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ABSTRACT: The work aims to construct a standardized quality scoring model for the transportation quality of Summer
Black Grapes in different e-commerce logistics packages and different production areas, so as to further improve the

quality evaluation system of grapes during transportation, and provide a theoretical basis for the combination and
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utilization of different transportation packages. Taking Summer Black Grapes from five production areas of Yunnan,

Jiangsu and Tianjin as the research object, four typical e-commerce packages were used for 48 h physical delivery test. By

using correlation and principal component analysis, the e-commerce logistics quality of Summer Black Grapes was

comprehensively evaluated, the suitable e-commerce packaging method was screened out, and the environmental impact

factors causing quality differences in the transportation process were further analyzed. Three principal components were

extracted by principal component analysis, and the cumulative contribution rate was 89.096%. The fruit quality score ()

model was established by adding the weight of the three principal component scores: Y=0.562Y;+0.186Y,+0.143Y;. The

results showed that the transportation quality of Summer Black Grapes in treatment group 1 (corrugated box/

foam box/ice bag/bag in bag) was the best and more stable, and the quality of the other three treatment groups fluctuated

greatly. By analyzing the changes of ambient temperature and vibration during transportation, it was found that the EPS

foam box had the best thermal insulation performance, and the ice bag assisted cooling could effectively reduce the

temperature in the packaging box and improve the commodity of grapes. Increasing the amount of packaging was an

effective means to weaken the effect of Z-axis vibration on products. In this study, a comprehensive fruit quality scoring

model is established. The model can objectively and accurately reflect the logistics quality of Summer Black Grapes,

which is of great significance to promote the rapid development of e-commerce logistics of fresh goods.

KEY WORDS: Summer Black Grape; quality evaluation; principal component analysis; temperature; vibration

B BA% (\Mitis Vinifera'Summer Black' ) J& T-KX
Tz, T HA, AT R S
PPk | F PR AL, R S TR R A
Tz hEEEN, mgit, HurE BRI
YR 2 TTAW, FESGMT . . L, &
B AR/ . REERAT, HORIRRE &
R, TEffHE R S & AR BT R L Al T
BES YANE 1L ITB2 6 SR el Wil S 28 B 1 T

I P+ B AR M ) PR Rl A S SR S Y
LR A T R T, 124 py e R ORI R AR H
t B T T R . AR EE T LUA RO R 7RI
BRI IRE, AR RS RN [ A A B S e
TG Yy O TR ) T B 2 — o SRS HE AL % A%
AR HANGE B2 53 5 DLk Bk H 2 B RS i 2
F14) R R AR SO0 Sy D % A 2 T P R A o R
MY Eh AR, BA YR ERBRZ ) R, K

F1 I

im|

SO, +5%0,+8%CO, JTEZ il A1 T 4K 1 # 2 R J it
A AR P R TR S . T T AR R H A
ARFUK (19 mg/L AFARSE 11 min ) 455 HAb Y H
ORE Ty, S BT 70 R [ 8 T FR R A T 34 R
(3~5 d) NI REFMET, HICT AL R A0 75 xC
Xof ) 2 i 1 Ao R o BT PR 5 A A

F 44 ( Principal Component Analysis,
PCA ) Z—Fh UKy, 8 B4 S Z 0 ge it b
J7iEEO TR 2 AR i e
TtV K SR Y A TR AR o AR TS AT
BB 12 R A 7= 5 22 S R R
A7 i TEAN Az i S5 F T BT 22 S AN O A A
5T,

ARWFFERRYE 5 A [R] 7 X 2R 4G R H 4 Fh sl

A

LRI T ST 48 h Wit e iYL b A ERA L 4
i A S o3 o3 A vk i ST — S 4 SR S B 2R 5
WOk o DI A 7™ X B A 268 05 305 BRGS0 i Do 22
S, e RIS S R R R A R, R T ) I
1A PRSI E R IIR B A2 AL R AT, AR AN [
iz KL T S0 95 B4 AT REIELIN o Ay e 200 1) P R 00 0 9
Pe—E RS, XA A1z a2 19 415 A IR At
—E BB

1 X5
1.1 ##

FEME: HREE, 257 A smE .
KT (2023 4F 6 H kA ), 1L B 1 (2023 4F 7
HRAH ) FREm bR X (AR, 10, 2023 4F 8
AR, SCRIEMOREL . R ), 7 S e i UG Hy
TR AL, R R/NEAR 3L,
THEETE 12%~18%, FIETE 600~750 g Y5 EAH
%, PAREAE A 4G4 (25 cmx30 cm) RS, EE
TESRASCRNIR B0 AN 248 S8 HE I e — %A 5 BB ACAE
(BCH#5, WRSEHN 380 mmx280 mmx170 mm ),
7K H#( Polystyrene, EPE YA ZEFH( # RS A7 380 mmx
80 mmx170 mm, JEEEEH 20 mm ), ffR4S, vk4%(250 g),
FS4E (300%245 mm Fl 350%245 mm ),

