Improving traceability and transparency
of table grapes cold chain logistics by
Integrating WSN and correlation
analysis

Xiao, X, He, Q, Li, Z, Antoce, AO & Zhang, X
Author post-print (accepted) deposited by Coventry University’s Repository

Original citation & hyperlink:

Xiao, X, He, Q, Li, Z, Antoce, AO & Zhang, X 2016, 'Improving traceability and
transparency of table grapes cold chain logistics by integrating WSN and correlation
analysis' Food Control, vol 73, no. B, pp. 1556—-1563. DOI:
10.1016/j.foodcont.2016.11.019
https://dx.doi.org/10.1016/j.foodcont.2016.11.019

DOl  10.1016/j.foodcont.2016.11.019
ISSN  0956-7135

Publisher: Elsevier

NOTICE: this is the author’s version of a work that was accepted for publication in
Food Control. Changes resulting from the publishing process, such as peer review,
editing, corrections, structural formatting, and other quality control mechanisms
may not be reflected in this document. Changes may have been made to this work
since it was submitted for publication. A definitive version was subsequently
published in Food Control, [73, B (2016)] DOI: 10.1016/j.foodcont.2016.11.019

© 2016, Elsevier. Licensed under the Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International http://creativecommons.org/licenses/by-nc-nd/4.0/

Copyright © and Moral Rights are retained by the author(s) and/ or other copyright owners.
A copy can be downloaded for personal non-commercial research or study, without prior
permission or charge. This item cannot be reproduced or quoted extensively from without
first obtaining permission in writing from the copyright holder(s). The content must not be
changed in any way or sold commercially in any format or medium without the formal
permission of the copyright holders.

This document is the author’s post-print version, incorporating any revisions agreed during
the peer-review process. Some differences between the published version and this version
may remain and you are advised to consult the published version if you wish to cite from it.


https://dx.doi.org/10.1016/j.foodcont.2016.11.019
http://creativecommons.org/licenses/by-nc-nd/4.0/

Accepted Manuscript b == CONTROL

B  CONTROL
CONTROL

Improving traceability and transparency of table grapes cold chain logistics by ~ CONTROL
integrating WSN and correlation analysis CONTROL

CONTROL
sz CONTROL

Xiao Xinging, He Qile, Li Zhigang, Antoce Arina Oana, Zhang Xiaoshuan

Pll: S0956-7135(16)30633-8

DOI: 10.1016/j.foodcont.2016.11.019
Reference: JFCO 5349

To appear in: Food Control

Received Date: 29 August 2016

Revised Date: 19 October 2016

Accepted Date: 14 November 2016

Please cite this article as: Xiao Xinqing, He Qile, Li Zhigang, Antoce Arina Oana, Zhang Xiaoshuan,
Improving traceability and transparency of table grapes cold chain logistics by integrating WSN and
correlation analysis, Food Control (2016), doi: 10.1016/j.foodcont.2016.11.019

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.foodcont.2016.11.019

1. Improving traceability and transparency integrating WSN and correlation analysis
2. Monitored in actual aquatic cold chain between Xinjiang and Guangzhou in China.
3. Critical temperatures in table grapes cold chain logistics were determined.

4. Various quality parameters of table grapes were measured at critical temperature.

5. Critical quality parameters of table grapes were determined and measured.
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Abstract: Effective and efficient measurement and determination of critical quality parameter(s) is the key to
improve the traceability and transparency of the table grapes quality as well as the sustainability performance of
the table grapes cold chain logistics, and ensure the table grapes quality and safety. This paper is to determine the
critical quality parameter(s) in the cold chain logistics through the real time monitoring of the temperature
fluctuation implemented with the Wireless Sensor Network (WSN), and the correlation analysis among the
various quality parameters. The assessment was conducted through three experiments. Experiment I indicated that
the temperature have a large fluctuation from 0°C to 30°C, and the critical temperatures could be determined as 0
C, 5C,10°C, 15°C, 20°C, 25°C and 30°C. Experiment II described that the firmness and moisture loss rate,
whose Pearson correlation coefficient with the sensory evaluation were all greater than 0.9 at the critical
temperatures determined in Experiment I, could be the critical quality parameters. Experiment III illustrated that
the critical quality parameters, firmness and moisture loss rate, could be reliable indicators of table grapes quality
by the Arrhenius kinetic equation, and results showed that the evaluation model based on the firmness is better to
predict the shelf life than that based on the moisture loss rate. The best quality table grapes could be provided for
the consumers via the easily and directly tracing and controlling the critical quality parameters in real time in

