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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.
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Fig.1 Inversion map of LF-NMR of different apple varieties
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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°




45 1)

%, %5 FETIROE . R OSIREEE ARG RS SR 5 ST

- 235 -

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

T *FRIRTE0.OSHAR KN .25, +*FIRTE0. 012U ISR i 2%
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Table 6 Calculation results of weight
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Fig.2 Correlation coefficient of different varieties of apples
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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

X 5 A EFPSESAY 4 TSR REE AN 4 TR
AEFEFRIEATALIN, FF45 S IR AZ G HARAG I H A, XF
FEPRPEATAR A SIAT . TS I3 AT AR €2 G B 45
Bro dEd TS IAT, BRI 14 THEPRIT A 4 4>
EAST, L T FE ) 3 S MRS A OK 53 S
A, B = B DU 2 gy R SRR N A Y o BT R
bR, 4 A~ e R TTERRIA ] 91.504%, Fiids i 1T
Ty« Ty TA. SS Fl SSC AL FEFR. 8 AL
AL IR PR AL, S35 12.421%. 22.889%.
23.068%. 21.217%. 20.405%, 1% A JCHEEE 22850
AAE R, AT IR SCHR 53T, 43 th 276 Sl BT HESS &
B RIKAEA: | BT S5l o ARRR TAR G E VAT,
ARSCRAPER A S ISP E R PP R 2R, i 1
N R TR AN HER I, JRAGE A S = 1 R0
iP5 RPN TR e PNE o Ui W S o i S P KO
LR MDA P AR BT, A5 S RAE PN Y SR
B PRk .

S 3k
(1] 3Utkrr, 3036, B2, F BEFRI LARAL T FEHaY
SCACHE P45 AT [T). RSB S24R, 2021, 2(4): 79-83. [ KONG
W F, GUO F, LI J, et al. Analysis on the historical development of
yantai apple and the cultural heritage characteristics of its centennial

ancient trees[J]. Journal of Fruit Resources, 2021, 2(4): 79-83. |
[2] LAKSHMI S, PANDEY A K, RAVI N, et al. Non-destructive



45 1)

%, %5 FETIROE . R OSIREEE ARG RS SR 5 ST - 237 -

quality monitoring of fresh fruits and vegetables[J]. Defence Life
Science Journal, 2017, 2: 103—110.

[3] X B4 kA AR RS20 AR MR R 2R 5 AT
5% [D]. #% M. %M K3, 2016. [ LIUY J. Research on the estab-
lishment and application of a comprehensive evaluation system for
the freshness of refrigerated food[D]. Yangzhou: Yangzhou Univer-
sity, 2016. ]

[4] RES, BHEE AKFE, F 2RETRDIOFNEZGH
#[J]. F B& & F R, 2022,22(7): 248-255. [ LIANG H Z, TAN
Z W,YU Y L, et al. The construction of the nutritional quality eval-
uation system of honeysuckle[J]. Journal of Chinese Institute of
Food Science and Technology, 2022, 22(7): 248-255. |

[5] »tE3E IAE, TS F OABRNEIFEZMALE 5T
B R R E R B HT ] F B S5 R, 2018, 18(3):
205-210. [ YER Y, SUN L J, WANG Y L, et al. Grey correlation
analysis of color difference value and some typical quality traits of
refrigerated Litopenaeus vannameilJ]. Journal of Chinese Institute
of Food Science and Technology, 2018, 18(3): 205-210. |

[6] %, &k, M, F HRELESREXRELFNE LT
MK TRELT]. PRI A S, 2022, 39(1): 61-67. [ LIZ, QIAO
X D, YANG Y, et al. Evaluation of the quality of Radix Angelicae
Dahuricae decoction pieces by entropy weight method combined with
gray correlation method[J]. Chinese Journal of Modern Applied
Pharmacy, 2022, 39(1): 61-67. ]

[7] LID, CHEN J, QIU M. The evaluation and analysis of the en-
tropy weight method and the fractional grey model study on the de-
velopment level of modern agriculture in Huizhou[J]. Mathemati-
cal Problems in Engineering, 2021, 2021: 1-8.

[8] FRIix, #hé&yla, Mk, . AR KL F N2
sek ot EE R T]. R su 5 74, 2006(4): 125-127. [ CHEN W
J,LIN XY, RUAN R S, et al. Research on nondestructive and rapid
evaluation of food moisture by nuclear magnetic resonance technol-
ogy[J]. Food Research and Development, 2006(4): 125-127. ]

[9] 2%, K&, M, F KB ERIARLE ST
FF kR AR ERE A [T]. RS, 2020, 41(4):
243-247. [ GAI S M, ZHANG Z H, YOU J W, et al. Qualitative
and quantitative detection of water injected pork by low field nucle-
ar magnetic resonance technology combined with chemometric
methods[J]. Food Science, 2020, 41(4): 243-247. |

[10] HAN Z, ZHANG J, ZHENG J, et al. The study of protein
conformation and hydration characteristics of meat batters at vari-
ous phase transition temperatures combined with low-field nuclear
magnetic resonance and Fourier transform infrared spectroscopy [J].
Food Chemistry, 2019, 280: 263—269.

