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�ere exists an increasing interest from consumers and scienti	c community in developing edible-natural-biodegradable coatings
to replace commercial wax-based coatings for maintaining postharvest quality of vegetables. In this work, the e
ectiveness of guar
gum coating on various quality characteristics of Roma tomato at 22 ± 2∘C over a 20 d storage period was investigated. Tomatoes
were covered with a 1.5% guar gum coating plasticized with glycerol at 30% and stored at 22 ± 2∘C and 40% RH for 20-d. Tomatoes
covered with edible coating signi	cantly enhanced 	rmness and reduced weight loss, delayed changes on soluble-solids-content,
retarded loss of total acidity, and decreased respiration rate compared with uncoated-control fruit. Sensory analysis by trained
panelists revealed that the use of the edible coating in
uenced the acceptability of tomatoes. �ere were signi	cant di
erences on
the scores given by panelists when comparing the coated and uncoated tomatoes. It was concluded that guar gum a
ected favorably
the physicochemical, microbial, and sensorial quality properties of Roma tomato and therefore could be bene	cial in delaying the
ripening process at 22 ± 2∘C.

1. Introduction

Tomatoes (Solanum lycopersicum L.) have become essential
ingredients in the cuisine of many countries. �is fruit has
limited marketability because of its high moisture content
and high degree of perishability which leads to extensive
postharvest losses. Storage life is limited by several factors,
for example, transpiration, postharvest diseases, increased

ripening, and senescence [1]. Of all these factors, the most
important is respiration rate, due to its association with
tomato postharvest shelf-life, fruit ripening, and deteriora-
tion of tomato quality [2].

One way to control tomato ripening is through the
manipulation of ambient temperature, gas, and humidity. At
low storage temperature, it is possible to maintain freshness
and extend shelf-life as the respiration rate and thermal
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decomposition are reduced [3, 4]. Controlled atmosphere and
hypobaric storage can extend shelf-life of tomatoes but these
processes are costly. An alternative to extend postharvest life
and keep production costs low is the use of edible coatings
[5].

Edible coatings generate a modi	ed atmosphere by creat-
ing a semipermeable barrier against O2, CO2, moisture, and
solute movement, thus reducing respiration, water loss, and
oxidation reaction rates [2]. Di
erent materials have been
used as edible coatings and are commonly based on proteins,
lipids, or polysaccharides [6]. �e great bene	t conferred
by edible coatings is that these are natural biodegradable
products [7, 8].

Guar gum is a galactomannan rich 
our, water soluble
polysaccharide obtained from the leguminous Indian cluster
bean Cyamopsis tetragonoloba (L.) Taub. �e backbone of
this hydrocolloid is a linear chain of D-mannopyranose units
connected to each other by �-1,4-bonds linked to galactose
residues by 1,6- bonds forming short side-branches [9–11].
Guar gum is one of the most important thickeners and is
a versatile material for many food applications due to its
di
erent physicochemical properties as well as its high avail-
ability, low cost, and biodegradability. �is galactomannan
has similar properties as carrageenan, alginate, xanthan gum,
and gum arabic as an edible coating but guar gum has the
advantage of being cheaper than all the others. Moreover, the
availability of guar gum is not a problem since it is produced
in the north ofMexico by aMexican company, Guar Growers
Mexico.

�e aim of the present study was to evaluate the potential
of the guar gum edible coating on the extension of shelf-
life and maintaining the quality of Roma tomato fruit during
a 20-day storage period at 22 ± 2∘C. �is temperature was
selected because there are several studies about postharvest
with tomato using room temperature between 20 and 25∘C
[2, 8, 12, 13].

2. Materials and Methods

2.1. Plant Material. Freshly harvested tomato (Solanum
lycopersicum L. vc Pyriform) fruit at light red stage of
ripening according to the USDA standard tomato color
classi	cation chart [14] were obtained from a commercial
supplier in Saltillo, Mexico.�e fruits with an average weight
of 14.55 g were visually sorted for uniformity in size, color,
absence of blemishes, and fungal infection. Tomatoes were
transported to the laboratory within 1 h of purchase. Before
treatment, fruits were washed with sodium hypochlorite

solution (200mg kg−1) for 2minutes and air-dried at ambient
temperature (22 ± 2∘C).

