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Abstract 
Tomato (Solanum lycopersicum L.) is an important food commodity from nutritional and commercial point of view, however, freshly harvested 
tomato has shorter shelf life in the market. Tomato coated with gum Arabic (5-20% solution) was evaluated during 16 day storage at 24±1°C. 
Firmness of uncoated fruits was significantly (p ≤ 0.05) lower and weight loss higher. Uncoated fruits had higher total solids, lower acidity and uneven 
pH. L and b values decreased while a value increased. Hue angle of fruits decreased and total color change increased, significantly. Chroma and 
browning index increased slightly while the color index increased significantly. The kinetic models of color change were dependent on gum concentration. 
Coated fruits had good sensory acceptability till 8-12 days. Tomato strategies to preserve its physico-chemical and sensorial characteristics have 
significance for grower, processor and seller. We observed that gum Arabic coating effectively preserved different quality attributes of tomato fruits 
at even elevated storage temperature for longer time. 
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Introduction 
The research for development of technologies to ensure the 
delivery of high-quality fruits and vegetables is essential and 
significant for grower, processor, retailer and consumer 1. Tomato 
(Solanum lycopersicum L.) is among the most consumed fruits in 
the world and as such could be considered as an important source 
of dietary antioxidants 2. Tomato, being a climacteric fruit, has a 
relatively short postharvest life since many physico-chemical 
changes causing quality loss take place at this stage, storage life 
being limited by several factors including transpiration, 
postharvest diseases, increased ripening and senescence 3. The 
main factor associated with tomato postharvest shelf-life, 
particularly in tropical regions where the temperature is high, is 
increased respiration which results in faster fruit ripening and 
deterioration of fruit quality 4. The application of edible coatings 
can improve the physical strength of food products, reduce particle 
clustering, and improve visual and tactile features on product 
surfaces 5. The coating can also protect food products from 
moisture migration, microbial growth, light-induced chemical 
changes, and oxidation of nutrients and acts as a carrier of active 
substances such as antioxidants, antimicrobials, colors and 
flavors6. Gum Arabic or gum acacia is dried gummy exudates from 
the stems or branches of Acacia species. It is the least viscous 
and most soluble among hydrocolloids and is used extensively in 
the industrial sector due to its emulsification, film forming and 
encapsulation properties 7. A study by Zapata et al. 3 showed that 
alginate or zein as edible coatings for tomato fruit showed 
beneficial effects for retarding the ripening process and changes 

triggered by the plant hormones, such as color change and loss 
of firmness. The objective of this study was to investigate the 
effects of application of gum Arabic edible surface coating on 
fruit firmness, weight loss, pH, acidity, total soluble solids, color 
kinetics and sensory characteristics of mature-red tomato fruits 
during storage for 16 days at 24 ± 1°C. 

Materials and Methods 
Plant materials and treatments: Fresh and and ripe tomato 
(Solanum lycopersicum L. var. Grandella) with a color index of 
29.616 to 28.768 was obtained from a demonstration farm in Riyadh, 
Saudi Arabia, and experiments were carried out on the same day. 
Food grade gum Arabic powder was obtained from local market. 
Selected fruits had good shape and homogenous size, color and 
maturity. Fruits were washed with a solution of sodium 
hypochlorite (0.05%) for 3 min and air-dried at room temperature. 
In order to prepare coating solutions of 5, 10, 15 and 20% (w/v); 5, 
10, 15 and 20 g of gum Arabic powder was dissolved in 100 ml 
distilled water. The solutions were stirred at 40°C for 60 min on a 
hot plate magnetic stirrer. After cooling to 20°C, glycerol 
monostearate (1%) was added as a plasticizer to improve the 
strength and flexibility of the coating solutions. Fruits were dipped 
in each type of coating solution or distilled water (control) for 3 
min. The coatings were applied uniformly on the whole fruit surface 
and dried at room temperature. A dry layer with plastic texture 
when touched with hand and the general appearance were used 
as criteria to determine the end of drying. The thickness of coats 
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was measured with a micrometer (Mitutoyo, Kanagawa, Japan) to 
be around 0.01 mm at four locations; average values were (5%: 
0.011 ± 0.001 mm; 10%: 0.013 ± 0.001 mm; 15%: 0.016 ± 0.002 mm; 
20% 0.021 ± 0.001 mm).  Fruits were then packed in perforated 
plastic bags and stored at 24±1°C and 35-40% RH for 16 days. The 
data were recorded at 0 day followed by 4 days intervals. All 
chemicals used in this study were of analytical grade and 
purchased from Sigma-Aldrich Chemie GmbH, Switzerland. 

