results, and the results obtained from the model were consistent with the actual performance in production.The
results of the model are consistent with the actual production performance in Weibei area of Shanxi Province. The
proposed method model can provide a scientific basis for the comprehensive evaluation of fruit quality of bagless
apple cultivation in this area.

Keywords: apple quality, backless cultivation, analytic hierarchy process, entropy weight method, comprehensive
evaluation method
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SER (Malus domestica Bork.) s&ttFtPU KK 2 —, EHEPFEREIR. a8 E
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43 HiZ:(Analytic hierarchy process, AHP)&—Fi B L WMERITRAU T v, AAAE— 8 MR,
XISEMESFH AHP 5PN AR 7 BORL ., PRI BRI SO B TH 2R B PPAME AT 52K 50
B0 4 HE A o B ) B £ A PR SRR SRS AHP R ITE 3 AL SRR £5 G PR
e, AR B PP BB AT IO, HE ORI B 4% B S R AL H
SERELRBIGE AT, WO R SELLiE i, ERFATRE REMTTT, KT HEA
BT IE T T SR 0 45 B o LT i BE AT R TR A (8 58 R B VP A, SR = RL 25 B PAN
TEARFIZR G VTN 7 1%

DR TC R AT AT SRS VT, ASHI S LA AR R R R
WA, KM R 2¥0% (coefficient of variation, CV) . #H5PE3#1i% (Correlation analysis,
CA) FPCA, WZAR M FIFE R i B fabs, 4 AHP FIR5ELZ: (entropy weight
method , EWM) 735l @ A% AR FRIECE, FFE 2R G VPN a3 ST AR5 i o v
R, DT % & T TR A RS AP o 10T 0T 930 R RER s i i 25
PN TR R RIS %

1 M55k
11 Rk

A A P AL R ARRH RS FKE SRR I B 1) 20 ANSER S (R D, FrA mFi
MRS . BRATEE 2m>dm, fEACHEEM AR M26, 13 424E, SREUCERIREE . WA,
TR CFHVEN Bt B0 RS ) ReAil o AP iR 3 MEM RS M S AR ESE,
BEHLR 30 RSN E RS ot o A i SN VR A R B T--80°C KA, F T2 I AE b o

MsE



R 1A A

Table 1 Tested cultivars

ETRe 2 FR KA H &R R KA H
Serial number Variety name Picking date Serial number Variety name Picking date
1 Z 7H23H 11 eS8 10423 H
2 LEEDA 8H15H 12 BT R 10 H18H
3 H 9H2H 13 KE2%5 10A21H
4 FHERE 9H10H 14 e 65 1073231
5 Z#H 9A18% 15 BRE 65 10H21H
6 Z=H) 9H15H 16 AR 10H21H
7 Hii e 10H10H 17 e 35 10H21H
8 e 107 20H 18 s 15 10H21H
9 T 4L 107 25H 19 2001 %+ 107 21H
10 MLt 107 27H 20 HE 10 107 21H
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Table 2 Analysis of fruit quality characteristics of unbagged apple
it BRAK (%)

mi LR AR TR B/MA I=IN:
Standard Coefficient of
Quality index Average Minimum Max
deviation variation (%)
BRE (@
291.43 182.50 394.50 50.98 17.49
Single fruit weight (g)
ESIZEE
0.87 0.76 1.05 0.06 7.19
Fruit Shape Index
RELME
53.96 41.33 71.94 6.89 12.77
Peel L value
R afl
20.21 -12.19 34.05 9.47 46.88
Peel a value
FE b E
25.39 15.98 46.40 6.20 24.43
Peel b value
R
0.55 0.35 0.77 0.15 28.03
Fruit rust index
R4
0.59 0.41 0.88 0.15 25.27
Fruit surface finish index
CIE SRR =p
0.60 0.304 0.91 0.16 27.04
Fruit surface color index
fEE (kglem?)
7.56 5.96 9.07 0.52 10.85
Hardness (kg/cm?)
AL S B (%)
14.58 10.7 16.6 141 9.65
Soluble solid content (%)
WERSE (%)
0.36 0.24 0.64 0.08 22.04
Content of titratable acid
REAEF AR (mg/1009)
Peel anthocyanin content 18.79 0.00 38.76 10.13 53.89
(mg/100g)
4% C & (mg/100g)
6.90 5.01 8.87 1.02 14.82
vitamin C content (mg/100g)
AVAPEEHES & (mg/100g)
Soluble sugar content 13.10 10.42 17.43 1.23 9.38

(mg/100g)

[i5] 7% EE 41.89 22.03 60.83 7.98 19.06




Solid-acid ratio

PEER EL
37.65 19.34 56.48 7.52 19.97
Sugar-acid ratio
TR (%)
0.84 0.815 0.88 0.01 1.56
Moisture content (%)
RS E (glem3)
0.83 0.762 0.897 0.04 421

Fruit density (g/cm?)