2.2. Coating Treatment. Guar gum (G4129-500G) was from
Sigma-Aldrich (St. Louis, MO, USA) and glycerol was from
Jalmek Co. (Monterrey, Mexico). Guar gum coating solution
was prepared using 1.5% (w/v) guar gum and 30% (v/v) glyc-
erol; 0.3mL of glycerol and 1.5 g of guar gum were dissolved
in 100mL distilled water, formulation selected according to
previous research reported by Ruelas-Chacón et al. (2017).

�e solutionwas stirred at 800 rpmat 60∘Cduring 30minutes
on a magnetic stirrer/hot plate (Talboys, �orofare, New
Jersey, USA) [15].

A total of 108 tomato fruits were randomly allotted to two
groups: uncoated (UC) and coated (C). Tomatoes in the UC
group were immersed in distilled water for 1 minute and the
C group was immersed in the guar gum coating solution for
1 minute. Fruits were air-dried for 5 h at 22±2∘C. All samples
were le� in a chamber at ambient temperature and 40% RH
for 20 days.

2.3. Weight Loss Percentage. �e tomato samples, UC and C,
(three samples per repetition)wereweighted at days 0, 4, 8, 12,
16, and 20 during the storage period. �e di
erence between
initial and 	nal fruit weight (to the nearest 0.001 g) was
considered as total weight loss during the storage intervals
and calculated as percentages on a fresh weight basis [16].

2.4. Color. �e color characteristics were assessed using a
Minolta ChromaMeter CR-400 (Minolta Corp, Ramsey, New
Jersey, USA) tomeasure L (lightness of brightness), �∗ and �∗
values. �ree measurements were taken for each treatment
and the averages of �, �∗, and �∗ values were obtained
following the procedure described byMa�oonazad et al. [17].

2.5. Firmness. �e 	rmness of tomatoes in each treatment
groupwas determined using a digital Force Gauge penetrom-
eter (PCE-PTR 200, PCE group, Albacete, Castilla laMancha,
Spain), equipped with an 8mm plunger tip, at the equator of
the fruit where a section of rid (4 cm × 4 cm, approximately)
had been removed. Results were expressed in newtons (N).
�ree readings were taken for each tomato [4].

2.6. Soluble Solid Concentration (SSC). �ree tomatoes per
treatment were analyzed at each sampling day (0, 4, 8, 12,
16, and 20). Each tomato was ground with a Master Cra�
processor (Blender 9 in 1 EC51034, Soriana Stores S.A. de
CV, Monterrey, Mexico) during 1min. SSC of the ground
tomatoes was measured following the AOAC (1984) method
using anATAGOrefractometer (ATAGO,USA Inc., Bellevue,
WA, USA) at ambient temperature (22 ± 2∘C). �e SSC
concentration was expressed as percentage on the Brix scale.

2.7. Total Acidity (TA). Two milliliters of ground tomato
was diluted with 30mL of distilled water. �e titration of
the samples was done with NaOH 0.01N at pH 8.3. �ree
readings for each treatment were recorded per sampled day
and themeans of thesemeasurements were expressed as citric
acid and then used for statistical analyzes [18, 19].

2.8. Microbial Analysis. Surface skin (2 cm2) of UC and C
tomatoes at 0, 4, 8, 12, 16, and 20 days of storage at ambient
temperature was peeled o
 with a sterile scalpel. Ten grams
of skin samples was immersed in 90mL of peptone water and
vortexed for 2min (Vortex-Genie 2, Scienti	c Industries, Inc.,
Bohemia, NY, USA). �e microbial analysis consisted of a
plate countmethod for aerobicmesophilic bacteria at 30∘C in
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Figure 1: E
ect of storage period (day 1 and day 15) on Roma tomatoes coated with guar gum (C) and uncoated (UC), under ambient
temperature conditions (22 ± 2∘C).

plate count agar (PCA) over 48 h and yeast andmolds at 25∘C
in potato dextrose agar (PDA) over 72 h. Visible colonies were
counted and CFU/g calculated [8, 20].