actual cold chain logistics.

Keywords: Quality parameters, Table grapes, Wireless sensor network, Correlation analysis, Cold chain logistics

1. Introduction

Table grapes are popular fruits in the world due to their desirable flavor richness, as well as rich phytonutrients
which provide high value of the nutrition and dietary therapy (Jang et al., 1997; Kantsadi et al., 2014; Akaberi &
Hosseinzadeh, 2016). To reduce the quality loss and safety hazards of table grapes, and ensure that table grapes
are stored in a low temperature environment at all times after harvesting, the table grapes cold chain logistics,
which enabled by the use of refrigeration technology (Coulomb, 2008; Jiao, Fu, Mu, McLaughlin, & Xu, 2012;
Qi, Xu, Fu, Mira, & Zhang, 2014), was applied. However, the table grapes cold chain logistics was complex with
high information discrepancy, the environmental factors in the cold chain logistics, such as the temperature and
preservation gas, were mixed together, which affected the quality and safety of table grapes (Feng, Wang, Fu, &
Mu, 2014). Therefore, improving the traceability and transparency of table grapes cold chain logistics by
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determining the quality parameters of table grapes in the cold chain logistics becomes critical (Xiao, Qi, Fu, &
Zhang, 2013; Aung & Chang, 2014a).

Various quality parameters, such as the firmness (Balic et al., 2014; Carreno et al., 2015), moisture loss rate
(Solyom et al., 2013), total soluble solids (TSS) (Ye, Yue, Yuan, & Li, 2014), titratable acid (TA) (Porep, Walter,
Kortekamp, & Carle, 2014) and sensory evaluation (Kim, Oh, Lee, Bin, & Min, 2014), have been reported to
evaluate the table grapes quality in the cold chain logistics. However, it is very difficult to determine all these
quality parameter(s) in all stages of the cold chain logistics. Therefore, it is important to determine the critical
quality parameter(s) and use the critical quality parameter(s) to evaluate the quality of table grapes in the cold
chain logistics.

To determine the quality parameters of the table grapes in cold chain logistics, the real time monitoring of the
temperature is needed. The temperature in the table grapes cold chain logistics is one of the main factors that
directly affect the respiration intensity and the enzyme activity of table grapes (Fu, Yao, Ma, Qi, & Zhang, 2013).
Temperature control is therefore crucial in the cold chain logistics of table grapes to reduce deterioration, extend
the storage period and maintain the economical value of the produce (Ngcobo, Pathare, Delele, Chen, & Opara,
2013; Kim, Aung, Chang, & Makatsoris, 2015).

One of the best solutions to enable real time monitoring is the implementation of the Wireless Sensor Network
(WSN) to collect data in the cold chain logistics. WSN integrates embedded sensor technology, networking and
wireless communication technology, as well as distributed processing (Parreno-Marchante, Alvarez-Melcon,
Trebar, & Filippin, 2014). WSN detects and records the temperature, relative humidity and the other environment
data in the cold chain logistics and sends the collected data to end-users via wireless network. WSN has been
widely used in food cold chain logistics (Aung & Chang, 2014b), agriculture (Correa et al., 2014), industry (Xu,
Shen, & Wang, 2014), and many other areas. Wireless transmission has many advantages over traditional wire
transmission due to its low maintenance cost, higher mobility, better flexibility and fast deployment features
which may prove very useful in the table grapes cold chain logistics.

