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The influence of subcritical drop heights on respiratory rate was studied for cherry tomatoes. The cherry tomatoes were dropped,
and the mean value of O

2
concentration was measured, and then the respiration rate was calculated. The results showed that

the respiration rate of the cherry tomatoes increases remarkably with the dropping height. Finally, the relationship between the
subcritical dropping heights and respiration rate was modeled and validated, showing good agreement.

1. Introduction

Respiration of fruits and vegetables is an important physio-
logical activity in the postharvest and also is an important
factor affecting the storage lifetime, but one of major factors
affecting the respiration of picked fruits is the mechanical
damage [1, 2]. Fruits may suffer the damage of varying
degrees during harvest, classification, packaging, transporta-
tion, loading and unloading, and storage, which will lead
to the change in the respiration rate, the decline in quality,
and the decrease in the storage time. Therefore, studying
and forecasting the fruits breathing intensity not only are
essential for the fruits’ storage and preservation but also
have directive significance to the fruits’ packaging design.
Domestic and foreign scholars have conducted many related
researches. Chen Shoujiang and Dejing [3] studied the effect
of mechanical stress by falling from different height on
senescence of the strawberry during cold storage. The results
showed that each index of strawberry fruit decreased with
the increase of mechanical damage. Lin et al. [4] studied
the influence of mechanical stress on the active oxygen
metabolism system of apple during transportation. Lixin and
Zhiwei [5] performed the quasi-static compression testing
with two kinds of pear specimens of full flesh and developed

a general rheologicalmodel of a nonlinear visco elastic plastic
solid. Van Zeebroeck et al. [6] simulated fruit impact damage
during transport and handling. Reinosuke et al. [7, 8] studied
the changes in respiration rate of several fruits during and
after vibration. Brusewitz and Bartsch [9] studied the impact
parameters related to postharvest brusing of apples. Parks
[10] studied sugarbeet injury within harvesting and handling
equipment and usedmanyways to evaluate sugarbeet, includ-
ingmeasuring respiration rate and the amount of sucrose and
impurities in the root while in storage.

The harsh mechanical environment that the fruits may
encounter in circulation is the drop impact on the ground, the
dock, or the station.Thedropping height is the direct strength
parameter under the external mechanical stimulation. The
respiration rate of the fruits while dropping is related not only
with the mechanical damage but also with the temperature
and humidity, the proportion of the air, and so on.The above
studies are basically about the research of the changes in
the nutrient and respiratory rate of fruits which have been
destroyed, but there is no related study on the influence of
sub-critical dropping heights (the heights below the critical
dropping height) on the respiration rate of fruits and veg-
etables. The fruits will be damaged dropping from the height
above the critical dropping height, but the effect of subcritical
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Table 1: Changes of cherry tomatoes’ respiratory rate over time under different dropping heights.

Dropping
heights/cm 0 5 10 15 20

Time/h 𝐶(O2)/%
𝑅(O2) /mL/

(kg⋅h) 𝐶(O2)/%
𝑅(O2)/mL/

(kg⋅h) 𝐶(O2)/%
𝑅(O2)/mL/

(kg⋅h) 𝐶(O2)/%
𝑅(O2)/mL/

(kg⋅h) 𝐶(O2)/%
𝑅(O2)/mL/

(kg⋅h)
0 20.0 / 20.0 / 20.0 / 20.0 / 20.0 /
1 19.7 30.0 19.7 30.0 19.7 30.0 19.7 30.0 19.7 30.0
3 19.2 25.0 19.2 25.0 19.2 25.0 19.2 25.0 19.3 20.0
6 18.6 20.0 18.7 16.7 18.7 16.7 18.8 13.3 18.8 16.7
12 18.0 10.0 18.1 10.0 18.0 11.7 18.0 13.3 17.9 15.0
24 17.0 8.3 17.0 9.2 17.0 8.3 16.9 9.2 16.7 10.0
36 16.1 7.5 16.0 8.3 16.1 7.5 15.9 8.3 15.6 9.2
60 14.8 5.4 14.6 5.8 14.8 5.4 14.4 6.3 14.0 6.7
84 13.6 5.0 13.4 5.0 13.5 5.4 13.0 5.8 12.5 6.3
108 12.5 4.6 12.4 4.2 12.5 4.2 11.6 5.8 11.0 6.3
132 11.5 4.2 11.4 4.2 11.5 4.2 10.2 5.8 9.5 6.3
156 10.6 3.8 10.4 4.2 10.5 4.2 8.8 5.8 8 6.3
180 9.7 3.8 9.4 4.2 9.5 4.2 7.4 5.8 6.5 6.3

dropping height on the respiration rate of fruits is still
unknown. It is desirable to obtain the relationship between
the subcritical dropping height and the respiration rate for
fruits. In this paper, the respiration rate of cherry tomatoes
under different subcritical dropping heights is studied, and a
mathematical model is developed, acquiring the relationship
between the dropping height and respiratory rate.