Fruit firmness measurement: Five tomato fruits from each 
treatment were analyzed for firmness using Texture Analyzer 
(Model: TA HDi, Stable Micro Systems, HD3128, Surrey, UK) 
equipped with a 7.9 mm cylindrical probe having flat surface 
interfaced with a computer. The acquisition rate was 200 PPS and 
height was 100 mm. The distance and temperature were 5 mm and 
24±1°C, respectively. Force (N) readings were recorded at 2% 
constant deformation on the circumference of each fruit from 
coated and uncoated lots. 

Determination of weight loss percentage: Samples from coated 
and uncoated tomato fruits were weighed at 0 day and each storage 
interval at room temperature and the same sample of fruits from 
each treatment were used for weighing at each observation day. 
The difference between initial and final fruit weight was considered 
as total weight loss during that storage interval and calculated as 
percentages on a fresh weight basis. 

Determination of soluble solids, titratable acidity and pH: Fruits 
from each treatment were ground in a blender and juice was used 
to determine total soluble solids (TSS) using a digital refractometer 
(Model: Abbe Mark II, Cambridge Instrument, INC. Buffalo, NY, 
USA). The machine was standardized using purified water before 
readings were taken. Titratable acidity (TA) was determined as a 
percentage using previously described method 8. The pH was 
measured using a pH meter (Model: pH meter 240, Corning 
Scientific Products, NY, USA). 

Color measurements: During storage, tomato fruits were taken at 
specified time intervals for color measurements (L, a and b values) 
which were measured with a HunterLab colorimeter (Hunter 
Associates Laboratory, Inc., VA, USA). The instrument (45°/0° 
geometry, D 65 optical sensor, 10° observer) was calibrated using 
white and black reference tiles through the tri-stimulus values X, 
Y and Z, taking as standards the values of white background tile. 
Tomato fruits were scanned for color at three different locations 
to determine the average L, a and b values during colorimetric 
measurements. In addition, the total color change (∆E) (Eq. 1), 
chroma (Eq. 2), hue angle (Eq. 3), browning index (Eq. 4) and color 
index (Eq. 5) were calculated from the Hunter L, a and b scale and 
used to describe the color change during storage. 

∆E = [(L
0
 - L)2 + (a

0
 - a)2 + (b

0
 - b)2]0.5                                              (1) 

Chroma = (a2 + b2)2                                                                            (2) 

Hue angle = tan-1(b/a)2                                                                         (3) 
where x = A + 1.75L/ 5.645L +  a - 3.012b 

where L
0
, a

0
, b

0
 are the initial color measurements of raw fruits and 

L
t
 a, b are the color measurements at pre-specified time. 

Kinetics models for color change: In order to determine the color 
change of tomato as a function of storage time, zero-order or first- 
order kinetic models 9 were determined according to Eq. 6 and Eq. 
7, respectively, as under: 

C
t
 = C

0
 + K

0
.t                                                                                       (6) 

C
t
 = C

0 exp 
(±K

1
.t)                                                                                     (7) 

where C
0
 is the initial value of color and C

t
 is the color value at a 

pre-specified time, t. The order of reaction for the color parameters 
during tomato fruit storage was determined by the adjustment of 
experimental data to the integrated Eqs 6 and 7 using linear 
regression analysis. In each case, the best fit was selected and 
the kinetic rate constant at each process was determined. 