2.9. Respiration Rate. Respiration of samples was analyzed
periodically in a closed and hermetic system. �e samples
(three tomatoes per jar) were randomly distributed in the
glass containers with a capacity of 1.80 liter at ambient
temperature (22± 2∘C).�e ratio between container capacity
and amount of tomatowas 600 : 100 (v-w,mL-g). Gas samples
were taken from the jar with a needle inserted through a
septum 	xed at the center of the jar lid. �e needle was
connected to CO2/O2 gas analyzer (PBI Dansensor Gas
Analyzer, Checkmate II, Denmark).�e results in percentage
a CO2 were used for calculation of the respiration rate
(mL kg−1h−1), using the following equation:

Respiration rate is

= %CO2
(Mass of sample in kg ∗ hours incubated ∗ volume jar)

(1)

2.10. Sensory Evaluation. A panel of 15 trained judges ana-
lyzed visual appearance, 
avor (taste), and 	rmness during
days 1, 5, and 10 of the storage period. Evaluationswere scored
based on a nine-point scale (1 = extremely poor, 3 = poor, 5 =
acceptable, limit of marketability, 7 = good, and 9 = excellent
[20]). �e overall appreciation of the sample was measured
on the same scale and referred to as overall quality [21].

2.11. Statistical Analysis. Data were subjected to one-way
analysis of variance (ANOVA) with three replications, using
the JMP 5.0.1 so�ware (SAS Institute Inc. Cary, NC, USA),
including a Least Signi	cant Di
erence Test. �e Tukey test
was used to compare the mean values in di
erent storage
intervals. Statistical di
erences were declared at � < 0.05.

3. Results and Discussion

�e guar gum coating adhered well to the Roma tomato sur-
face and exhibited a transparent appearance. All tomato fruits
shrank during the 20-day storage period; coated treatment
shrank less rapidly than the uncoated one.
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Figure 2: E
ect of guar gum coating on weight loss of Roma
tomatoes during a 20-day storage period (22 ± 2∘C).

3.1. Weight Loss. Figure 1 shows changes on tomato fruits
(UC and C) from day 1 and day 15 during storage time. UC
tomato from day 15 lost weight and shrank, and C tomatoes,
at the same time of storage, look di
erent compared to the
UC fruits. Visually the di
erence is evident, so the application
of guar gum coating retarded the weight loss of tomato fruit
during the storage period.

Figure 2 shows the weight loss of the UC and C tomatoes.
�e fruits exhibited signi	cant di
erence (� ≤ 0.05): the C
tomatoes exhibited comparatively lower weight loss than the
UC fruits. It can be inferred that the guar gum coating formed
a semipermeable layer, which allows passage of certain small
molecules but acts as a barrier to others, and acted as
protective barrier to reduce respiration and transpiration on
the fruit surface and conferred a physical barrier against O2,
CO2, moisture, and solute movement, reducing water loss
[12, 22].

Our results are in agreement with 	ndings of Ali et
al. [2], where water loss of tomato fruit was reduced by
coating with gum arabic. Rice starch-based coating has been
e
ective in controlling weight loss in tomatoes stored at room
temperature [8]. Ahmed et al. [20] used delactosed whey
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Table 1: Changes in �, �∗, �∗, and chroma (	∗) color values of guar gum coated tomatoes at di
erent storage time intervals.

Color parameter Storage time (days) Uncoated Coated

�

0 42.59 ± 0.51b 43.49 ± 0.55a
4 44.89 ± 0.61b 46.05 ± 0.31a
8 39.43 ± 0.14b 41.63 ± 0.89a
12 44.46 ± 0.25b 49.24 ± 0.30a
16 44.82 ± 0.21b 44.81 ± 0.26a
20 43.52 ± 0.28b 45.08 ± 0.39a

�∗

0 22.33 ± 0.26a 20.46 ± 0.56b
4 24.66 ± 0.24a 20.81 ± 0.74b
8 26.00 ± 0.89a 19.77 ± 0.61b
12 26.74 ± 0.68a 20.90 ± 0.73b
16 27.78 ± 0.89a 22.77 ± 0.77b
20 28.91 ± 0.55a 23.76 ± 0.91b

�∗

0 21.39 ± 0.73a 19.46 ± 0.94a
4 18.18 ± 0.89a 18.78 ± 0.86a
8 20.38 ± 0.93a 20.00 ± 0.75a
12 23.24 ± 0.34a 18.91 ± 0.23a
16 13.17 ± 0.36a 17.64 ± 0.95a
20 20.32 ± 0.16a 17.41 ± 0.94a

