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Abstract

Cherry tomatoes are vulnerable to loss their marketability under high storage temperature
causing rapid fresh weight losses and other quality changes. Surface coating using shellac,
wax and alike is one of the postharvest management practically implemented to mitigate
such undesirables. The present research was undertaken to study the effects of the coating
material made from Taengwood Balu (Shorea obtusa) resin (TB resin) on respiration rates
and effective skin permeance to water vapor of the cherry tomatoes stored at 10-35°C.
Experiment findings show that the TB resin could be transformed into the coating material
providing reasonable surface adherences as well as glossiness. Both respiration rates and
the skin permeances of either TB resin coated or non-coated (control) tomatoes
exponentially increased in relation to increasing temperatures. The relationship was well
described by the Arrhenius model, of which values of root mean square of errors were in a
range of 0.012-0.030. The TB resin coated tomatoes had approximately 2-fold lower
values of both respiration rates and effective skin permeance, compared to those of the
controls. In all, the experimental results highlight possibilities to utilize TB resin as an
alternative surface coating material, together with low storage temperature for delaying
losses of water vapor, a main contributor of fresh weight loss, and those of storage
qualities related to respiration processes.

1. Introduction

Cherry tomatoes (Solanum lycopersicum var.
cerasiforme) reportedly have high nutritional and
economic benefit values. Fresh weight loss is considered
a key undesirable effect subsequently causing decreased
marketability, especially attributed to wrinkled and
shriveled appearances (Phungam et al., 2018; Lufu et al.,
2020). Water vapor loss principally is a prime factor
accounting for fresh weight loss. The deficit between
water vapor pressure of internal fruit tissues and that of
the surrounding environment is the main driving force
causing water vapor diffusion out from the fruit to the

*Corresponding author.
Email: weerawate.u@ubu.ac.th

environment. The water vapor loss process can be
stimulated by the high storage temperature (Kabir ef al.,
2020). In addition, respiration rates and quality changes
of tomatoes, as well as other horticultural commodities,
becomes hastened under the high temperature (Loayza et
al., 2020) which is a typical ambient condition (30-35°C)
found among fruit and vegetable supply chains practiced
in Thailand and other Association of South East Asian
(ASEAN) countries (Chaomuang et al., 2022). The
respiration process could become a main contributor to
the water vapor loss under which the horticultural
commodities are kept in relatively high humidity level
ie., 90% (Khalid et al., 2022). In practice, surface
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coating, as well as a so-called cool chain, have been
implemented to delay changes in quality attributes in
relation to the water vapor loss, and respiration processes
(Ali et al., 2022). The surface coating materials
including shellac, bee wax and carnauba wax among
others functionally modify the product’s surface to
provide additional barrier layers limiting rates of the
mass transport processes of water vapor and gases
between fruits and the environment (Phungam et al.,
2018). Furthermore, the coating materials could replace
and/or fill cracks of natural waxes on the fruit surface
(Riva et al., 2020). The modifications of gas exchange
properties by surface coatings as noted technically delay
weight losses and other postharvest quality changes of
various fruits and vegetables, including examples
recently reported on cucumbers (Gutiérrez-Pacheco et
al., 2020), papaya (Maringgal et al., 2020) and
strawberry (Mohammadi et a/., 2021). Examples of
surface coating materials applied for cherry tomatoes
reported are candelilla wax (Ruiz-Martinez et al., 2020),
shea butter and bee wax (Osae et al., 2022).

The Taengwood balau resin (or TB resin for later
references) excreted from Shorea obtusa tree which is
native to Thailand, Malaysia and other ASEAN countries
(Awaludin et al., 2007) has its general properties similar
to those of the shellac coating material including
reasonable strength, durability, good surface adhesion,
and glossy surface appearance (Yan et al, 2021).
Because of its water-proof and adhesive properties, the
TB resin has been utilized as material for sealing and/or
caulking wooden packages or boats. The resin medically
has antibiotic properties applied for wounds and
dysentery treatments (Appanah and Turnbull, 1998).
Given such physico- and medical properties, TB resin
could be applied as an alternative and novel coating
material of which the resin is locally available and
potentially provides benefits in shelf-life extensions. At
present there is no report on the coating material made
from the TB resin and its utilizations for either cherry
tomatoes or other fresh produce.

In this study, the surface coating material made from
the TB resin was of interest. The present research
purposely was undertaken to investigate the effects of the
TB resin coating material on certain gas exchange
properties such as the effective skin permeance to water
vapor and respiration rates of the cherry tomatoes kept at
simulated supply chain temperatures. Specific to the
permeance, it is an indicator of eases for water vapor to
permeate through a medium such as a plant tissue and a
membrane. The higher value indicates that the water
vapor in the plant could easily permeate out to the
surroundings causing a high likelihood of losses of water
vapor and, in turn, weight loss. It is important to note
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that the present study is to provide essential information
on the possibilities of applying the TB resin as the
surface coating material. This later was taken into
account in the uses and manufactures of the resin in the
forms of coating material or others including composites
in multi-layer plastic films.