Sensory evaluation: The sensory evaluation was carried out using 
5-hedonic scale, by a semi-trained panel. Ten panelists were 
selected from the department staff that passed olfactory and taste 
sensitivities as well as verbal abilities and creativity. The panelists 
were asked to complete a questionnaire after testing color, taste, 
tenderness, appearance and overall acceptability of coded samples 
of tomato fruits weather untreated or surface coated with gum 
Arabic at selected intervals of storage. They were scored on a 
scale of 1–5 (1 = poor, 2 = fair, 3 = good, 4 = very good and 5 = 
excellent). 

Statistical analysis: Measurements were carried out in triplicates 
and data was expressed as mean ± standard deviation (SD). Data 
was evaluated using analysis of variance (ANOVA) and 
comparisons of means for treatments were done by using Duncan’s 
multiple range tests. Significance was defined at P < 0.05. Statistical 
analysis was done using Microsoft Excel (MS Office professional 
Edition 2007, Microsoft Corporation, Redmond, USA) and Sigma 
Plot 10 (Systat Software Inc. San Jose, CA, USA) software. 

Results and Discussion 
Effects of gum coating on fruit firmness and weight loss: The 
firmness of the fruits was significantly (P < 0.05) reduced with 
storage time for both surface-coated and control fruits (Fig. 1A). 
At the end of the storage period, control fruits had lower firmness 
values than that of the coated ones. The maximum firmness was 
maintained by the 20% gum Arabic surface coating up to day 12 
and thereafter no significant differences were observed among 
coated tomatoes. Fruit softening results from cell structure 
deterioration and changes in composition of cellular material and 
cell wall 10. This is a biochemical process involving pectin and 
starch hydrolysis due to enzymes including wall hydrolases. De- 
polymerization (shortening of chain length of pectin substances) 
occurs with an increase in pectinesterase and polygalacturonase 
activities during fruit ripening 11. Low levels of O

2
 and high levels 

of CO
2
 may reduce the action of these enzymes allowing the 

retention of the firmness during storage 12. Respiration rates of Browning index = 
100 (x - 0.31) 

0.17 
(4) 

Color index = (5) × 100 
21.6a - 7.5b 

La 
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coated tomatoes may also be reduced which might be a cause of 
delaying ripening and this helps in maintaining the storage stability 
of fruit firmness. Fruit which were coated with 15 and 20% gum 
Arabic in our study had significantly (P < 0.05) lower loss of 
weight during storage than the control (Fig. 1B) and the weight 
loss was gradually raised with increased storage duration. The 
basic mechanism of weight loss from fresh fruit and vegetables is 
due to vapour pressures at different locations and besides that 
respiration also results in loss of weight of fruits 13. The prevention 
of weight loss was due to the role of gum coating to act as a semi- 
permeable barrier against O

2
, CO

2
, moisture and solute movement, 

which in turn reduced respiration, water loss and rates of oxidation 
reaction 14. It can be explained that a thicker coating, such as one 
made by 20% gum, act as a good barrier to factors causing loss of 
fruit weight. However, in another study by Park et al. 15 it was 
observed that tomato fruit coated with a too thick corn-zein film 
resulted in too low O

2
 and excessive CO

2 
concentrations, which 

caused ethanol production. They observed an increased loss of 
weight and primary reason for that was the generation of heat and 
production of end products from anaerobic fermentation in thickly 
coated tomato fruits. However, in the present study coating of 
tomato with 20% gum Arabic solution did not increase the rate of 
fruit weight loss during storage at 24±1°C, the reason of this being 
the fact that we used tomato at the red stage of ripening as 
confirmed by the color index. 