[11] QIAO S C, TIAN Y W, WANG Q H, et al. Nondestructive
detection of decayed blueberry based on information fusion of hy-
perspectral imaging (HSI) and low-field nuclear magnetic reso-
nance (LF-NMR)[J]. Computers and Electronics in Agriculture,
2021, 184: 106100.

[12] LIDJ, DUAN Z H, LIU Y, et al. Variation in water content
during vacuum microwave drying of flavored yam chips process an-
alyzed by low-field nuclear magnetic resonance imaging[J]. Shipin
Kexue/Food Science, 2019, 40(5): 116—123.

(13 ] ALBT %, RATAZ, B 7T, 4. LA RTHM E 7 ik 69 AR A
5 &g A8 X W 5 47 (1] & e Tk A3, 2020, 41(22):
240-246. [ DU X M, ZHAO Q C, LU K, et al. Comparison of five
apple texture determination methods and correlation analysis with
sensory evaluation[J]. Science and Technology of Food Industry,
2020, 41(22): 240-246. ]

[14] FoAREAE R LR NY/T 2637-2014 KR Ak E 7T
B A2 ey 2 [S]. b P B ARA B4, 2015, [ Min-
istry of Agriculture of the People's Republic of China. NY/T 2637-
2014 Determination of soluble solids in fruits and vegetables[S].
Beijing: China Standards Press, 2015.
[15] W E, kA &, #IR%, 5. AT Fisher FIA1 94730 3 R 45
S F o ABE R [T]. s T kAR, 2023, 44(4): 361-368. [ SHEN
H J, ZHANG T L, XU Z X, et al. Recognition of apple freshness
based on fisher discriminant analysis [J]. Science and Technology of
Food Industry, 2023, 44(4): 361-368. |
[16] MM, #E, R E, 5. 425 LFERRERAIT RAE
5 T AR & A7 [J]. #7538 R LA 52,2021, 58(3): 502-510.
[ FENG B B, MEI C, ZHANG Z J, et al. Correlation analysis of
mineral elements and soluble sugar in red Fuji apple at different ma-
turity stages[J]. Xinjiang Agricultural Sciences, 2021, 58(3): 502—
510. ]
[17] sk, R, &AL KT AE 3 @Ak iRk
& KK FE W M 2T SRR (], & 3 5 AU, 2022, 38
(9):198-203. [ XIE C C, CHEN J M, CAO Z W. Quality evalua-
tion of Yangzhou dried orchids based on sensory profile analysis,
entropy weight method and grey correlation method[J]. Food &
Machinery, 2022, 38(9): 198-203. ]
(18] A B, B4, AT, 5. A THAUK K E XKL
AB TR T3 [T]. b4 E 25 4 &, 2021, 36(7): 4243-4248.
[ XIAO R C, KUANG Y H, ZHANG C P, et al. Comprehensive
evaluation of ginseng quality based on entropy weight method and
grey correlation method[J]. China Journal of Traditional Chinese
Medicine and Pharmacy, 2021, 36(7): 4243-4248. |
[19] LIL, ZHANG M, BHANDARI B, et al. LF-NMR online de-
tection of water dynamics in apple cubes during microwave vacuum
drying[J]. Drying Technology, 2018, 36(16): 2006—2015.
[20] XINY, ZHANG M, ADHIKARI B. Effect of trehalose and
ultrasound-assisted osmotic dehydration on the state of water and
glass transition temperature of broccoli (Brassica oleracea L. var.
botrytis L.)[J]. Journal of Food Engineering, 2013, 119(3): 640—
647.
[21] ZHAOY, WANG W, ZHENG B, et al. Mathematical model-
ing and influence of ultrasonic pretreatment on microwave vacuum
drying kinetics of lotus (Nelumbo nucifera Gaertn.) seeds[J]. Dry-
ing Technology, 2017, 35(5): 553—563.
[22] MAUROM A, DELLAROSA N, TYLEWICZ U, et al. Cal-
cium and ascorbic acid affect cellular structure and water mobility in
apple tissue during osmotic dehydration in sucrose dolutions[J].
Food Chemistry, 2016, 195: 19-28.
(23] Xk, EF4R, MM, 5. Bkah B2 W ALLIL T FR A K
2 WK A B S % vm ] Rk T2 4R, 2016, 32(S2): 376
382 [BIJF, WANG X Y, ZHOU L Y , et al. Effect of pulsating
differential pressure flash treatment on water loss characteristics and
quality of apple slices[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2016, 32(S2): 376-382. ]
[24] W&, BRAR, MARE, 5. R TP FRMFREAR
RE A AT]. @5 &SP, 2022,40(3): 15-19, 32.
[ YANG H, LU F Y, XIE Y K, et al. Study on the change of tex-
ture characteristics and color degradation of green asparagus under
heat treatment[J]. Packaging and Food Machinery, 2022, 40(3):
15-19, 32. ]
[25] skAaik, RBLAR. K TR AT REG FRIEH SR
o [J]. & S A+ 5, 2012,33(24):335-338. [ ZHANG B Q,


