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Applications of Functional Tray Form Packaging to Extend the
Freshness of High-Quality ‘Fuji’ Apples
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Abstract

We investigated the effects of storage temperature and packaging treatment on the freshness of high-quality ‘Fuji’
apples to improve consumer confidence in the maintenance of high fruit quality during distribution. A 0.35 mm-deep
PET tray form-sealed with a 0.05 mm LDPE film lid was developed and tested with the aim of optimizing gas
composition within the package headspace to utilize potential modified atmosphere (MA) storage to maintain the
freshness of apples. Weight loss, color difference, firmness, respiration rate, gas concentrations in packages, acidity,
solid soluble content, and fruit decay rate were measured during storage at 5C and 25°C. The results showed
that respiration rate, weight loss, color difference, and firmness were lower and overall quality better during storage
at 5C compared with 25°C. Also, the fruits packed in the functional tray form showed a low level of quality
changes compared with the control (no packaging). The accumulated gasconcentrations in the headspace of the
packages decreased from 21% to 12% O, and increased from 0% to 5% CO; (v/v) on day 7, and after remained
at those levels thereafter. Soluble solid contents and total acidities of the packaged fruits were in the range of
11 - 14 °Brix and 0.2 - 0.3% during storage. Decay rates in the control and packaged fruits were more than 20%
and less than 10% at 3 weeks, respectively. Based on the standard acceptable level (less than 10%) of total weight
loss, it could be estimated that the shelf life of top-quality fruits packed in functional trays was 3 weeks at 5T
and 16 weeks at 25°C, whereas the shelf life of the control fruit was 1 week and 12 weeks, respectively. For
the top-quality fruit '"Fuji" apples, the best results were obtained with a functional tray form for packaging treatment

and a storage temperature of 5C.
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Fig. 1. Functional packaging structure of ‘Fuji’ apples for the
storage arrangement.

() An inner tray for a functional PET tray form sealed with LDPE film (b) Corrugated
open-top boxes (the left side represents the control without a PET inner tray, and the
right side represents the outer box with a PET inner tray).
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Fig. 2. Gas levels for ‘Fuji’ apples in an inner PET tray at 5(A)
and 25C(B).

Values are meanststandard deviation (n=12).
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Fig. 3. Changes in respiration rate of ‘Fuji’ apples at 5(A) and 25C
®).

Values are meanststandard deviation (n=12).
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Fig. 4. Weight loss of ‘Fuji’ apples at 5(A) and 25C(B).

Values are meanststandard deviation (n=12).
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Table 1. Changes in skin color and hardness of 'Fuji’ apples during storage

Storage (weeks)

Parameters
0 2 4 6 8 10 12 14 16
L Control” 39.03a" 38.87a 38.33a 38.56a 39.01a 38.81a 37.84a 38.11a 38.70a
PKGY 39.03a 39.01a 39.25a 39.31a 39.83a 39.46a 39.36a 39.54a 39.77a
Hunter ‘L’ value
RT Control 39.12a 39.18a 39.34a 4041a 41.08a - - - -
PKG 39.12a 39.29a 39.41a 40.93a 41.16a - - - -
- Control 21.27b 21.95b 21.13b 21.10b 21.08b 21.14b 22.36b 19.88b 21.05b
RT 21.27b 20.31b 19.64b 20.83b 20.05b 20.11b 21.34b 20.61b 20.67b
Hunter ‘a’ value
RT Control 21.35b 20.35b 20.28b 19.32bc  19.42bc - - - -
PKG 21.35b 19.84b 18.88b 18.41b 18.36a - - - -
- Control 23.73b 23.90b 21.89b 16.33¢ 124lcd  1356cd  14.33cd  13.52cd  15.01cd
PKG 21.77b 22.92b 23.48b 14.32¢ 1129cd  1149cd  134lcd  12.06cd  13.16cd
Hunter ‘b’ value
RT Control 22.66b 21.88b 22.82b 16.60c 12.28¢d - - - -
PKG 22.66b 21.70a 22.12a 1841c 16.35¢d - - - -
- Control 13.2¢ 16.8d 16.9d 134¢ 12.9¢ 11.7d 11.5d 11.2d 10.8d
PKG 132 15.7d 15.8d 16.1d 16.3d 16.5d 13.9¢ 13.3d 13.1d
Hardness (N)
RT Control 124c 13.6¢ 16.3d 13.8¢ 11.7c - - - -
PKG 12.4¢ 14.6d 12.4¢ 10.3¢ 9.8¢ - - - -

LT and *RT indicate the storage temperatures of 5 and 25°C.

Control and *PKG mean the outer corugated boxes without a PET inner tray and with a PET plastic tray.
Data are the average value for 12 samples. “Mean separation in the same row by Duncan’s multiple range test at p=0.05.
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Table 2. Changes in soluble solid content, total acidity and ethylene production of ’Fuji’ apples during storage

Storage (weeks)

Parameters
0 2 4 6 8 10 1 14 16
\ Control” 20 11% 1222  12% 1244 137 3% 16 123
LT
Soluble solid content PKGY 12.0a 12.02 12.1a 11.9a 119 12.0a 12.1a 12.0a 119
(Brix) Control 22  Bla 130 132 13 i . ) .
RT?
PKG 22 1B 122 120 12a i . . -
Control 02 028 028 027 0276 026 025  023%hc 022
LT
Tl sy RT 029 032 031  030b 028 026 025  02bc  023be
%) Control 028y 024 022  020c 018 i . ) .
RT
PKG 028y 031b 028  024b 02 i . . -
Control 503 1501d 1503d 1231 748  2131f  118%de  945de  1743de
LT
PKG 503 1511 487  925¢ 49 1288  100lde  73le 742
GH, (ul/g/hr)
Control 627 10390 40200 4203 395l i ) ) -
RT
PKG 627 1033d 2046 26k 312% i . ) .

LT and )RT 1nd1cate the storage temperatures of 5 and 25°C.

Control and *PKG mean the outer corrugated boxes without a PET inner tray and with a PET plastic tray.
Data are the average value for 12 samples. “Mean separation in the same row by Duncan’s multiple range test at 7=0.03.
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Fig. 5. Decay rate of ‘Fuji’ apples at 5(A) and 25C(B).

Values are meanststandard deviation (n=12).
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