2. Materials and methods
2.1 Materials

Taengwood hard-resin powder ‘Red Anchor’ brand
(Thailand) was utilized. Fresh cherry tomatoes (Solanum
Lycopersicum var. cerasiforme) (ripe stage) were
harvested from organic gardens in Warin chamrap, Ubon
Ratchathani, Thailand. The fruits were transported to the
Postharvest Technology Laboratory, Faculty of
Agriculture, Ubon Ratchathani University, Thailand,
within 30 mins by packing in a thermal insulated foam
box, under an ambient condition (30-32°C). Defected
tomatoes such as having cut, bruised or pitted surfaces
were sorted out. The tomatoes later were disinfected by
immersing them in 150 mg L' sodium hypochlorite
solution for 30 s, and thereafter were left to dry on clean
paper towels. The fruits were separated into three groups
in accordance with experimental temperatures including
10, 25 and 35°C. They were acclimatized at individual
temperatures for 18 hrs prior to being used for
subsequent tests. The acclimatization technically was to
prevent thermal shocks for the produce because of rapid
changes in storage temperatures. The shocks could cause
stress and other related symptoms for example
superficial scald as cases reported for apples (Marc et al.,
2020). Although rates of biochemical activities during
the acclimatization of the fruit kept under high
temperatures are expected to be higher than those kept at
lower ones, measurements made on physico-chemical
properties of the fruits readily acclimatized to the storage
temperatures could minimize uncertainties caused by the
thermal-shock issues.

2.2 TB resin coating material preparation and surface
applications

To prepare the TB surface coating material, the
methods reported by Khorram and Ramezanian (2021)
with modifications were utilized. In the present work,
ethanol was employed as the solvent because the resin of
Shorea robusta tree which is in the same genus as
Shorea obtusa (a source of TB resin) has reasonable
alcohol solubility (56.02% w/w) (Merish et al., 2014). At
present, information on ethanol dissolution as well as the
melting point of the TB resin has not been reported. The
knowledge of Shorea robusta resin was applied to this
work accordingly. To dissolve the TB powder, it was
mixed with 95% v/v ethanol solvent with a 1 to 2 ratio
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(w/v). The glass beaker containing the TB solution later
was placed in the water bath and controlled its
temperature at 65-70°C for 3 hrs. Although the melting
point of the Shorea robusta resin reported is in a range of
85-115°C (Merish et al, 2014), the water bath
temperature was set to be slightly lower than the melting
point for minimizing rapid evaporation of ethanol vapor
from the TB solution. During the water bath procedure,
the TB solution contained in the beaker was manually
stirred for 5 mins using a glass rod, for every 30 min-
cycle. The solution subsequently was filtered using No. 4
Whatman filter paper to separate out undissolved which
was a relatively small extent of impurities visually
observed as black stains. The solution filtered was kept
in amber reagent bottles at room temperature (30°C).

Prior to being coated, tomatoes designated for the
coating treatment were taken out from their storage
temperature cabinets and placed on the stainless steel
tables kept under room temperature condition. The table
tops were cleaned with ethyl alcohol 70% (v/v). To coat,
individual fruits were coated via being dipped into the
TB solution, allowing the resin to cover the fruit surface
thoroughly. The fruits were taken out from the solution
using the forceps and were left to dry on the wire mesh
placed on the stainless steel tables, for 1 h. Once dried,
the coated tomatoes were weighed immediately and
returned to their test temperatures for subsequent
measurements. It should be noted that the 1-hr time
period in which all coated fruits were left in the room
temperature condition was considered relatively shorter
than the period during which they were acclimatized in
the experimental temperatures. As preliminary
experimental results, leaving coated tomatoes at room
temperature for such a period did not cause significant
changes particularly weight loss and visual wilting. It
was therefore reasonable to assume that the coating
procedure did not have significant effects on the storage
qualities of the tomatoes. The average weight of the TB
layer attached to each fruit was 0.362+0.013 g. This was
calculated from the weight of individual tomatoes
weighed before and after coated. This study however did
not measure the thickness of the TB layer coated on the
fruit. Unlike smooth surface packaging materials, the
thickness of the coating layer on the horticultural product
surface is likely to be highly varied because of natural
surface structures such as rough or small holes. Effective
permeance to water vapor measured has not taken the
thickness into calculation accordingly as shown in its
unit as mol s m? Pa™! (Maguire et al., 2001).

