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Changes in Fruit Temperature and Air Constituents
in Corrugated Carton by Vibration

Reinosuke Nakamura, Akitsugu INaBa and Takuji ITo
(Laboratory of Postharvest Horticulture)

Japanese pear, apple and satsuma mandarin packed, as practiced, in double wall corrugated
cartons were vibrated at 1G and 2G for 12 or 24 hours. Changes in fruit temperatures
and air constituents in the carton were measured during and after vibration.

The fruit temperature rose steadily during vibration, and attained to the temperature
1-1.5°C higher in central part of the carton with vibration at 1G than in the carton without
vibration. The fruit temperature vibrated at 2G rose higher than at 1G. Temperature
elevation was observed, also, on a paraffin ball with vibration, showing a difference of
1°C between paraffin ball with and without vibration. The vibration test of paraffin ball
packed with various kinds of cushioning materials indicated that the temperature of paraffin
ball rose higher and more rapidly under the slippery combination of cushioning materials
inserted the corrugated boards adjacent to molded plastic trays. From the results above, the
elevation of fruit temperature with vibration seemed to be caused by frictional heat in the carton.

Air constituents in the carton without vibration remained at about 20% for oxygen and
about 0.3 % for carbon dioxide. On the other hand in the carton with vibration, the concentration
of carbon dioxide decreased to some extent and remained at a low level durig vibration,
followed by a rapid increase after vibration. Little change in the oxygen concentration was
observed during and after vibration. Air constituents in the carton laminated with polyetliylene
film were controlled by gas permeability of polyethylene film, showing a rapid decrease of
oxygen and a rapid increase of carbon dioxide in the carton without vibration. In the carton
with vibration, no changes in concentrations of oxygen and carbon dioxide were observed
during vibration, following a rapid change after vibration.

The results obtained suggested that changes in air constituents in common double wall
corrugated cartons might have little physiological effect on fruit, and that ventilation of carton
was accelerated by vibration.
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Fig. 1. Changes in fruit temperature at central part of double wall
corrugated carton vibrated at 1G and 2G. Temperature
elevation means a difference of fruit temperature with and
without vibration. Arrows indicate the time when vibration
treatments were terminated.
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Fig. 2. Changes in oxygen and carbon dioxide concentrations at central part of double
wall corrugated carton vibrated at 1G. Arrows indicate the time when
vibration treatments were terminated.
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Fig. 4. Changes in temperature of paraffin ball packed with various combination of
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means a difference of temperature of paraffin ball with and without
vibration.  Arrows indicate the time when vibration treatments were
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Fig. 5. Changes in oxygen and carbon dioxide concentrations at central part of double
wall corrugated carton laminated with polyethylene film. Japanese pear was
packed in the carton with molded plastic tray and practical cushioning
materials, and vibrated at 1G for 24 hours. Arrows indicate the time when
vibration treatments were terminated.
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