2.2 dEAEARAE SRR B

XF 20 AN TCARBET IR AR Y 18 A BAR AR AT AR ME T (B 1), ZEREIR, AR
HGER . R B 2R EH AR, SEFHSREEMEZ R, RERBECRK a
B, REHEORBEREIMR: RE LHESRK a B, REEORYE. H£FTSEZN
BRFMRME: RE a5 REAEHFEHEEEZMEF LR, 5RK b EEWRE 0K,

RIE OIRHOR T SR TR E R B BRI RN R & TG Wi E R
EESHERLEREE TS, EF SR EKE, RUEEEREE LML, AIEES

BE SRR L R AROR 2 IR, [RR B SRE R LL B B3 IE ARG
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Fig.1 Correlation analysis of quality indexes of 20 unpacked apple varieties

e v B () o v REUESL. va A L. ve Az a . vs SR bE. ve BEEIE S, v BEDGIEIEE. ve BITH IR
Vgﬁ%fi‘: (kg/cm2> N V1oT EE S8 (%) . V11E”E]_IT’JEE§§% (%) . V12%&TE%E:§/H\§ (mg/lOOg) N Vméﬁi%(:é\%
(mg/100g) « vis ATEMEEFES B (mg/100g) « vis BEIERLL vig HEERLL . vir K3 (%)  vig RELESE (glem®)
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Note: v; Single fruit weight (g), v, Fruit shape index, v;Peel L value, v4 Peel a value, vs Peel b value, v¢ Embroidered index, v; Fruit
surface smoothness index, vg Fruit surface coloration index, v9 Hardness (kg/cm?), v10 Soluble solids content (%), vi; Content of
titratable acid (%), v1, Peel anthocyanin content (mg/100g), vi3 Fruit vitamin C content (mg/100g), v14 Soluble sugar content (mg/100g),

V15 Solid-acid ratio, vi6 Sugar-acid ratio, vi; Moisture content (%), vig Fruit density (g/cm?).
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Xt 20 AN TCARFRETSE R AR 18 A SR AREAT M b (R 3D, Wi 5 Ay Chr
E{E>1.00 RINTIMRF 80.482%, KUIHI 5 AL k7 FESR AN 18 A dh AR bR 48 K& 75 12
9 1 BB HERIE GRS, RIAEHH S E. RIS R EE. PRE, R
B, FEARFRIGIME B T 5 2 Bl mE R B, AR RS RIRE T
585 3 ERMRERR AR B b EAFEE, RERRSER B ORER T 28 4 By AREEE. mE
PR S & FA T a S R oE, EEACRRSNAE MR . 55 5 B B4R
C &g, ERRIEFRMFAR T

R 35T HRHER R RREE . STk N R TTIR R

Table 3 Eigenvector, eigenvalue, contribution rate and cumulative contribution rate of five principal components

5 I F S5 principal component
index PC1 PC2 PC3 PC4 PC5
HRE (@
-0.613 0.429 0.171 -0.023 -0.075
Single fruit weight (g)
FIARH
0.584 0.170 0.161 0.668 -0.153
Fruit Shape Index
R LE
-0.456 -0.537 0.514 0.151 0.141
Peel L value
R afd
0.564 0.314 -0.466 -0.337 0.149
Peel a value
Fpe b E
-0.323 -0.505 0.611 0.309 0.150
Peel b value
RAEREH
-0.69 0.119 -0.534 -0.09 0.192
Fruit rust index
MG
0.700 -0.158 0.262 0.368 -0.234
Fruit surface finish index
WA AR
0.885 0.300 -0.106 -0.027 0.057

Fruit surface color index

TERE (kglem?)

