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Abstract: To study the quality characteristics of different apple varieties and establish a comprehensive evaluation model of
apple quality, taking five varieties of apples (Tianshui Huaniu, Aksu Tangxin, Marshal Huang, Cream Fuji, and Luochuan
Red Fuji) as the research object, the four texture characteristics, including hardness, adhesion, chewability, cohesion, and
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four physical and chemical indicators, including water content, titratable acid (TA), soluble sugar (SS), and soluble solid
content (SSC) were tested. Combining the low-field nuclear magnetic resonance detection technology, the correlation
between the water distribution and the physicochemical and texture characteristics of apple was explored, and the main
indicators for evaluating apple quality were established by principal component analysis. Based on the entropy weight
method, each core index was given weight, and a grey correlation degree evaluation model was established. The results
showed that there were significant differences in various indexes of different varieties of apples (P<0.05), and there was a
high correlation between their water distribution and texture characteristics and physical and chemical indexes. The spin-
spin relaxation time T,, (immobilized water), T,, (bound water) and TA, SS, SSC were established as the core indexes. The
weight calculated by entropy weight method showed that the sum of T,, and T,, was 35.31%, accounting for the largest
proportion, indicating that the water distribution had the greatest impact on apple quality. The grey correlation analysis
showed that the quality of Tianshui Huaniu and Aksu Tangxin was better. The method adopted in this study could quickly
and accurately establish the quality evaluation model of apples, and provide a new method for the quality evaluation of

fruits and vegetables including apples.

Key words: apple; entropy weight method; grey relational analysis; low-field nuclear magnetic resonance; principal
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SEAR LA LR, G AR RN Ty, IS BNK, 3X
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Fig.1 Inversion map of LF-NMR of different apple varieties

FHE 1 AT, ASTR] S ) S SR A s Bt ] T,
KAy & A, DAFAE W 25 5 (P<0.05) . M\ LF-
NMR K45 58 E , st a] T,, BUE KSR
IKAEA | F /NI 2T 8 L, T, BB A 2]

SO L e/ NRE TN, T,y BUE R &R IK
A L /N SR B TC I AH XN 10 25 A KK 4 i
A, T RIE RIS | /NI E -+, RS ishk
Ay, T RIS E + . /2B o ib, [ ik
A,y TR R IR, B/ NG Bt .
2.2 A EMMERN SRS RS

EE | hE MR AR S B PR I B 2R
R, 2 2 R A SR AN [ ] it A S SR A R AN R Ak
FEARBEETEN o 76 S A s, 38140 Rl
BB, S 7.82 N, BH S i I R AR . B
JESESRIR A 2 IR B 45 A T, BERE S i H T e A
S 5 MELNER A A T2 A ELIE 1 X ) R R, 1 P SR
S WA FE SN M-SR R, SRR TSZ 40, SR Sy
SEREPET, o BRAER A Hb  WRR R BT BT,
2% 2 AT, WU B TR R, i 2.57 g.secs Whi
=/, Sh 1.86 goseco BT BE IO A ELIE P IR R,
A 17.19 N3 RIKAEARE IR/, S 1513 No B[ 5a bk
N ERMERR, S 0.16; BEICIANE )LD & i
7N A 0126