Effect of gum coating on total soluble solids, titratable acidity 
and pH: In general, there was a gradual increase in total soluble 
solids (TSS) during the complete storage period (Fig. 2A). The 
TSS was significantly (P < 0.05) higher in control samples 
compared to coated fruit and the marginal increments in TSS of 
coated fruits were constant except for those coated with 5% gum 
Arabic. The lowest TSS at the end of the storage period was 
recorded in fruit coated with 20% gum Arabic, and showed that 
the coatings provided an excellent semi-permeable film around 
the fruit, modifying the internal atmosphere by reducing O

2
 and/ 

or elevating CO
2
 and suppressing ethylene production. The results 

obtained agree with other reports 3, 16 which concluded that the 
TSS was significantly higher (P < 0.05) in control compared to 
coated fruit and the reduction in TSS in coated fruit was directly 
proportional to the concentration of the coating. Decreased 
respiration rates also slow down the synthesis and use of 
metabolites resulting in lower TSS 11. It has been reported that 
fresh samples (before storage) of tomato tended to show a greater 
%TSS than stored tomatoes, regardless of the treatment imposed. 
Further they reported that TSS reduction with storage is generally 
related to sugar-acid metabolism. A higher level of CO

2
 in modified 

atmosphere packaging was reported to restrict the reduction in 
TSS of cherry tomatoes with storage 17. The titratable acidity (TA) 
values of surface coated and uncoated fruit during storage 
decreased with storage time (Fig. 2B) and the decline rate was 
significantly (P < 0.05) higher for the control fruits compared to 
surface coated ones. The low level of TA in the control fruits 
compared to coated fruits suggests that gum coating delayed 
ripening by providing a semi-permeable film around the fruit. It 
was observed that the titratable acidity (TA) values of coated and 
uncoated tomato fruits during storage decreased with storage 
time and the value was significantly higher (P < 0.05) in gum 
Arabic treated fruits compared to the control. The increase in TA 
was directly proportional to the gum Arabic concentration. Since 
organic acids, such as malic or citric acid, are primary substrates 
for respiration, a reduction in acidity is expected in highly respiring 
fruit 8. It is also considered that coatings reduce the rate of 
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Figure 1. Effect of surface coating with gum Arabic of 
different concentrations on firmness (A) and weight loss 
(B) of tomato fruits during storage (16 days at 24 ± °C). 
Control (�), 5% (�), 10% (∆), 15% (�), 20% (•). 
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respiration and may therefore delay the utilization of organic acids 
11. The pH (Fig. 2C) of coated and uncoated fruits was fluctuated 
during the storage period. However, at the end of the storage 
period the final values of pH for all samples were slightly lower 
than that of the initial period. The results obtained for the pH were 
consistent with those reported by Mejia-Torres et al. 18. 

Effects of gum coating on color of tomato during storage: The 
initial color showed positive a values, indicating redness of the 
fruits, for the control and coated fruits throughout the storage 
period at 24 ± 1°C (Fig. 3A). The final a values of the all the 
samples were significantly (P < 0.05) higher than the initial ones. 
Surface coating of the fruits with gum significantly retained the 
redness values with increase in gum percent and also with the 
storage time at 24 ± 1°C. A decrease in the b values (Fig. 3B) of 
surface coated as well as the control fruits was observed during 
storage at 24 ± 1°C. The loss of b values indicates that the 
yellowness of samples which was significantly lower in coated 
fruits in comparison to control. The less change in b values was 
probably due to retained fruit pigments as it was reported that 
reduction in b value may be due to decomposition of chlorophyll 
and carotenoid pigments (Weemaes et al. 19), non-enzymatic 
Maillard browning and formation of brown pigments 20. L values 
of uncoated fruits was decreased with the storage time and reached 
maximum value at day 16 at 24 ± 1°C (Fig. 3C). It has been stated 
that the change in the brightness of fruits can be taken as an 
indicator of browning of fruits 21, 22. Surface coating of the fruits 
with gum Arabic reduced the rate of loss in brightness of the 
fruits by reducing the rate of reduction in L values and it was 
observed that as the concentration of gum increased, the rate of 
reduction in L value decreased. The results indicated that gum 
retained the brightness of the fruits by giving a shiny appearance. 