	∗

0 30.92 ± 0.83a 28.24 ± 0.66b
4 30.64 ± 0.79a 28.03 ± 0.79b
8 33.03 ± 0.43a 28.12 ± 0.84b
12 35.43 ± 0.89a 28.19 ± 0.27b
16 33.19 ± 0.76a 29.42 ± 0.67b
20 35.34 ± 0.20a 29.46 ± 0.38b

abMeans in the same raw followed by a di
erent superscript di
er by Tuckey’s test at � ≤ 0.05.

coating on tomatoes and reduced weight loss during storage
period, the application of protein-phenolic based coating on
tomatoes also retarded weight loss [12], and El-Ghaouth et al.
[23] using chitosan on tomatoes extended shelf-life by reduc-
ing weight loss and other quality postharvest parameters.

Chitosan coatings have been e
ective in controlling
weight loss from other vegetables, including papaya [24],
cucumber and pepper [23], longan fruit [25], and strawberry
fruit [26]. �e obtained results are also in good agreement
with the 	ndings by Bai et al. [27] who reported that
an e�cient reduction in weight loss was found in coated
“Delicious” apples.

3.2. Color. �e changes on CIELAB parameters of C and
UC tomatoes during the storage time at ambient temperature
(22 ± 2∘C) are shown in Table 1. �ere was a signi	cant
di
erence in L values when comparing the treated and
untreated tomatoes. C tomatoes presented a higher visual
brightness compared to the UC samples. It is important to
say that there were not signi	cant di
erences between fruits
during the storage period.

�ese results agree with 	ndings of Athmaselvi et al. [28]
and Santoso and Rahmat [29], where L values were higher
for tomatoes treated with Aloe vera based edible coating.
Parameter �∗ was di
erent (� ≤ 0.05) between treatments
during the 20-day trial; �∗ values change from light red
reading to red color [30]. �e �∗ values (red color) for UC

tomatoes were higher (� ≤ 0.05) than for the C ones, whereas
no di
erences were observed on �∗ values between the UC
and the C fruits. �is could be attributed to the modi	ed
atmosphere in the fruit created by the guar gum coating
which in
uenced the respiration rate delaying color variation
between treatments more than on the storage period itself.

�e chroma (	∗) values were maintained during storage
on C tomatoes (Table 1) and they signi	cantly increase in UC
samples a�er storage. �e higher 	∗ values on UC samples
indicated higher saturation related to the redness stage of
ripening.

During ripening, the green pigment chlorophyll degrades
and carotenoids are synthesized [31] from colorless pre-
cursor (phytoene) to carotene (pale yellow), lycopene
(red), �-carotene (orange), xanthophylls, and hydroxylated
carotenoids (yellow) [5, 32] given the variation in the values
of color parameters.

3.3. Firmness. In this study, 	rmness of fruit decreased (� ≤
0.05) with storage time in both C and UC fruit (Figure 3).
�e 	rmness of UC tomatoes decreased (� ≤ 0.05) more
rapidly than C tomatoes. A�er the fourth day, deterioration
of 	rmness increased substantially and steadily, being more
accentuated in UC fruits. Reduction of 	rmness in the
UC sample was 72% compared to 46% of the C tomatoes
a�er 20 days of storage (Figure 3). Firmness data were
correlated versus respiration rate and the Pearson correlation



Journal of Food Quality 5

Uncoated tomato

Coated tomato

5 10 15 20 250

Storage time (days)

0

5

10

15

20

25

30

35

F
ir

m
n

es
s 

(N
)

Figure 3: E
ect of guar gum coating on the 	rmness of Roma
tomatoes during a 20-day storage period (22 ± 2∘C).

coe�cient was −0.763, meaning that if values of respiration
rate increased the values for 	rmness decreased, probably
due to the enzymatic activities during the ripening process
[29, 33, 34]. So�ening of fruits is due to deterioration in the
cell wall composition [33] and it is a biochemical process
involving the hydrolysis of pectin and starch by enzymes such
as hydrolases, pectinesterase, and polygalacturonase [34].
High levels of CO2 propitiated by coating on the fruit can
limit the activity of these enzymes which allows maintenance
of 	rmness during storage.