0.703 0.041 0.172 0.019 0.255
Hardness (kg/cm?)
VAT SR (%)
-0.267 0.501 -0.275 0.684 0.088
Soluble solid content (%)
THERE R (%)
0.111 -0.574 -0.578 0.480 -0.107
Content of titratable acid
RETHH &= (mg/1009)
0.878 0.142 -0.011 -0.134 0.032
Peel anthocyanin content (mg/100g)
i % C & (mg/100g)
-0.120 0.072 -0.458 0.371 0.676
Fruit vitamin C content (mg/100g)
AAEMESHE S & (mg/100g)
0.112 0.298 0.281 0.778 0.202

Soluble sugar content (mg/100g)

[i6] % Eb -0.231 0.839 0.378 -0.209 0.064




Solid-acid ratio

PEER EL
0.003 0.726 0.634 -0.092 0.156
Sugar-acid ratio
TKE (%)
0.307 -0.475 0.220 -0.420 0.427
Moisture content (%)
FIHE (glem®
0.337 -0.498 0.313 -0.104 0.215
Fruit density (g/cm?)
RHEAE
4.857 3.385 2.695 2.522 1.028
Eigenvalues
TR (%)
26.985 18.804 14.97 14.013 5.711
Contribution rate (%)
RUTTTERE (%)
26.985 45.789 60.758 74.771 80.482

Cumulative contribution rate (%)
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95 1 BB PR FESM A T CREDEESRED - FER T CREEFTHSE) . i
PR CRERD AR S s 28 2 JE R IR EL [ R b2 PP H AL S it o AT XU f R 22
T, BB O A, EERE R B N PP i AR 28 3 M PR b HE REAEHEHS
BERFEIMR, REEFHFARRLALORE, MRK b HARFRLEROE, REFERK
b (EAE N VE AR, 58 4 ERr REAUBARE. W ERDEY & & rATER S R, R
RSN T 10%, WHIEANE] SRRz ie bR 2 B I ZE R BN, ARAAERNE, FreioR
WX LR E PN 4R bR . 28 5 g s C S RAUGRRSEE R . H5HAh
TRbR Z AR, AR R bR . 25, AR TCEFRIEDEER S, REEE S
MR B, 4E4E R C R 5 WHRISE NI AR B RS B PPN I O FE A o

AR R BGE S AR AIE R it 5 D BAAGRIERI VN PR br )G, FRHX
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Fig.2 Correlation analysis of five core indicators
e v BIEOGEEEL Vol v BEAEH S8 (mg/100g)  vis4E4 2 C & (mg/100g) . vis R
Note: v7 Fruit surface smoothness index, vg hardness, vi, Peel anthocyanin content ( mg/100 g ), vi3 Fruit vitamin C content ( mg/100

g ),vis solid-acid ratio.
25 BROMER
AR RIS AR AR A T S AR IR Z M OC R, B 1~9 LBz e 57
FIWTH AN 4.
% 4 MATLAB 73 7 H LA I B — SR o s

Table 4 MATLAB analysis comparison matrix and consistency test results

[EZVEEE

Core indicators Vi ve 12 ¥/ Vis . hmax “ Rl CR
V7 1 713 2 5/3 312 0.3011
Vo 3/7 1 3/5 4/3 2/3 0.1291
V12 1/2 5/3 1 5/2 712 0.2855 5.3743 0.0936 112 0.0835
V13 3/5 3/4 2/5 1 477 0.1120
Vis 2/3 3/2 a7 714 1 0.1723

G0 4 W R R — 3501, 7531 C1= 0.0339, AR4E%% 5 411 n=5 I}, R1=1.12, CR=CI/R1=0.0835,
CR<0.1, UtHAAIBIA MR A W= — 8. BRI, REAHETSE, M,
YEr 3 C & E . R L A B AR FOALEE W) 7379004 0.3011. 0.1291. 0.1236. 0.28550. 0.1120
F10.1723.