1.2 NHF5EH

FEAULS 5% . ACS-AE B 7FE ( i@
HLEL A A BN ) ) HTP-312 HUkS 238 5 1 K- |
TR AE T L 2 AT FR N H) ). MapScan 0,/CO, B 402% 5 14

SR AL C E R N P E H R AR A A ).
PAL-BXIACID F5 BB IHEIL ( HA ATAGO 2~



- 176 - f1 %% T 72

2024 4E 1 A

Al ). HP-20 AU S HER St (SR T AR e
FBRAA T ). RC-4 TG BEIT S AY (VLIRS o <%
A B TE] ). TA-XT Plus BV E (Y ( F2[E SMS
25AE]). DT-178A HRahic#AX CRIINTE 2% B BF B 5
By A BR2S 7 )
1.3 A&
1.3.1 RILXFAEFE

S AE 4 R, A3k FOAS 4R46/EPS
TLRAE Pk AS /48 4% (LbFRAL 1), EPS R4 /A8 h4%
(AbBREH 2). FCAR AR /MR IR AS /K A8 /4% 4% ( JbBREH
3). FARARAE/AShAs (KbFRA 4), B4R r=ILE 1,
AW IMER ., HME, WiREkH, bk 2 KT
BHE K, 48 h 5 JFAAJH AT MG 5 A8 5 o
1.3.2 MEEBIRMFE
1.3.2.1  W-SRARFVERR

R AVE R R (1) ~ (2) I8,

o _[m=(m+m+m,)]

m

x100% (1)

L:%%xum% ©)

oA H ORGSR RO oy m o RS BT i, ke
moA R R T, kg my AEEACRTTE, kg; my oA
AR, kg; L ERCRI %,

1.3.2.2  RAEBAFEEL

2 Wk S 0T Oy B A S AT
1.3.2.3 PRI

2 W RE AR 2= A USG5 T 0 R R 8 B, BT
A mg/(kg-h),
1.3.2.4 WUHER . TEERIEY &R, BRI

n[y% EWE ( Titratable Acid, TA ) IR ETEEFEY)
( Total Soluble Solid, TSS ) & % ] PAL-BXIACID
F5 Preimiat, MBI 20 HRFTH, 2 ke
A B I R HE A T v R e S AR
THME, BCEE,
1.3.2.5  HAmbr e

EERE o R ER A BIBEALERE , AFERER 12
BRI, BRI E I CRWEILE), FH i
By ) ) L ALRAR PR E SR RS, DE R .
1.3.2.6 izt NMaRsE

T hb B2 4% 2% v O A B A D R IS SR AY
(K58 RC-4HA ), ic 3%z i F2 Hh AL 2 46 N 10 T
Ak BUE = 4EIR3hE SR (CEM 2% E DT 178A)
et R R SNEDL, LA 2 s/UR I SRAR R A
M 48 h izk ksl (Feahic st 8 JTARW ), Hrp
X, Y. Z3 B dRsh B i Ros s B s . A
P ST O N £ OF =01 | B 03 g o = RS a1 1 B 95 7 o
() P A5