3.4. Soluble Solids Concentration. In general, there was a
gradual increase in SSC during the complete storage period
(Figure 4). For UC samples were 18.2% whereas for C fruits
were only 4.26% (Figure 4).�e SSC at 20 days of storage was
higher (� ≤ 0.05) in UC (5.5%) compared to C fruits (4.7%)
from the initial SSC which was 4.5% for UC and C tomatoes.

�e lowest SSC at the end of the storage period was
recorded in fruit coated with guar gum and showed that
the coatings provided a good semipermeable barrier around
the fruit, modifying the internal atmosphere by reducing or
elevating CO2 production. As a result, decreased respiration
rates slowed down the synthesis and use of metabolites
resulting in lower SSC [2, 18, 34]. Variations in SSC are
correlated with hydrolytic changes in polysaccharides (hemi-
cellulose and pectin) with ripening in postharvest storage.
�e degradation of the cell wall polysaccharides that occur
during storage period in tomatoes leads to the release of
oligosaccharins which can a
ect fruit ripening [8].

3.5. Total Acidity. In the present trial, total acidity values of
C and UC fruit during storage decreased with storage time
(Figure 5) and the values were higher (� ≤ 0.05) in UC fruit
(0.41%) compared to the C samples (0.35%). �is response
occurs because the citric acid content increases withmaturity
and stage of ripening [3, 22]; however, once fruit reach the full
ripe stage, citric acid content starts to decline [35]. �e guar
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Figure 4: In
uence of guar gum coating on the soluble solid
concentration of Roma tomatoes during a 20-day storage period
(22 ± 2∘C).
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Figure 5: Total acidity response of tomatoes coated with guar gum
during a 20-day storage period at ambient temperature (22 ± 2∘C).

gum coating slowed down the synthesis of citric acid during
ripening; this e
ect is shown in Figure 5. �e higher TA
level in control fruit suggests that coating delayed ripening
by providing a barrier against O2 uptake around the fruit
[33, 36, 37].

�e acidity of tomato is very important for the taste of
the fruit. �e e
ect of coating on internal quality parameters
is dependent on coating type, fruit cultivar, and storage con-
ditions. In tomato, Das et al. [8] found greater values for TA
in uncoated fruit than in fruit coated with rice starch-based
coatings. �is was attributed to higher ethylene production
and respiration rate in uncoated fruit during ripening. In the
same trial, higher values of TAwere also reported in uncoated
than in coated tomatoes. �e higher TA values on uncoated
samples than on coated ones were attributed to the loss of
citric acid in tomatoes as fruit ripened [13, 38].
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Table 2: Microbial plate counts of uncoated and coated (edible guar
gum) Roma tomatoes.

Uncoated Coated

Storage time (days) 0 20 0 20

Mesophilic bacteria
(CFU/g)

480a 1460a 480b 960b

Yeast and molds
(CFU/g)

520a 1580a 530b 1030b

Means followed by di
erent letters in the same column are signi	cantly
di
erent by Tuckey’s test � ≤ 0.05.

3.6. Microbial Analysis. Microbial count for mesophilic bac-
teria and yeast andmolds increased as storage time increased
for both treatments (Table 2). �e colony forming units
(CFU/g) for mesophilic bacteria were di
erent (� ≤ 0.05)
for UC tomatoes from days 0 to 20 (480 and 1460CFU/g).
In C tomatoes, there was also a signi	cant di
erence from
days 0 to 20 (480 and 960CFU/g) but the CFU/g on UC
samples were higher than in C ones. �e CFU/g values for
yeast and molds showed signi	cant di
erences (� ≤ 0.05)
between treatments. �e CFU/g for UC samples were 520
and 1580CFU/g for days 0 and 20, respectively. Regarding
the C fruits, the CFU/g were 530 for day 0 and 1030 for day
20. Pearson’s correlation coe�cient for mesophilic bacteria
versus respiration rate was 0.978 and for yeast and molds
versus respiration rate was 0.980; these are strong correla-
tions between variables. As the respiration rate of the fruits
increased the deterioration of the fruit does too, given the
conditions such as nutrient availability for the microorgan-
isms to develop. �e protective e
ect provided by the edible
guar gum coating seems to reduce the rate of development of
microorganisms that a
ect the quality of tomatoes, because
the coating acts as a barrier of gases and other substances
such as water or other nutrients needed for the growth of
microorganisms [39]. Further, protective coating o
ers an
additional barrier to microorganism contamination during
storage. �is is also evident from results reported here.