To determine the critical quality parameter(s) among the various quality parameters, the correlation analysis is
one of the best ways to be applied to evaluate the relationships among the various quality parameters in table
grapes cold chain logistics (Raposo et al., 2015; Lim, Chye, Sulaiman, Suki, & Lee, 2016). The correlation
between two quality parameters is more significant when the absolute value of Pearson correlation coefficient
between two quality parameters is higher, while there is no correlation between the two quality parameters if the
absolute value is approximate to 0 (Ahlgren, Jarneving, & Rousseau, 2003; Wiedermann & Hagmann, 2016).

In consideration of the discussion above, this study contributes to improve the traceability and transparency of
the table grapes quality as well as the sustainability performance of the table grapes cold chain logistics by
determining the critical quality parameter(s) of table grapes in the cold chain logistics, and ensure the quality and
safety of table grapes. The determination of the critical quality parameter(s), which were realized through the real
time monitoring of the temperature fluctuation implemented with the WSN, and the correlation analysis among
the various quality parameters of table grapes, is presented in more detailed in the following sections. The table
grapes quality could be easily and directly traced and controlled in real time via the determination results of the
critical quality parameters in actual cold chain logistics.

2. Materials and Methods
2.1 WSN nodes

The WSN detects and senses the temperature, relative humidity and the other environment data such as the gas
in the cold chain logistics via the WSN nodes, and then sends the sensor data to end-users via wireless network.

The WSN nodes are formed by several wireless sensor nodes and an aggregation node. Each wireless sensor node

is composed of a microcontroller, a radio frequency front end with the antenna and an environment sensor. The
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aggregation node consists of the network coordinator and General Packet Radio Service (GPRS) remote
transmission module. The CC2530 and CC2591 (Texas Instruments Incorporated, Dallas, Texas, USA) were used
to improve receiver sensitivity, increase output power and the transmission distance.

As discussed in above section, the real time monitoring of the temperature is needed to determine the quality
parameters of the table grapes in cold chain logistics. Therefore, the temperature environment sensor was applied
in this study. The physical implementation of the wireless sensor node hardware is demonstrated in Figure 1. The
temperature, whose optimum value is about 0°C in table grapes cold chain logistics (Xiao, Qi, Fu, & Zhang,
2013), was sensed by SHT11 sensor (Sensirion Incorporated, Staefa, Zurich, Switzerland) which was operated in
the temperature range between -40°C and +123.8°C, with an accuracy of £0.5°C. The wireless sensor nodes
were supplied with the 3.7V 3600mAh lithium battery and the aggregation node was supplied with the 5V direct

current power.

Radio frequency Microcontroller
front end CC2591> CC2530 >

Fig. 1 Physical implementation of the sensor node hardware
2.2 Quality parameters

Five initial table grapes quality parameters were followed and examined. The initial table grapes quality
parameters include the firmness, moisture loss, TSS, TA and sensory evaluation.

Firmness is an important parameter used to assess the table grapes freshness and softening degree of the berries
(Balic et al., 2014; Xiao, Wang, Zhang, Chen, & Li, 2015). The table grapes firmness was assessed using a
handheld durometer (AGY-2, Zhejiang, China) every 12 hours, which measures the force used for compressing a
berry by 1 mm, and is expressed as Newton per meter. Ten berries of grapes were used per replicate.

Moisture loss rate was also measured (Ma, Fu, Xu, Trebar, & Zhang, 2016). The total weight of table grapes
was measured at the beginning and also for each batch of grapes incubated at a certain temperature by using the
electronic analytical balance (EP6102C, Beijing, China). The total weight of the table grapes berries was recorded
every 12 hours. The moisture loss was expressed as the percentage loss of the initial total weight. Again ten
berries of grapes were randomly selected for each storage temperature for these analyses.