The hue angle significantly (P < 0.05) decreased with the storage 

time for the control and surfaced coated samples indicating that 
tomato fruits gained deep red color with increase in storage time 
at 24 ± 1°C (Fig. 4A). The rate of reduction in hue angle of fruits 
coated with 15 and 20% gum was low compared to that of the 
control samples. The results indicated that surface coating of the 
fruits retains the characteristics color of tomato. Chroma of both 
control and surface coated samples was significantly decreased 
during the first four days of storage at 24 ± 1°C (Fig. 4B) and 
thereafter started to increase. The rate of increment was 
significantly higher in surface coated fruits compared to the control 
ones. During storage, the final chroma increased with increase in 
gum concentration, thus indicating retention of redness in tomato 
fruits. Overall, the total color change (∆E) in the control fruits was 
significantly higher than that of surface coated fruits (Fig. 4C). 
Variations in ∆E were observed even among gum concentrations, 
with 20% resulting in a significantly low rate of increase in ∆E. 
The results obtained indicated that surface coating of tomato 
fruits with 20% gum retained the original redness to a more extent 
than control fruits even after 16 days of storage. 

The color index of the control and surface coated fruits was 
increased with the storage time. The rate of increment depended 
on gum concentration or the coat thickness (Fig. 5A) with 20% 
gum resulted in a lower rate of increment in color index. The 
significant increment in the color index may be an indication of 
the development of deep red color in tomato. The results showed 
that surface coating of tomato fruits reduced the rate of increment 
in color index and maintained the original color of the fruits. The 
browning index of the control and surface coated fruits was 
increased with the storage period. The rate of increment depends 
on gum concentration or the coat thickness (Fig. 5B). It has been 
observed that 15 and 20% surface coating resulted in a lower rate 
of reduction in increment in browning index. The significant (P < 
0.05) increment in the browning index may be due to well-known 
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Maillard reaction (enzymatic and non-enzymatic browning) which 
results in the formation of colored melanoidins. The results showed 
that surface coating of tomato fruits reduced the rate of increment 
in browning index and therefore retarding Maillard reaction. It is 
possible that gum provided a thick barrier against gas exchange 
between inner and outer environments, and therefore delayed the 
physiological changes of the fruit during storage. Color is an 
important criterion of quality and consumer acceptability, 
especially with respect to fresh vegetables 23. Therefore, from 
these results, it can be understood that some modifications would 
have occurred in the optical properties of uncoated tomato fruits 
(changes due to oxidation processes or other chemical reactions) 
during storage. 

Mathematical modeling of color change kinetics: For the 
mathematical modeling of color change of tomato fruits, zero-order 
and first-order kinetic models were used. The estimated kinetic 
parameters of these models and corresponding values of correlation 
coefficients (R2) of a, b and L during storage are shown in Table 1. 
The kinetic of color parameters of tomato coated with gum and 
stored for 16 days at 24 ± 1°C was greatly affected by the thickness 
of the coat i.e. the percent of gum applied. For a values, the 
correlation coefficients (R2) during storage period at 24±1°C of 
the zero-order model ranged from 0.807 to 0.964 and that of the 
first-order model ranged from 0.700 to 0.948 depending on the 
concentration of gum. Changes in a values of surface coated as 
well as the control samples during storage for 16 days could be 
adequately characterized by the zero-order model. The results 
imply that with an increase in storage time, the rate of color change 
of the fruits was increased with time. The results obtained were in 