3.7. RespirationRate. �ee
ect of coatings on respiration rate
of Roma tomatoes stored at ambient temperature (22 ± 2∘C)
is shown in Figure 6. All samples increased the respiration
rate during storage, which indicates an increase in the fruit
metabolic activity. A�er 20 d, the C tomatoes had the lowest

CO2 production (2.8, mL kg−1h−1) compared with the UC

tomatoes (10.7, mL kg−1h−1), indicating that coating might
have modi	ed the internal atmosphere and signi	cantly
delayed respiration rate of Roma tomatoes. Respiration rate in
fresh fruit and vegetables is considered good index for deter-
mination of storage life [38]. �e e
ect of polysaccharide-
based coatings on respiration of horticultural products is
related to their ability to create a barrier to oxygen di
usion
through the coating [40]. In tomatoes, coatings based on
gum arabic [38], alginate or zein [41], and hydroxyl propyl
methyl cellulose (HPMC) also reduced the fruit respiration
rate during storage [7, 42].

A reduction in respiration rate as a result of coating has
also been reported by many researchers in various fruit, such
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Figure 6: In
uence of guar gum coating on the respiration rate
of Roma tomatoes during a 20-day storage period at ambient
temperature (22 ± 2∘C).

as papaya, grapes, mango, strawberries, and tomatoes [23, 24,
29, 39, 43].

3.8. Sensory Evaluation. Sensory evaluation of C and UC
fruit at the end of the storage period revealed di
erences (� ≤
0.05) in appearance, 
avor, 	rmness, and overall acceptability
(Figure 7). On day 0, there were no signi	cant di
erences
(� ≤ 0.05) detected for all the attributes evaluated. As storage
time increased (Figure 7; days 5 and 10), there were signi	cant
di
erences (� ≤ 0.05) detected by the panelists in favor of
the C tomatoes on appearance, 
avor, 	rmness, and overall
acceptability. �e e
ect of guar gum coating on tomatoes
helps to slow down the ripening process [29, 39] that
in
uence the quality attributes of the samples evaluated. On
Figure 7, it can be seen that there were signi	cant di
erences
on appearance, 
avor, 	rmness, and overall acceptability of
C and UC tomatoes. Other authors report similar 	ndings:
the application of a coating helps maintain texture 	rmness
[13, 29, 39], color, and 
avor changes [2, 13, 38, 39], on
di
erent products such as apples, and tomatoes, using several
types of coatings at ambient temperature (22 ± 2∘C).

�e scores given by the panelists to all the attributes were
between 9 and 7, which is interpreted as “excellent” to “good.”
�ese results suggest that the guar gum coating can be used
to prolong the shelf-life and improve tomato quality during
storage at ambient temperature (22 ± 2∘C). C and UC Roma
tomato were not sensory analyzed a�er 10 days of storage
based on the microbiological results.

4. Conclusions

�e present study shows that coating Roma tomatoes with
guar gum delayed the ripening process by inhibiting the
respiration rate of this fruit. �is suggests that guar gum
coating not only maintained 	rmness but also improved the
postharvest quality during storage at ambient temperature.
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Figure 7: Sensory evaluation of uncoated (dark gray) and coated (light gray) tomatoes stored at 22 ± 2∘C for 10 days. Scores designated by
di
erent letters are signi	cantly di
erent (� ≤ 0.05) for each attribute.�ree di
erent trials were carried out in triplicate.�e scale corresponds
to 9 = excellent and 1 = extremely poor.

�e guar gum coating is biodegradable, easily applied, and
less expensive (compared with other hydrocolloids and com-
mercial waxes) and it can be used commercially to prolong
the storage life of Roma tomatoes.

For future studies, it is still necessary to improve its
water vapor barrier properties, perhaps by adding speci	c
lipid components in order to increase the postharvest storage
quality at ambient temperature and cold storage.
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