TSS and TA of table grapes were performed (Mirdehghan & Rahimi, 2016). Ten berries of grapes each
replicate were crushed by the tissue triturator (JJ-2, Shanghai, China), homogenized, centrifuged at 10,000 X g for
15 minutes and the resulted juice was used for the TSS and TA measurements. The TSS was measured using a
handheld refractometer (WYT-J, Shanghai, China), and was expressed in mass percentage. TA was measured by
titrating a mixture of 10 ml juice and 40 ml deionized water to the endpoint of pH 8.1, and was expressed as mass
percentage of tartaric acid.

Sensory evaluation was performed by ten experts who had received special sensory training. The sensory
parameters evaluated included the stems dehydration/browning, skin color, fragrance, mesocarp (pulp),
sourness/sweetness balance, and juiciness. The assessment scale ranges from 0 to 9 (Freitas, Lopez-Galvez,
Tudela, Gil, & Allende, 2015). 1 means Dislike Extremely; 2 = dislike very much; 3 = dislike moderately; 4 =
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dislike slightly; 5 = neither like nor dislike; 6 = like slightly; 7 = like moderately; 8 = like very much; 9 = Like
Extremely. Total score is taken as the sum of the average scores given by the experts on the evaluated parameters.
2.3 Correlation analysis

Correlation analysis is related to deal with relationships among variables. The Pearson correlation coefficient is
a measure of liner association between two variables (Champa, Gill, Mahajan, & Arora, 2015). The Pearson

correlation coefficient R is described as equation (1) (Adler & Parmryd, 2010; Puth, Neuhauser, & Ruxton,
2014).

S (X, - XY, - 7)

\/i (x, - X1, - 7Y

R =

(1)

where n is the sampling number, X, and ¥, are the 7 - th measurement value of variable X and Y, X and Y

are the mean value of the variable X and Y .

Absolute values of the Pearson correlation coefficient are always between 0 and 1. The correlation between two
variables is more significant once the absolute value of their Pearson correlation coefficient is higher, while there
is no correlation between the two variables if the absolute value is approximate to 0 (Tzamalis, Panagiotakos, &
Drosinos, 2016). The correlation between sensory evaluation and the other initial table grapes quality parameters
could be analyzed using the Pearson correlation coefficient. To determine the critical quality parameter(s)
accurately, the correlation of the table grapes quality parameters was considered to be significant when the
absolute value of Pearson correlation coefficient was higher than 0.9 (Giacosa et al., 2015).

2.4 Experimental scheme

The Kyoho table grapes (Vitis vinifera L. x V. labrusca L. cv. Kyoho) were used as the experimental material.
Three experiments, illustrated in Figure 2, were conducted.

Wireless sensor node

Critical temperature
of table grapes in
cold chain logistics

Temperature fluctuation
of table grapes in
cold chain logistics

Storage and pre-cooling Transportation

Experiment I

Critical quality Critical quality
parameters of table grapes parameters of table grapes
in cold chain logistics in cold chain logistics

Experiment I
0T SC,I0C,I5C, 20T 25T 30T

im.lnmr Table grapes

Experiment I11
(0°C-30°C in eold chain logistics)

Fig. 2 The diagram of the experiments

®  FExperiment [ was performed to monitor the real time temperature fluctuation in the actual table grapes cold
chain logistics via the WSN, and determine the critical temperatures of table grapes quality in Experiment
II according to the temperature fluctuation range.

®  FExperiment Il was performed to measure the initial quality parameters of table grapes under the critical

4
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temperatures condition determined in Experiment I, and determine the critical quality parameter(s) of table
grapes in Experiment III by the correlation analysis.

®  [Experiment Il was conducted to measure the critical quality parameter(s) of table grapes determined in

Experiment II under the temperature fluctuation conditions monitored in Experiment I, and evaluate the
table grapes quality in the cold chain logistics.