4 N (" ™
(7 \
N Y - J
a QLB b ALBELH2
= —_—— 4
" i
I I
" i
— — — N
c AbBEA3 d AbpHg4
ravavava R Es (I

- = = -

— "4t

K1 BRAA 4 RO R

Fig.1 Four different e-commerce packaging methods for Summer Black Grapes
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Tab.1 Quality indexes of Summer Black Grapes with different e-commerce packaging methods in different production areas
. WA WIAMEEIEY AR I R/ e
X 3 IR, TR/, N - o REE g X
PRI RREN SRR S5 A% s, VI mgkg"h)  FAN
REFBZH 1 57.06+£0.03°EC  38.5240.04**  62.50+£0.05**  19.67+0.05"® 0.96£0.01°C 20.56  83.80+4.28°E  1.90+0.76"
—_— RhFBZH 2 71.01+£0.10°  24.2940.06™F 58.33+0.02°*  20.00£0.01** 0.94+£0.01°® 2120 96.02+2.47®  3.24+0.77°
S
RAFHZH 3 63.69+£0.09°  34.67+0.04*B 52.78+0.01°*  19.20£0.02°C  0.95£0.01°® 20.14 87.29+2.47°C  2.47+0.84°C
REPRZH 4 49.06£020°°  50.0320.04**  97.22+0.01**  19.70£0.01°*® 0.94+0.02*® 21.04 69.8342.47F 2.3510.82%BC
LbFEZE 1 90.41+0.03A  6.78+£0.01°C  20.83£0.06™  14.97+0.05°P 0.90+0.02°° 16.71  89.03+0.12°* 4.2120.61*
i%kﬁ‘&ﬁ%ﬁz 93.79+0.01%  4.44+0.01°° 25.00£0.00®  14.40+£0.14° 0.90+0.03°° 1596 108.24+2.47** 4.64+1.59°°
7
REFRZE 3 77.4040.12°%B  20.65£0.11%%C 25.00£0.00®  16.17£0.47F  0.96+0.02°® 1690 111.73+2.47** 3.85+1.79°"
RhFHZH 4 83.12+0.03°  14.8240.02°" 37.50+0.18°F  15.53+0.45"° 0.92+£0.03® 16.89  89.03+0.12°* 3.13+1.30%
RAFBZH 1 94.05+£0.03**  2.96+0.01°C 25.00£0.00°®  16.90+0.08°C 1.11£0.01** 15.18  55.86+2.47C 5.23+1.91*
RhFHZH 2 88.89+0.05%  10.77+0.02°C 25.00+0.00  17.10£0.14°C  1.10+£0.04° 15.56  68.09+4.28°C 7.20+1.78*
BT
Pais
REFRZH 3 91.30+0.03%  5.50+0.01°C  25.00+0.00°®  17.43£0.45°° 1.07£0.07%* 1640 78.56+0.12°° 7.3242.01%*
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Al
RhFBZH 3 45.11+0.05°C  42.6240.07**  25.00+0.00°®  20.27+0.05  0.87+0.02*C 2330 57.61+0.38F 1.01+0.23%°
RhFHZH 4 53.93£0.01°  38.17+0.02**  25.00+0.00  19.53+0.17®  0.86+0.02°°C 22.81  52.37+0.12%C 1.54+0.55°
RhREZH 1 67.11+£0.10°  15.84+0.03°B  25.00+0.00®  20.47+0.05** 1.03£0.01°® 19.81 52.37+0.24% 1.82+0.31®
LbFEZE 2 58.98+0.07°5C  21.64+0.09°5C 29.17+0.06°®  20.10£0.08* 1.05+0.02°C 19.09  62.85+0.12°C  1.35+0.25"°
KRBT
||
LhFEZE 3 19.7940.04%°  19.79+£0.04°5C 57.74+£0.07**  21.27+£0.12**  1.06+£0.01** 20.07 104.75+024°® 1.91%0.73*P
RbFRZH 4 50.0240.07°8  50.02£0.07**  32.72+0.09°  20.23£0.09%*  0.95+0.03°® 2125  68.09+0.12°% 1.53+0.53%
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Tab.2 Principal component analysis of evaluation factors to grape quality

o s e 0 2t ‘ . PORiAs

RIIE AFER TR s gppu gpprge TEWE TR o i wwmE SRR
B EEY

PC1 4499  56.242 56.242 0.921" 0.843" 0392  —0.851" -0.488 -0.960° —0.284 0.906"

PC2 1487  18.581 74.824 0.151 0.145  0.816°  —0.101 0.4 0.178  0.752°  —0.096

PC3  1.142 14272 89.096 —0.117 0233 —0.061 0481 —0.742" -0.039  0.526 0.105

T TFOREAR AR A I R A X
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Tab.3 Principal component score and comprehensive score of grapes

3 . PC1 PC2 PC3 2O M
I e T Y 7V S TR TV S
AbFRZE 1 -1.4 13 -1.46 18 -0.16 11 -1.08 17
I AbFHZH 2 -0.9 11 —1.48 19 —0.44 15 -0.85 13
KbFZH 3 -0.93 12 -1.31 16 -0.42 13 -0.82 12
AP 4 -1.8 15 -1.4 17 0.04 10 -1.27 19
AbFRZE 1 2.24 6 0.88 6 -1.7 19 1.18 6
AbFHZH 2 2.91 3 0.16 9 -1.83 20 1.41 5
ok RbFZH 3 1.32 7 -0.46 14 -1.32 17 0.47 7
AP 4 1.08 8 —0.64 15 —1.49 18 0.27 8
AbFRZE 1 3.46 1 0.7 7 1.76 1 2.33 1
. AbFHZH 2 2.71 4 -0.19 12 0.88 6 1.61 4
L RbFZH 3 2.97 2 -0.24 13 0.7 7 1.72 2
AbFHZH 4 2.44 5 0.33 8 1.34 3 1.62 3
AbPRZE 1 -2.16 18 1.73 2 0.54 8 -0.81 11
N AbFHZH 2 -2.17 19 1.99 1 -0.56 16 -0.93 15
S AbFHZH 3 -2.49 20 1.36 4 —0.38 12 -1.2 18
AbFHZH 4 -2.04 17 1.72 3 -0.43 14 -0.89 14
AbFREE 1 -0.73 9 0.9 5 1.37 2 —0.05 9
N AbFHZH 2 -0.83 10 -0.09 10 1.06 4 -0.33 10
S AbFHZH 3 -1.92 16 2.4 20 0.92 5 -1.4 20
AbFHZH 4 -1.75 14 —0.11 11 0.13 9 -0.99 16
3
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Fig.3 First and second principal component
scores of grapes in different e-commerce
packages and different production areas
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