PN A A FE AR S 52 i 32 SR i IO ) R 2 R 3 PO
AS[A] S A SE IR 0 B K A TSR], A7 3 P 2E 5+
(P<0.05), —BIN\y, &K B (b, i
s, SRR IR HEAE, SHr T 17, SSC SRR RENSYS
TR AP EBFR, F2H SS 4Ak, [FIAF it 45
W dEAEER LTRSS, — A S LB i ey 1 Bk
BP0 AE 5 PSR b, S s RIS 4D E L iR
F| 15.23%, FARPSEEITCIN, 2 12.09% . KRHY
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Table 1 Relaxation time T, and peak area A, of water content in different apple varieties
T,(ms) A, (IETEFR)
AR FR
T21 TZZ A21 A22 A23
KK 12.83+1.51° 237.23+10.48" 1425.00+14.06° 0.98+0.15° 6.04+0.68" 118.06+1.30°
B 5 5 10.02+1.41° 261.14+4.19° 1349.89+21.48° 0.78+0.11% 6.21£0.90 109.79+1.75°
piw | 9.99+1.10° 154.96+3.36" 940.75+21.17° 0.73+0.08% 4.98+0.04* 92.37+0.63"
Wi e+ 9.38+1.17* 260.35+3.28° 1314.57+9.60™ 0.57+0.11* 8.33+0.20° 106.06+1.25"
waE+ 8.37+0.41° 252.23+20.93" 1277.82+53.67° 0.67+0.18* 7.49+0.16° 108.3143.23"
i [F—3 /NG FE AR R AL B #2257, P<0.05; K20,
F 2 AR BT R
Table 2 Quality indexes of different apple varieties
TR AR fEE(N) Bt (g.sec) MELAEE (N R Frkdt SSC(%) TA(%) SS(g/100 g)
KK 4.26+0.72° 1.94+0.05° 15.130.15° 0.14+0.01° 0.84+0.03° 13.77+0.13 0.32+0.01¢ 10.76+0.20°
B 5 AL 7.03+0.73° 2.26+0.07° 17.19+0.13¢ 0.16+0.01¢ 0.83+0.01° 14.64+0.61% 0.18+0.00° 13.75+0.20°
BT 4.08+0.16° 2.57+0.07° 16.04+0.08" 0.1240.01° 0.78+0.03" 12.09+0.37* 0.23+0.01° 9.60+0.20°
e+ 7.17+0.16 1.86+0.05° 17.010.08" 0.14+0.01° 0.83+0.02° 12.53+0.85" 0.30+0.01° 11.53+0.17°
WA+ 7.82+0.26° 2.26+0.04° 16.72+0.16° 0.12+0.01* 0.83+0.01° 15.23+0.28° 0.35+0.01¢ 11.4340.12°
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FEPRIYAEAEAS [R)VRR BE 1 22 53k, 3R W 3 B iy
5 A E] SRR SR S BT AR 25 5
2.3 HEXMOH

ST e I AZ O AR AR, XTI SRR B S bR
ATAHOCME ST AT Y, 36 3 A FRPRaUAHICIESS R .
FEOTH, G EE S UHEE | K. SS. T,y Ay, ST
FIEAHE(P<0.01), 5 T,, 2B EAHE(P<0.01),
A, BB FETAC(P<0.05); FEMES T, T Ay,
A, M T EE A S (P<0.01) 5 BHMEE 5 F7K . SS
SR IEAH G (P<0.01), 5 T, 5 i 3 1IEAH &
(P<0.05); WM TA 5 RFNAHIK(P<0.05), 5
SS M W 2 IEAI S (P<0.01), 5 T,, 5 W & IEAHC
(P<0.05); &7k E5 SS. T,,. Ay, B WFHIEAHE(P<
0.05); SSC 5 SS. A,; & i 3% IE 4 3¢ (P<0.05) ;

PC1 I= T,,. i & F1 SS 14 R B fs K, RS 5 Hh
0.40. 0.36. 0.34, MNAHICMESFHTEs SR AT 1 (3R 3), T,
SRR SS N R S IEAHSE, BG%EEE Ty, N PC1 Y
RFEMEFEFR . PC2 EZEH T,, Ml A, #AL, H T,,
A, B EIEANSG, ks T,, v PC2 AUt ER
PHEFEAR. PC3 FEEH TA. SS FINRMEM AL, TA 7
PC3 L Efm434i, SS M RIERIE M4 AE, H—3%
S 2 IEARSE, WeRE TA il SS A PC3 LRk
fahr. PC4 b FZH SSC Mk, #ik$E SSC i PC4
MACREFE bR . Z5 DT, e HEHL Ty, Ty, TAL

F4  FUITFFIEE . SRR BT TRECR
Table 4 Principal component characteristic value, contribution
rate and cumulative contribution rate