For Experiment I, table grapes were manually harvested at the complete ripeness stage with uniform sized
clusters and without sign of pest damage in a vineyard in Xinjiang, in western China. The table grapes were
transported to Guangdong province in south China by using a refrigerated truck at about 0°C. The one-way
transportation distance is about 4,300 km, which takes about 20 days. Wireless sensor nodes were placed in the
packages with the plastic boxes and the 3.7V 3600mAbh lithium battery to monitor the temperature fluctuation and
determine the critical temperature(s) of table grapes quality in Experiment II according to the temperature
fluctuation range (see Figure 2). There were 36 sensor nodes and an aggregation node. The aggregation node was
placed with the 5V direct current power in the control room when the table grapes stored in the cold storage and in
the driver cab when in refrigeration transportation. The sampling interval for each sensor node was set to 30
seconds. The length of data sending packet is 5 Bytes, which includes the sensor ID (1 Byte) and the temperature
data (4 Bytes).

For Experiment II, table grapes, same variety of table grapes were manually harvested from a greenhouse in
Hebei province, China. The table grapes were transported to the laboratory in about two hours and packed in
seven cardboard boxes of 5+0.5 kg each, which is followed by a pre-cooling stage in the cold chain storage. The
seven boxes of table grapes were stored in the incubators (LHS-150HC, Shanghai, China) under 0°C, 5°C,10°C,
15°C, 20°C, 25°C and 30°C critical temperatures determined in Experiment I, respectively, to measure the initial
quality parameters of table grapes and determine the critical quality parameter(s) of table grapes in Experiment
IIT by the correlation analysis. All the incubators were set to a relative humidity of 90-93%, to maintain optimum
humidity during the experiments (Ngcobo, Pathare, Delele, Chen, & Opara, 2013; Cai et al., 2013). The
Experiment II lasted for about 60 days.

For Experiment III, same variety of table grapes were stored in a incubator (LHS-150HC, Shanghai, China) at
the fluctuated temperature monitored in Experiment I, ranging from 0°C to 30°C and varying as shown in Figure
3, to measure the critical quality parameter(s) of table grapes determined in Experiment II and evaluate the table
grapes quality in the cold chain logistics. The incubator was also set to a relative humidity of 90-93%, to maintain
optimum humidity during the experiments. The Experiment III lasted for about 20 days.

During the storage period, at various time intervals, ten betries of table grapes were randomly selected from
each incubator with different temperature, and analyses were performed in triplicate.

2.5 Statistical analysis

Values of all quality parameters are determined by the average of three replicate assessments. The data
regression, fitting, and processing were performed by using Matlab R2013b software (MathWorks Incorporated,
Massachusetts Natick, MN, USA). The correlation of the table grapes quality parameters was considered to be
significant when the absolute value of Pearson correlation coefficient was higher than 0.9 (R > 0.9).

3. Results and Discussion
3.1 Temperature fluctuation analysis

As presented in Experiment I, the temperature fluctuation in the table grapes cold chain logistics is described in
Figure 3. The segment AB represents the first stage, during which the table grapes were harvested and prepared
for transportation at the farm. The temperature in segment AB, which mainly varied with the ambient temperature,

ranged from about 25°C to 30°C. The segment BC represents the pre-cooling and preservation storage stages. The
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temperature in pre-cooling stage was reduced rapidly from the ambient temperature to about 0°C refrigeration
temperature. The point C, whose temperature rose to about 10°C and then rapidly dropped to about 0°C, is the
table grapes loading stage. The segment CD is the transportation stage of the table grapes cold chain logistics,
during which the temperature remained stable at about 0°C. The segment DE is the table grapes unloading stage.
The temperature in segment DE rose rapidly from the 0°C refrigeration temperature to the ambient temperature
ranged from about 25°C to 30°C.

10

30 P\

N ‘Temperature variation

‘/ Unloading

‘T'ransportation

Temperature ('C)

Pre-cooling

20

10
Time (day)

Fig. 3 Temperature fluctuation in the table grape cold chain logistics
The maximum range of temperature fluctuation is about 30°C when the table grapes were harvested and sold,
while the minimum range is about 0°C when stored and transported. According to the temperature fluctuation
range and the stages in the table grapes cold chain logistics mentioned as the above in Figure 3, the critical
temperatures of the table grapes quality, could be determined as 0°C, 5°C,10°C, 15°C, 20°C, 25°C and 30°C, to
reflect the table grapes quality as comprehensive as possible (Ma, Fu, Xu, Trebar, & Zhang, 2016).