2.3 Measurements on respiration rates and effective skin
permeance to water vapor

To measure the respiration rates of cherry tomatoes
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(symbolically denoted as 73" ), protocols for measuring

CO, concentration evolved in a closed system as
reported by Phungam et al. (2018) with some
modifications implemented. At individual temperatures,
respiration rates of 4 sets of ten tomatoes having
reasonably comparable size, and shape were measured.
Each set was placed in the solid screw-cap plastic box
(=3 L volume), together with a CO, meter (HTI, HT-
2000, Protronics Intertrade Co., Ltd., Thailand). An
approximate headspace volume (excluding the CO,
meter and the fruits) of which the CO, was released into-
and accumulated was 2.43+0.002 L. Changes in CO,
concentrations evolved i.e. at least 10-fold higher than an
initial concentration level inside the box tightly closed
during a certain time period (Table 1) were recorded.
These were utilized with other parameters including fruit
volume and mass (Table 1) as well as temperature to
calculate the respiration rates (mol s'kg™) with the basis
of an ideal gas law. Measurements of r;* values were
conducted for both TB-coated and non-coated (controls)
tomatoes at any given temperature. The effective skin
permeance to water vapor (symbolically denoted as P/-°
also was measured for both tomato groups following
Phungam et al. (2018) with some modifications.
Equation 1 which is based on the Fick’s first law of
steady-state diffusion shows calculations of the p/:°
values (Maguire et al., 2001).
r 10

pH:0 _

chr

(1

o

H,0 HZO)
(pchr,int penv Achr

where P, effective skin permeance to water vapor
(mol s m? Pa’ly; steady-state rate of water vapor
loss (mol s™); A, cherry tomato surface area (m?) which
was calculated based on the geometric shape of the
tomato; pliow and pl.. partial pressures of water vapor
inside of the fruit, and in the surrounding environment
(Pa), respectively. Values of these partial pressures were
estimated using the Antoine equation relating to tomato’s
water activity value (a,, = 0.99), and dry-wet bulb (Table
1) environmental temperatures (Maguire, 1998;
Phungam et al., 2018). Values of r;*° were estimated
from differences between steady-state rates of weight
loss (7.) and those of carbon loss (75"). The 7 values
were obtained from experiments i.e. individual tomato
was weighed using a 3-digit digital balance until the
weight reductions became steady. Slopes of steady
weight decreased (mol s') were estimated using linear
regressions (Microsoft ver 2016). For the ;™ values
(mol s™), Equation 2 was employed for calculations.

Closs __ _,CO,
Verr = Venr M chr

2

where 75, cherry tomato carbon loss rate (mol s™);
r$% cherry tomato respiration rate (mol s™'kg™'); M.,
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Table 1. Some information on respiration rate measurements and wet bulb temperatures

Temperature (°C) Information on respiration rate megsurements ' Wet bulb temperature
Measuring time period (min) Fruit mass (kg)” Fruit volume (mL)* (°C)
10 60 0.079+0.009 78.60+9.02 8.00
25 30 0.083+0.006 82.43+6.35 24.50
35 30 0.082+0.004 81.64+4.24 34.67

*Values are presented as average+standard deviation (n = 40)
cherry tomato mass (kg).

2.4 Experimental design and statistical analysis

The research undertaken was experimentally planned
in accordance with a completely randomized design
(CRD). To analyze relationships between storage
temperatures and (1) 75 and (2) P, the Arrhenius
equation (Equation 3) was utilized. Nonlinear regression
was undertaken for fitting data estimated from Equation
3 to the experiment data. The Arrhenius coefficients
subsequently were estimated by minimizing sum squared
residuals. Furthermore, good-of-fit between both data
sets was justified via root mean square of error as
reported by Yantarasri et al. (1995).

R\T, T

. €0, pro .
where k either ‘e or ‘e  values at given

temperatures (7), k. values estimated at reference
temperature (7, i.e., 15°C, R an ideal gas constant
(8.314 J mol™' K') and Ea energy of activation (J mol™).

)

3. Results and discussion

In the present work, the TB resin could be
transformed into the surface coating material for fruit
and vegetable. The coating material had reasonable
surface adherence to the tomato skin, in turn giving
attractive yellowish glossiness visually observed from
the resin thinly coated on the fruit surfaces. There was a
slight rosin-like and acceptable aroma perceived by the
researchers. At the time of the experiments, the resin
coat was not brittle or had no crack appearances. These
may be due to the relatively short-term storage

methodologically required for determining the
respiration rates and skin permeance properties.
Respiration rates of cherry tomatoes in both