EN%x ERIRIEN TR (%) FZABTikR (%)
TA 5 A,, 2B FIEAHK(P<0.05);SS 5 T,, 2 PCI 5.615 40.110 40.110
Z1IEAM L (P<0.01), 5 T,s 2 EIEAFE(P<0.05); PC2 3.585 25.609 65.719
Ty 5 Ay 54 3 IE A 3 (P<0.01); Tyy 5 T, v B Ay o
Ay Ay BRI IEFSC(P<0.01); Ty, 5 A, 24K
B IEAHG(P<0.01), Z7 b, itadetd . #fb TS ER I % P S e = o
A5 SR IRK AR S T AG A 25 U AR P o Table 5 Factor load matrix of principal component analysis
24 FEFRROSDH ¥5F% PC1 PC2 PC3 PC4
SR T #E—2EH O FERR, X 14 TSR UE T 32 (11923 0.850 ~0.455 ~0.079 0.181
JRATSIWE, FAERANTE 4 T, AR EE AR T 1 K WEE 057 050 0350 0.425
JECTIE2, FEE 4 A~ Ay, BTk E] 91.504%., L;Jjﬁ:’; 0.613 -0.706 0.270 -0.080
F 0.476 0.331 0.578 -0.296
Hrf PCLCR — 5T ) (Y FTHR ATy 40.110%, PC2 fkd 0751 0376 0026 0015
(B8 B4 I TTHR RN 25.609%, PC3 (58 = F Ak SSC 0359 0.159 0.134 0.902
53 B TTHRR g 16.288%, PCACHS DY T4y ) 14 TTHK ;: 81;2 0(;20287 *0092268 06102;’2
7 -0.087 N 0.
I 9.497%: T, -0.265 0.829 0.179 -0.219
ST AT I B T AR B AT DL R R AR bR AR T, 0.947 0212 0,034 0.021
B~ AT B A EED?), TR B A S R A A AR Ty 0.774 0.622 ~0.006 0.037
w2 AR, R S RS ERAT R LA B RS Ay ~0.264 0.761 0.223 0.181
TR EAS B FE AR 0 A FR B AT AR Az 0.755 ~0.147 0.502 ~0.259
FNEFSBR, HARAEALITFRIL(9) . (10), (1DFI(12). Az 0.607 0730 0064 0207
3 OIS FPSER A S TR AR AR OGRS
Table 3 Correlation analysis of quality indexes of different apple varieties
EiEtan fgi s FEYE  MHEE O MR SkiE SSC TA SS T, T,, Ty Ay Ay Ay
i 1
BEE  -0.209 1
MHABE 0.8337 0.076 1
MR 0.149 —0.326 0.259 1
FOKE 07797 -0.160  0.6727 0237 1
SsC 0.379 0.118 0.073 0.046 0.171 1
TA 0.159 -0477 -0312 —0.519"  0.101 0.076 1
SS 0.659™ -0.268 07157 0.763"  0.559"  0.519° -0.436 1
Ty -0.644" 0265 0322 0322 0399 -0.125 —0.023 —0.190 1
Ty 0.713"  —0.690"  0.480 0480  0.615" 0392 0256 07297  —0.080 1
Ty 0.385 -0.784"  0.565"  0.565" 0.348 0.410 0288  0.553" 0302 0.842" 1
Ay -0.532"  —0.070 0.210 0210  —0479  0.187 —0.065 —0.161 0.655" —-0.084  0.258 1
Ay 0.699"  —0.656" —0.011 —0.011  0.618" —0.053 0.543" 0343 —0376 0.685" 0484 —0.351 1
Ay 0212  -0.705"  0.434 0.434 0.177  0.514" 0343 0373 0362  0.706™ 09477 0341  0.301 1
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2.5 BPCEMRYEriE
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AL EE S 21.217%. SSC MIALEE N 20.405% . TA 11
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R, RHIK ST 0 53 AT X SIS BT R
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Table 6 Calculation results of weight

B2 R Bk fEe fRERTEd U (%)
Ty 0.896 0.104 12.421
T, 0.808 0.192 22.889
TA 0.806 0.194 23.068
SS 0.822 0.178 21217
ssc 0.829 0.171 20.405

2.6 MEXNKEKEITE

E1XF 5 APE I (RAR AL . BISE 250880 . 25T
Ui, Wi E L INLEE ) LS 5 TFEFR(T,, . Ty
TA. SS. SSC) AT KA SR /8T . UNRTHTA, 7K
43534 . SS. SSC FpE R S BT R IEAH G OC R, B
FEPRI I AN E B S 25 TP 9, o/ IMEVE i 252
P A TA 55005 BT 5 O DG OC R, UGz dR b5
Mt/ MBEVE AR S5 )79, S KB E 222757
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Lo = w2 L | 2 W= w01 o e 3 Y & 2721 D O 14 -l 2
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FEI L (IIALSEERE A 0.821), FIAY /B )11 41
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Fig.2 Correlation coefficient of different varieties of apples

A 0.639) A EE T A SR > 0.638), LI 455
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Table 7 Weighted correlation degree and comprehensive
ranking of different varieties of apples

A I ES 3 Zia A
KoKAEA 0.823 1
B 5 AL 0.821 2
HITIm 0.638 5
Wi e 1 0.639 4
wharE L+ 0.680 3
3 g
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