https://doi.org/10.14429/dlsj.2.11379
https://doi.org/10.14429/dlsj.2.11379
https://doi.org/10.1016/j.foodchem.2018.12.071
https://doi.org/10.1016/j.compag.2021.106100
https://doi.org/10.1080/07373937.2018.1432643
https://doi.org/10.1016/j.jfoodeng.2013.06.035
https://doi.org/10.1080/07373937.2016.1193512
https://doi.org/10.1080/07373937.2016.1193512

- 238 - £ Tl B4

20244 1 A

GUAN Y L. Prediction of storage quality of Hanfu apple based on
texture analysis[J]. Food Science, 2012, 33(24): 335-338. ]

[26] Giril, B 5%, F. FRBFFNHATLIKEE
2 [J]. A5, 2011,32(3):286-290. [ BAIS S, BIJ F, FANG
F, et al. Research status and prospect of apple quality evaluation
technology [J]. Food Science, 2011, 32(3): 286—290. ]

[27] 34, R, RAL TR 123 FRAR2FTEREH
A M J]. R 2 e (5 9]),2009(2): 79-81. [LIY M,
ZHAO F S, ZHAO L H. Analysis on nutritional composition of Sh-
aguo 123 apple Shennong No. 2 apple[J]. Academic Periodical of
Farm Products Processing, 2009(2): 79-81. ]

(28] Vst A4F. K T Lr b BOR A 35 R AR e A +T
HEEB e E D] ERE e R EFR,2022,13(17):
5495-5503. [ SHEN M S, ZHAO J. Determination of soluble solids
content in apples during controlled atmosphere storage based on
near-infrared spectroscopy [J]. Journal of Food Safety & Quality,
2022, 13(17): 5495-5503. ]

[29] #im, X7, TH%, F FRRATERBEBH . TiEtk
AL R F R KB T]. RS A, 2019,40(18): 1-7. [ WEIK

L, LIU C, DING H Z, et al. Relationship between soluble solid and
soluble sugar contents and optical properties of apple flesh[J]. Food
Science, 2019, 40(18): 1-7. ]

(30 ] R¥uaf, B, #52k, F. 9 BORAS Tl T B o ik 49 2+
War R ], F B d 5 R4, 2022,51(2):40-44. [ZHAO W T,
XUE Y, SUN Z Z, et al. Comparative study on the detection meth-
ods of titratable acid in broad skinned citrus[J]. South China Fruits,
2022, 51(2): 40-44. ]

[31] JIANGSL,WUIJG,FENGY, et al. Correlation analysis of
mineral element contents and quality traits in milled rice (Oryza
stavia L.) [J]. Journal of Agricultural and Food Chemistry, 2007, 55
(23): 9608-9613.

[32] SHIN E C, CRAFT B D, PEGG R B, et al. Chemometric ap-
proach to fatty acid profiles in Runner-type peanut cultivars by prin-
cipal component analysis (PCA) [J]. Food Chemistry, 2010, 119(3):
1262-1270.

[33] KARA D. Evaluation of trace metal concentrations in some
herbs and herbal teas by principal component analysis[J]. Food
Chemistry, 2009, 114(1): 347-354.


https://doi.org/10.1021/jf071785w
https://doi.org/10.1016/j.foodchem.2009.07.058
https://doi.org/10.1016/j.foodchem.2008.09.054
https://doi.org/10.1016/j.foodchem.2008.09.054

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 苹果取样
	1.2.2 水分状态测定
	1.2.3 质构特性的测定
	1.2.4 含水量的测定
	1.2.5 可溶性固形物含量的测定
	1.2.6 可滴定酸含量的测定
	1.2.7 可溶性糖含量的测定

	1.3 数据处理
	1.3.1 熵权法确定权重
	1.3.2 灰色关联度法建立


	2 结果与分析
	2.1 不同品种苹果的水分状态分析
	2.2 不同品种苹果的品质指标分析
	2.3 相关性分析
	2.4 主成分分析
	2.5 熵权法赋予指标权重
	2.6 相对关联度计算

	3 结论
	参考文献