25 THIBENL Bk bR

Table 5 Mean random consistency index

RI 0 0 0.52 0.89 1.12 1.26 1.36 141 1.46 1.49 1.52 1.54 1.56 1.58




2.6 JEALE TSR
BT MBGERI N R BCERE, K 20 ANER G FPETCESRE 5% F T 10 5 AN J S5 TN
TEAR B ARG JS AT R T 5. 3 R TObiE e, REEH TS &E. BE., 44E% C
S, [EER LS AR OALE W) 48 0.4101. 0.1851. 0.0957. 0.1950. 0.1141, #%4&
WA 4 R 6.
% 6 FeTWRUEST LSRRG BRI bR 5

Table 6 Evaluation index score of bagless apple quality based on entropy weight method

P NTiID Rt e EHEFH = (ng/100g) 44 %K C 42 (mg/100g) [ 1
i TR (kg/lem?)
Fruit surface Peel anthocyanin Fruit vitamin C content solid-acid
Variety Hardness
smoothness index content ( mg/100 g ) (mg/100g) ratio
ZH
0.7679 0.1347 0.3025 0.2738 0.1051
Qin Yang
LEE D)
0.5142 0.0790 0.3265 0.0432 0.0654
Gala
0.3884 0.0474 0.1460 0.2378 0.0063
Honey crisp
R 0.1482 0.1209 0.1710 0.0248 0.0655
%=/
0.6745 0.1233 0.3254 0.3054 0.1102
Qin Yue
0.0395 0.1087 0.2785 0.1506 0.1257
Qin Yun
Fi B
0.7221 0.1055 0.3065 0.1045 0.2048
Rui Yang
T
0.8195 0.0955 0.0000 0.2380 0.1067
Rui Xang
T A 4L
0.9331 0.1452 0.3750 0.1510 0.1063
Rui Xiang hong
EAR
1.0409 0.1745 0.2460 0.2174 0.0414
Pink lady
eS8
0.3336 0.0802 0.1604 0.1612 0.1557
Qin Guan
(=1
0.8456 0.0527 0.0906 0.0682 0.1133
Fuji Miyazaki
kw25
0.0669 0.0742 0.1097 0.0428 0.1670
changfu 2
e 65
0.0956 0.0390 0.1310 0.2653 0.1257
Yanfu 6
BeE 6 5
0.1621 0.0701 0.1503 0.3593 0.0950
Shanfu 6
IR E
0.1805 0.0650 0.1383 0.1481 0.1269
LiQuan duanfu
W& 35 0.1657 0.0631 0.1290 0.3645 0.1099



Yanfu 3

FE 1Y

0.0157 0.1049 0.1172 0.2721 0.1710
Qinfu1l
2001 &

0.1572 0.1171 0.1053 0.1471 0.1517
2001 Fuji

2.7 LGEHEY

B JE R HTIE RS RCEAT & AR 5HE4%, s HZGEETFINE, RARHEAELEY
BEREGEAETM B AN Y (ZE1E) =0.3556 v7+0.1124 vo+0.2353 vip+0.1837 vis
+0.1130 vis.

CEVMN R T, ERSREEAT, WED. hat. £H. R, WHALGE
PGS R i fl, MKE 2 5. EFRE. s 6 5. 2001 & L4 aiFm 4 REcE,

BB P45 R 5 A4 7 S PR R I — 2
R GEWRD KA
Table 7 Comprehensive evaluation score and ranking

SRR HTIEAS Sy REREAG 55 LA
il H4 fF4 =
Analytic Hierarchy entropy weight comprehensive
Variety Rank Rank Rank
Process Score method Score score
Z
0.6987 5 1.5839 3 1.1413 4
Qin Yang
LED;
0.6074 6 1.0282 8 0.8178 8
Gala
£
0.4233 17 0.8259 12 0.6246 12
Honey crisp
FHERE 0.4098 19 0.5304 19 0.4701 19
#=H
0.7917 4 1.5388 4 1.1653 3
Qin Yue
0.5323 10 0.7030 14 0.6177 14
Qin Yun
T B
0.7956 2 1.4434 5 1.1195 5
Rui Yang
T
0.5493 8 1.2598 6 0.9045 6
Rui Xang
Ty 5 41
Rui Xiang 0.8721 1 1.7107 2 1.2914 1
hong
WLt
0.7954 3 1.7202 1 1.2578 2
Pink lady
0.5350 9 0.8911 9 0.7131 9
Qin Guan
21y
Fuji 0.5521 7 1.1703 7 0.8612 7

Miyazaki



KeE2%5

0.3917 20 0.4606 20 0.4261 20
changfu 2
JHE 65
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