experimental treatments show increased values in
responses to increasing storage temperatures from 10 to
35°C (Figure 1). Such characteristics apparently were
well predicted with the Arrhenius equation of which all
RMSE values were lower than 2, indicating the
Arrhenius equation sufficiently can be used to describe
respiration rates in accordance to Yang and Chinnan
(1988) (Figure 1 and Table 2). Similar influences of
storage temperatures on respiration rates are reported for
cherry tomatoes (Sousa et al., 2017) and other
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horticultural products for example Braeburn apples,
dragon fruit and sweet cherries (Weber et al., 2020; Ho
et al., 2020; Zhang et al., 2021). It should be noted that
the respiration rate values of non-coated cherry tomatoes
obtained in the present work were considered
comparable to those reported in the literature for the
cherry tomatoes kept in the range of 10-20°C, for
example, 0.08 mmol s'kg'at 10°C (Tilahun et al.,
2021), and 0.29 mmol s'kg'at 20°C (Mustapha and
Zhou, 2021). The respiration rates of the tomatoes coated
with TB resin approximately were 2-fold lower than
those of the non-coated fruits (Figure 1). The TB resin
was formed as a film on the fruit surface giving an
additional barrier to natural wax or cuticle layers. Rates
of O, transport from the surrounding to the internal fruit
become lower because of longer transport paths (Salehi,
2020), subsequently decreasing the respiration rates
(Figure 1). In Table 2, it could be noticed that Ea value
of TB-coated tomatoes slightly was lower than that of
the non-coated. Because the FEa value essentially
indicates sensitivity to temperature changes (Chen et al.,
2000), it could be implied that the non-coated fruits
would be more sensitive than the TB-coated ones. Given
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Figure 1. Changes in respiration rate (”ci? ") and effective skin

permeance to water vapor (P.2°) of cherry tomatoes of which
surfaces were either coated with TB resin (coated) or non-
coated, kept at 10, 25 and 35°C. Prediction shown in a line
form represents data predicted by the Arrhenius equation

(Equation 3).
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Table 2. Nonlinear regression analysis for parameters in Arrhenius equation (Equation 3) for respiration rate and effective skin

permeance to water vapor.

Paramoters Krer Ea (Jmol K™ RMSE
Non-coated TB-coated Non-coated TB-coated Non-coated n  TB-coated n
Respiration rate 0.148 0.097 35.158 34.584 0030 12 0025 12
(mmol s kg™)
Effective skin permeance to
water vapor 0.036 0.018 41.324 38.039 0.012 46 0.013 22

(nmol s'm™Pa™)

TB: Taengwood Balau, RMSE: root mean square of errors, ks values of either respiration rate or effective skin permeance to
water vapor estimated at 15°C as the reference temperature, Ea: energy of activation as referred to Equation 3.

the elevating temperature, the respiration rates of the non
-coated tomatoes would be increased faster than those of
the TB-coated fruits.

The temperature dependences of the effective skin
permeances to water vapor of tomatoes in all treatments
were well described by the Arrhenius equation (Figure 1
and Table 1). The permeance values exponentially
increased with the elevated temperature from 10 to 35°C.
The information importantly supports the knowledge on
water vapor loss rates become higher under the high
storage temperature (Lufu et al., 2020). In the study on
fresh okra, Phungam et al. (2018) reported similar
relationships between the storage temperature and the
permeances. By coating the surface with the TB resin,
the effective skin permeances of the coated tomatoes
became reasonably lower than those of the non-coated
ones. Effects of surface coating on reducing the skin
permeances also were reported in mango (Acabal et al.,
2020), pears (Rosenbloom et al., 2020) and sweet cherry
(Zhang et al., 2021). Similar to gas exchanges in the
respiration processes discussed above, the additional film
caused by the TB resin forms a longer path for water
vapor to transport from the internal to outer fruits i.e.
reducing the skin permeance to water vapor. These result
in lower water vapor loss rates, and subsequently lower
fresh weight losses. For Ea values reported in Table 2,
the temperature sensitivity of the effective skin
permeances of the non-coated tomatoes was higher than
that of the TB-coated fruits. It was reasonable to expect
that the rates of water loss from the TB-coated fruit were
slower compared to those from the non-coated, under
increasing storage temperatures.

4. Conclusion

The experimental findings show possibilities in
using the TB resin as an alternative surface coating
material, which can significantly lower the effective skin
permeance to water vapor as well as respiration rates for
the cherry tomatoes. This study also provides
information to support the necessity to incorporate the
cool storage temperature for postharvest and supply
chain management of the fresh cherry tomatoes i.e. as to
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additionally lower the permeance and the respiration
rates. Further studies of the TB resin surface coating
material could be in terms of its antimicrobial activities,
other storage quality effects including organoleptic
qualities as well as structural changes such as brittles or
cracks of the coating layer. Knowledge obtained from
both the present and future works could facilitate
developing the surface coating material to suit the
postharvest requirements of cherry tomatoes and other
horticultural products.
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