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Abstract: In order to determine the suitable film materials for the storage of Citrus unshiu and prevent the cross
infection of citrus fruit during storage period reduce the decay rate and maintain the good sensory quality of citrus
unshiu this article used the commercial maturity of Citrus unshiu as experimental material to study the effects of three
commonly used packaging materials including polyethylene ( PE)  polyvinyl chloride ( PVC) and oriented
polypropylene ( OPP) on the quality during their storage period. The changes of comprehensive sensory evaluation
weight loss rate sugar-acid ratio vitamin C content CO, content total bacteria colonies texture profile analysis
( TPA) and the other indicators of Citrus unshiu were measured regularly during storage period. The original indicators
were integrited into 6 principal component factors by using principal component analysis. The cumulative contribution
rate was 91.186%. A comprehensive evaluation model was used to calculate the comprehensive evaluation index F
value. The results showed that different film packaging materials had different preservation levels for Citrus unshiu
during storage. The F value was sorted as PE>OPP>PVC. PE was better than OPP and PVC in keeping the sensory
qualities of Citrus unshiu and suppressing water loss and keeping a high ratio of sugar to acid and lower concentration
of carbon dioxide. Above results provided the application basis and theoretical reference for the study of storage and
preservation of Citrus unshiu and Citrus packaging machinery in the future.
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Table 1 Mechanical properties and barrier properties of different films.
( mm) N ‘ e d -
( MPa) ’ (g/m®><d+0.1 MPa) (cm’/m’+d«0.1 MPa)
PE 0.02 69.18+4.29 a 47.77%+2.90% b 2.27+0.25 a 0.66+0.07 a
pPVC 0.02 56.81+£2.99 b 68.96%+5.16% a 1.52+0.21 ab 0.5+0.11 ab
OopP 0.017 43.34+2.66 ¢ 66.21%+2.95% a 1.74+0.34 b 0.39+0.07 b
P<0.05

Note: Different lowercase letters in the same column indicate significant difference at P<0.05 level.
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Fig.4 Effects of different packaging treatments

on Ve content of Citrus unshiu.

108 21
28% ——CK pPVC
2% O PE Ve o
—— PVC
24% -
£ o OFF 2.6 Co,
:_'é 22% -
g 20%f
8
=
2 18% |
§ 16% | ° 3
B2 Ll CO,
12% |
10% : : : : : : o
0 6 12 18 24 30
W3 51 (d) CO,
Storage time(d)
3 0,
Fig.3 Effects of different packaging treatments on . PE OPP Co,
the sugar-acid ratio of Citrus unshiu.
CoO, 3.23%  3.2%- pPvC
v 18 d CO, PE OPP
o C
( P<0.05) , PE OPP
(0(0) o
o Ve ’
4 i e
Ve —o— PE
6% | —v— PVC
o g —— OPP
2
Ve S anl
Ve S
21 R Eﬁ 2% |
Ve 8
0 o - - - - °
o Ve (P
>0.05) pvC Ve o . . . . . .
0 6 12 18 24 30
32 - W gk ) (d)
Storage time(d)
30 F
5 CO,
~ 28F
Q Cy
g8 2p
3 ED - Fig.5 Effects of different packaging treatments on
E;; 15: CO, content of Citrus unshiu.
e
0 9
>R 20F ok 2.7
18 TO°FPE
——PVC
16 —— OPP
1 1 1 1 1 1 ( 6)
14
0 6 12 18 24 30
Wi ) (d)
Storage time(d) °
4 Ve
0, Co,

PE  PVC oprp CK



109

4
( P<0.05) PE . 2 TPA
. TPA
] . PVC
:_ Dl 89.81 MJ  29.53 N
—— PVC ( P<0.05) opPP
=27 T PE ;3 CK
B3 el 0.38~0.41
g"g Sl (P>0.05) ; 7.16 ~
25,1 10.11 PE
3 | ( P<0.05) PVC
OPP ;PVC 12.08 N
’ (; I6 1I2 ) 1|s 2I4 3|0 opp PE
(P>0.09);
18.80~19.55
6 ( P>0.05) .
Fig.6 Effects of different packaging treatments on
bacteria colony number of Citrus unshiu.
2.8 - PE 18.31 N
(P>
TPA 0.05) ; PVC 111.89 N OPP
TPA 164.67 N 202,
2 TPA
Table 2 Effects of different packaging treatments on TPA indexes of Citrus unshiu.
Character CK PE pPvC opP
( MJ) Chewiness( MJ) 121.05+46.27 be 171.45+25.35 a 89.81+43.75 ¢ 130.60+33.07 b
(' N) Hardness( N) 39.37+10.34 ab 45.07+2.13 ab 29.53+7.89 ¢ 38.24+6.24 b
Cohesiveness 0.38+0.06 a 0.38+0.04 a 0.41+0.04 a 0.41+0.07 a
Springiness 8.16+0.96 b 10.11+£0.52 a 7.16£1.58 b 8.40+1.51 b
( N) Gumminess( N) 14.02+3.92 a 16.97£1.72 a 12.08+3.44 a 15.00+£2.53 a
Resilience 16.38+2.39 a 18.80+1.46 a 19.48+2.10 a 19.40+3.41 a
(' N) Maximum shear force( N) 25.26+5.85 a 18.31£3.22 b 20.03+3.05 b 21.57+1.39 ab

( MJ) Cutting work( MJ) 155.06+30.78 a

150.41+40.66 ab

111.89+13.70 b

164.67+32.30 a

P<0.05

Note: Different lowercase letters in the same row indicate significant difference at P<0.05 level.
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Table 3  Eigenvalues of principal component analysis.

. CO,

Principal component

Characteristic value

Contribution rate

Accumulative contribution rate

1 4.461 31.87% 31.87%
2 2.787 19.91% 51.77%
3 2.282 16.30% 68.07%
4 1.75 12.50% 80.57%
5 0.875 6.25% 86.82%
6 0.612 4.37% 91.19%
7 0.58 4.14% 95.33%
8 0.31 2.22% 97.54%
9 0.179 1.28% 98.82%
10 0.069 0.49% 99.31%
11 0.062 0.44% 99.76%
12 0.027 0.20% 99.95%
13 0.005 0.04% 99.99%
14 0.002 0.01% 100%
4
Table 4 Eigenvectors of principal component analysis.
Component PC1 pPC2 PC3 pc4 PC5 PC6
X, Hardness 0.89 -0.355 -0.128 -0.031 0.023 -0.016
X,: Flocculabicity -0.217 0.788 -0.154 0.404 0.307 0.134
X Elastic 0.844 0.074 -0.044 0.433 -0.158 0.04
X, Gumminess 0.933 0.119 -0.23 0.095 0.1 -0.012
X Chewiness 0.909 0.144 -0.183 0.316 0.005 0.054
X Resilience 0.062 0.859 0.226 0.337 0.196 0.001
X;: Ve Ve content -0.22 0.539 -0.437 -0.178 -0.432 0.468
Xy Sensory evaluation 0.365 0.057 0.494 0.631 0.193 0.35
X, Snipping power 0.086 -0.674 0.327 0.279 0.333 0.238
Xio: Sugar acid ratio 0.053 -0.224 0.589 0.612 -0.324 0.084
X, Weight loss rate -0.613 -0.413 -0.44 0.396 -0.238 0.019
X, Maximum shear force -0.405 -0.16 -0.731 0.136 0.426 -0.024
X CO, -0.421 0.429 0.644 0.075 -0.026 -0.26
X Bacteria colony number -0.548 -0.291 0.265 0.336 0.167 0.339
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