2. The Measuring of Respiratory Rate

2.1. Test Materials. We used cherry tomatoes of an equal
weight, which is about 100 g ± 0.5 g.

2.2. Test Method. Divide the cherry tomatoes into three
groups, make sure the weight of 3 small experimental groups
in each group is equal, and number each experimental group
as 1-a, 1-b, 1-c, 2-a, 2-b, 2-c. . .. Determine three subcritical
heights as 5 cm, 10 cm, and 15 cm, dropping, respectively, at
the height of 5 cm, 10 cm, 15 cm, and 20 cm using the self-
made dropping device, then put them in the crisper for
sealing, and then test O

2
/CO
2
concentration of each test

groupwithin the crisper at a specific interval time (1 h, 2 h, 3 h,
6 h, 12 h, 12 h, 24 h, 24 h, 24 h, 24 h, 24 h, and 24 h). In order
to minimize the error caused by the instrument extracting
gas, each experimental group also includes three crispers, so
different crisper is tested in each measurement. Record and
analysis the test data, and then calculate the respiration rate
of cherry tomatoes at different dropping heights, and finally
analyze the relationship between the two.

2.3. Test Instrument. Plastic sealed box (1000mL), the top air
analyzer of O

2
/CO
2
, the laboratory-made dropping device,

and the silicone gasket were used.

2.4. Test Result and Discussion. Measure the mean value of
O
2
concentration of the cherry tomatoes at the different
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Figure 1: Effect of different sub-critical dropping heights on cherry
tomatoes’ respiratory rate.

dropping heights, and calculate the respiration rate 𝑅(O
2
)

according to (1), as shown in Table 1:

𝑅O
2

=

(𝐶
𝑡
𝑖

O
2

− 𝐶
𝑡
𝑓

O
2

) × 𝑉

100 ×𝑀 × (𝑡
𝑓
− 𝑡
𝑖
)

, (1)

where 𝑡
𝑖
and 𝑡
𝑓
denote, respectively, the starting and terminal

testing time. 𝐶𝑡𝑖O
2

and 𝐶𝑡𝑓O
2

represent the concentration of O
2
.

𝑉 is the free volume of the container, and𝑀 is the mass of
fruit.

With the O
2
concentration of the cherry tomatoes at

the different dropping heights, the respiration rate 𝑅(O
2
)

calculated according to (1) was obtained and compared for
different sub-critical dropping heights, as shown in Figure 1.
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Figure 2: 𝑎-ℎ Simulation curve.

The following conclusions can be obtained through the
above chart. The respiration rate of the cherry tomatoes
decreases with the increase of the storage time, finally moves
towards balance, and significantly decreases in the beginning,
and the more the dropping heights the more obviously the
downward trend, and it shortens the time of reaching the state
of equilibrium. In addition, the more the dropping heights,
the increaser the respiration rate of the the cherry tomatoes.

3. Mathematical Model and Characterization
of the Relationship between Subcritical
Load Intensity and Respiration Intensity

According to the dependence nature of cherry tomatoes’
respiratory rate on sub-critical dropping height, it is possible
to model the relationship between the dropping height and
the respiration rate. Firstly, the time-dependent respiratory
rate meets the following general formula [11, 12]:

𝑅 (O
2
) = 𝑎𝑡

−0.25
+ 𝑏. (2)

Then, the relationship between the dropping height and
the model parameter 𝑎 and 𝑏 were fitted, respectively. From
Figures 2 and 3, the fitting models for 𝑎 and 𝑏 with the
dropping height can be obtained:

𝑎 = −0.01783ℎ
2
− 0.06303ℎ + 39.36,

𝑏 = 0.001101ℎ
3
− 0.01897ℎ

2
+ 0.259ℎ − 8.094.

(3)

Finally, substituting (3) into (2), the mathematical model
of the relationship between the subcritical load intensity and
the respiration intensity is obtained:

𝑅 (O
2
) = (−0.01783ℎ

2
− 0.06303ℎ + 39.36) 𝑡

−0.25

+ (0.001101ℎ
3
− 0.01897ℎ

2
+ 0.259ℎ − 8.094) .

(4)
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Figure 3: 𝑏-ℎ Simulation curve.
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Figure 4: Comparison of the simulation curve and test data for
respiratory rate under different dropping heights.

To validate the model proposed, the experiment results
are compared with model for different dropping heights, as
shown in Figure 4, showing good agreement.

4. Conclusion

In this paper, the respiration intensity of the cherry toma-
toes is determined at different subcritical dropping heights,
and a mathematical model of the relationship between the
respiration rate and the dropping height is developed. The
cherry tomatoes were dropped, and the mean value of O

2

concentration was measured, and then the respiration rate
was calculated.The results showed that the respiration rate of
the cherry tomatoes increases remarkably with the dropping
height. Finally, the relationship between the sub-critical drop-
ping heights and respiration rate was modeled and validated,
showing good agreement. However, the respiration rate of
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the cherry tomatoes is related not only with the mechanical
damage but also with the temperature and humidity, the
proportion of the air, and so on. If a comprehensive under-
standing of the respiration rate of the cherry tomatoes is
made, it is desirable to establish a mathematical model based
on different factors. Only in this way it can provide a strong
basis for the cherry tomatoes picking, storage, transportation,
and sale.
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