3.2 Quality parameters analysis

As described in Experiment II, the table grapes firmness evolution at the critical temperatures is illustrated in
Figure 4. Firmness decreased as the storage time lasts, irrespective of the storage temperature, but the rate of
firmness loss varies significantly at different storage temperature. As expected, the higher the temperature, the
faster the firmness loses. A reduction of firmness by 50% occurs after 53 days of storage at 0°C, while at 30°C the

same level of reduction is observed in only about 3 days.

® (0C 4 10C < 20T
Initial firmness ® 5C vw 15C » 25T

-."“-._ about 9.2IN
\ / 4 30T
| ..“-"

Fitting surface of firmness

| \\‘\‘\f«
. \\\\\\\\‘““

Firmness (N)

60

15

Temperature ('C) 30

Time (day)

0 g

Fig. 4 The table grapes firmness evolution at the critical temperatures
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The table grapes moisture loss rate evolution at the critical temperatures is presented in Figure 5. The table
grapes moisture loss occurred and varied at critical temperatures, even though the relative humidity was kept
constant and at a high value (90-93%).The table grapes moisture loss increased faster as the storage temperature
rose. These decaying processes were occurred in 3 days during storage at temperatures of 20°C, 25°C or 30°C,

while at 0°C the same phenomena only occurred after 50 days of storage.

Fitting surface of moisture lossrate W 0°C 4 10°C <4 20C 4 30T
® 5C ¥ 15C » 25C

Moisture loss rate (%)
ES

60

15

Temperature ('C) 10 30

Time (day)

Fig. 5 The table grapes moisture loss rate evolution at the critical temperatures

One of the most critical deteriorations is firmness decreased (or berry softening) (Sato, Yamane, Hirakawa,
Otobe, & Yamada, 1997), which is related to biochemical alterations in the cell of table grapes by cell wall
degrading enzymes (Brummell, 2006; Carreno et al., 2015). The softening of table grapes in clod chain logistics
was occurred primarily due to an increase in enzyme activity as the temperature rose (Giacosa, Marengo, Guidoni,
Rolle, & Hunter, 2015).

In addition, taking into account that the moisture content in table grapes is higher than that in many other types
of fruits and vegetables (Ngcobo, Delele, Chen, & Opara, 2013), the moisture loss also plays a role in firmness
evolution in the table grapes cold chain logistics. Firmness decreased (or berry softening) was found to be directly
correlated to fruit moisture loss during storage in previous studies (Solyom et al., 2013; Carreno et al., 2015). This
correlation could be also observed immediately by comparing the parameter evolution in our study as shown in
Figure 4 and Figure 5.

17
J Initial total soluble solid = 0T 4 10C < 20T ¢ 30C

about 15.42% e 5C w 15C » 25C

Total soluble solid (%)

60

Fitting surface of total
soluble solid

15
Temperature (C) 10

40
30

Time (day)

Fig. 6 The table grapes TSS evolution at the critical temperatures
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The table grapes TSS evolution at critical temperatures is demonstrated in Figure 6. The TSS content did not
show significant differences at 20°C, 25°C, and 30°C in 6 days, and rose to the maximum level in 9 days and then
decreased in the case of 10°C. The results may be affected by the environment and other subjective factors during
the measurement (Ye, Yue, Yuan, & Li, 2014).

The table grapes TA evolution at critical temperatures is described in Figure 7. The TA decreased as the
temperature increased and the storage time got longer. As expected, the loss of acidity was faster at 20°C, 25°C
and 30°C critical temperatures, which may be ascribed to the faster metabolic rates in cells as the temperature
rose (Sweetman, Sadras, Hancock, Soole, & Ford, 2014).