agreement with that obtained for kiwifruits 20, okra 21 and spinach22. 
The correlation coefficients (R2) of b values of the zero-order model 
ranged from 0.591 to 0.960 and that of the first-order model ranged 
from 0.664 to 0.954 of surface coated tomato during storage at 24 
±1°C.  As shown in Table 1 the color change during storage of the 
control sample and that of surface coated with 5, 10 and 15% gum 
followed a zero-order model while that of surface coated with 20% 
followed a first-order model. The results obtained showed a 
variation in color change between coated and uncoated fruits and 
within coated ones which could be due to differences in thickness 
of the coat applied. The correlation coefficients (R2) of L values of 
the zero-order model ranged from 0.345 to 0.637 and that of the 
first-order model ranged from 0.273 to 0.884 of surface coated 
tomato during storage at 24±1°C.  The color change during storage 
of the control sample and that of surface coated with 5 and 10% 
gum followed first-order model while that of surface coated with 
15 and 20% followed a zero-order model. The results showed that 
the correlation coefficient of L values is very weak compared to a 
and b values. Table 1 also represents the statistical values of zero- 
and first-order models of hue angle, chroma, browning index and 
color index of surface coated tomato fruits stored at 24±1°C for 
different period of time. The results showed that the calculated 
values of hue angle of uncoated and surface coated with 5 and 
10% gum fruits stored at 24±1°C could be adequately described 
using a zero-order model while that coated with 15 and 20% gum 
followed a first-order model with high values for the corresponding 
of coefficients of correlation (R2). The data obtained for chroma of 
uncoated and surface coated fruits stored at 24±1°C followed a 
zero-order kinetic model. These results obtained disagree with 
reports 21, 22 for okra and spinach, where it has been stated that the 
first-order kinetic model was better suited for describing the 
kinetics of chroma and a zero-order kinetic model for hue angle. 
The results showed that the calculated values of browning index 
of uncoated and surface coated with 5, 10 and 20% gum fruits 
stored at 24±1°C could be adequately described using a zero- 
order model while that coated with 15% gum followed a first-order 
model with high values for the corresponding of coefficients of 
correlation (R2). The calculated values of color index of uncoated 
and surface coated with 5, 10 and 20% gum fruits stored at 24± 
1°C could be adequately described using a first-order model while 
that coated with 15% gum followed a zero-order model. The zero- 
order and first-order kinetic models were used to estimate the 
color change kinetics of tomato fruits at any time during storage 
at 24±1°C. The results showed that the thickness of the coat 
determined the type of model for color change during storage of 
tomato at 24±1°C. Color changes of such fruits are of interest as 
these changes have a direct impact on consumer acceptability. 

Effect of gum coating on sensory characteristics of tomato 
during storage: The sensory scores of quality attributes (color, 
taste, tenderness, appearance and overall acceptability) of 
uncoated fruits significantly (P < 0.05) decreased with the storage 
time (Table 2). However, surface coating of the fruits significantly 
retained the sensory attributes by obtaining more panelists’ score. 
The results showed that as the surface coating thickness increased 
the quality of tomato increased, due to the fact that surface coating 
reduced losses in water, firmness, color and other constituents of 
the fruit. It seems from the data that coated fruits had good 
acceptability till 8-12 days.  Similar results were obtained in our 
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previous study 8 where gum coating to tomato fruit resulted in a 
shelf life of around 16 days while stored at 10 °C 

Conclusions 
Our study showed that surface coating of tomato fruit with gum 
Arabic significantly (P < 0.05) delayed undesirable changes in 
weight, firmness, titratable acidity, soluble solids concentration 
and color during storage at 24±1°C as compared to uncoated fruit. 
The coated fruits retained better color quality throughout the 
storage and preserved more redness (lower a values) and lesser 
yellowness (higher b values) and they were brighter and shiny 
(higher L values) than control fruits. The kinetics of change in 
different color attributes (a, b and L values, hue angle, chroma, 
browning and color indexes) for coated and control fruits, followed 
both zero and first order models which also depended on the gum 
concentration or coat thickness. Considering panelists scores we 
can conclude that gum Arabic coating can preserve the quality 
for mature red tomatoes for 8-12 days at nearly room temperature. 
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