The table grapes sensory evaluation at critical temperatures is illustrated in Figure 8. The sensory evaluation

scores of the table grapes decreased as the storage time, and the scores were lower at the higher temperature.
7

Initial titratable acid
6.5 ... about 6.43%

5.5

Titratable acid (%)

45
30

60
20 Fitting surface of
15 titratable acid

Temperature ('C) 30

Time (day)

® 0C 4 10C <« 20T

Initial score

.. about 9 ® 5C v 15C » 25C
il / * 30T

Fitting surface of score

Score

60

15

Temperature ('C) 10 30

Time (day)

Fig. 8 The table grapes sensory evaluation at the critical temperatures
In all the cases, irrespective of the storage temperature, the table grapes quality was always in a state of
declining, even at 0°C, the temperature at which was expected a preservation of the quality for a longer period of
time. The table grapes firmness showed significant variation with the temperature, with an expected fall in

firmness as the temperature increased. The table grapes moisture loss rate increased not only with the rising
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temperature, but also with the storage time. The moisture loss also plays a role in firmness evolution in the table
grapes cold chain logistics. The sensory evaluation scores were also decreased as temperature increased.
However, TSS and TA content have an unstable variation because the measurements may be affected by the
environment and other subjective factors (Ye, Yue, Yuan, & Li, 2014).

3.3 Correlation analysis of quality parameters

According to the measurement results in Experiment II, the Pearson correlation coefficient between the sensory
evaluation and the other initial quality parameters of table grapes, as shown in Figure 9, was calculated.

The Pearson correlation coefficients between the sensory evaluation and the firmness, the sensory evaluation
and the moisture loss rate were all greater than 0.9, meaning that these two quality parameters are best correlated
with the sensory evaluation of the table grapes. While the Pearson correlation coefficients between the sensory
evaluation and the TSS, the sensory evaluation and the TA were all unstable. Therefore, these two quality
parameters, firmness and moisture loss rate, could be considered as the critical quality parameters for the
evaluation of the table grapes quality at the critical temperatures, and particularly in the table grapes cold chain
logistics (Carreno et al., 2015).

Pearson correlation
coefficient >(0.9

Pearson correlation
0.4 coefficient of TSS

Pearson correlation coefficient

m (0C A 10C «4 20C
e 5C w 15C » 25T
30°C

0.2

0,

. Pearson correlation
Firmness

coefficient of TA

Moisture loss rate 30

Quality parameter TSS 15

Temperature ('C)

Fig. 9 The Pearson correlation coefficient between the sensory evaluation and
the other initial quality parameters of table grapes

3.4 Critical quality parameters analysis

As determined in Experiment II, the critical quality parameters of table grapes were measured as in Experiment
III at the temperature fluctuation conditions monitored in Experiment I. The firmness and moisture loss rate

evolutions at the temperature fluctuation conditions were presented in Figure 10 and Figure 11 respectively.
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Fig. 10 The table grapes firmness evolution at the temperature fluctuation conditions

« Moisture loss rate Unloading

Moisture loss rate (%)

Fitting surface of

; 20
moisture loss rate

Temperature (C)
Time (day)

Fig. 11 The table grapes moisture loss rate evolution at the temperature fluctuation conditions

The table grapes firmness decreased over time in the table grapes cold chain logistics, in the same way as it was
observed in the incubators with critical temperatures in Experiment II. The table grapes moisture loss rate also
increased as the temperature rose, or vice versa, even though the constant relative humidity condition was set as in
Experiment I1I.

The measurement results indicate that the critical quality parameters evolutions at the temperature fluctuation
conditions monitored in Experiment I have the same variation as they were observed in the incubators with critical
temperatures in Experiment II. The critical quality parameters of table grapes, firmness and moisture loss rate,
could be reliable indicators of table grapes quality (Gwanpua et al., 2015). The decline of firmness and the
increase of moisture loss rate were all slower in the cold chain logistics than those in the case of above 0°C
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critical temperatures at the same period of time. This is because the table grapes were managed to keep at about 0
‘C most of the time in the cold chain logistics.

3.5 Quality evaluation analysis of table grapes

As the correlation analysis in Experiment II and the measurement results in Experiment III, the table grapes
quality in the cold chain logistics could be evaluated by the Arrhenius kinetic equation based on the firmness and
moisture loss rate (Fortea, Lopez-Miranda, Serrano-Martinez, Carrefio, & Nufiez-Delicado, 2009).

The quality evaluation models of table grapes based on the firmness and moisture loss rate, which calculated by
the liner regression according to the measurement results in Experiment II and Experiment III, are described as

equation (2) and equation (3).

! firmness 0 firmness

t firmness —

(1.28E +12) xexp _0.848E+4 ©
8.314xT
! InC, -InC,
moisture = moisture oisture
(3.05E +10) xexp _6354E+4 .
8.314xT

where T is the storage temperature which is expressed in K , ¢ and ¢ are the predicted shelf life of

Sfirmness moisture

the table grapes based on the firmness and moisture loss rate evaluation model at 7', C, and C, are the

firmness moisture

initial value of the table grapes firmness and moisture loss rate, C, and C, are the final value of the table

firmness moisture

grapes firmness and moisture loss rate at 7.

The table grapes prediction and observation shelf life at 0°C in Experiment II is described in Table 1. The
evaluation model based on the firmness is better to predict the table grapes shelf life than that based on the
moisture loss rate. The relative error between the prediction and observation shelf life of table grapes is about
3.45% and 7.14% respectively.

Table 1. The table grapes prediction and observation shelf life at 0°C

Quality parameters  Prediction value (day) Measurement value (day) Relative error (%)

Firmness 56 58 3.45%
Moisture loss rate 52 56 7.14%

4. Conclusions

This paper contributes to improve the traceability and transparency of the table grapes quality as well as the
sustainability performance of the table grapes cold chain logistics by determining the critical quality parameter(s)
of table grapes in the cold chain logistics, and ensure the quality and safety of table grapes. The critical quality
parameter(s) of table grapes in cold chain logistics was determined through the real time monitoring of the
temperature fluctuation implemented with the WSN, and the correlation analysis among the various quality
parameters of table grapes. Three experiments were conducted to assess the table grapes quality in the cold chain
logistics.

Experiment I indicated that the temperature monitored by the WSN in the table grapes cold chain logistics have

a large fluctuation, whose maximum range is about 30°C when table grapes were harvested and sold, and
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minimum range is about 0°C when stored and transported, and the critical temperatures could be determined as 0
C,5C,107C, 157C, 20°C, 25°C and 30°C, to reflect the table grapes quality as comprehensive as possible.

Experiment Il described that the initial quality parameters of the table grapes were all affected by the
temperature, and the firmness and moisture loss rate could be the critical quality parameters by the Pearson
correlation coefficient analysis between the sensory evaluation and the other initial quality parameters.

Experiment III illustrated that the critical quality parameters, firmness and moisture loss rate, could be reliable
indicators of table grapes quality by the Arrhenius kinetic equation. The firmness and moisture loss rate
evolutions at the temperature fluctuation conditions monitored in Experiment I have the same variation as they
were observed in the incubators with critical temperatures in Experiment II, and the evaluation model based on the
firmness is better to predict the shelf life than that based on the moisture loss rate.

The table grapes quality could be easily and directly traced and controlled in real time via the measurement of
the critical quality parameters in actual cold chain logistics. The transparency as well as the sustainability
performance of the table grapes cold chain logistics could be improved in further, and the best quality table grapes
could be also provided for the consumers.

The results of this study provide some theoretical basis for the assessment of the table grapes quality in cold
chain logistics, which can be used by producers and distributors in the further planning of their cold chain
logistics, in order to maintain a good economic value of their products.
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