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Abstract 

Background: Enzymatic browning and microbial decay are the primary concerns that limit the postharvest life of 
longan fruit. These factors can be effectively prevented by sulfur dioxide  (SO2) fumigation; however, due to the safety 
and regulatory issues of  SO2, other alternatives must be tested. In this study, antioxidant and antimicrobial activities 
of thymol were determined against the pericarp browning and decay of longan fruit. A simple, cost-effective method 
was designed for its controlled release. Thymol vapors were obtained from the slurry prepared from 5 g of thymol in 
5 mL of distilled water in a 180-mL glass jar, hermetically sealed and allowed for 24 h to accumulate the vapors in the 
headspace. Fruits were packed in polyethylene packages and fumigated with thymol through a septum. Non-fumi-
gated fruits served as control and all the packages were stored at 25 ± 2 °C for 8 days.

Results: Thymol significantly (P ≤ 0.05) retarded pericarp browning (BI), delayed the decay incidence (DI) and main-
tained high color values of longan pericarp. Thymol also retained high total phenolic (TPC) and total flavonoid (TFC) 
contents, inhibited polyphenol oxidase (PPO) and peroxidase (POD) activities than those in control. A high coeffi-
cient of correlation of PPO with BI (r = 0.86), L* (r =  − 0.94), weight loss (r = 0.93), TPC (r =  − 0.77), TFC (r =  − 0.80), DI 
(r = 0.92) and many other quality and color parameters indicated the antioxidant efficacy of thymol. Longer shelf life 
of 8 days with good quality attributes was obtained in thymol-treated fruits than 6 days in control.

Conclusion: Thymol could be effectively used as a natural antioxidant for a wide range of fruits.
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Background
Due to the potential health benefits, fruits are the impor-
tant part of human nutrition [1]. Longan (Dimocarpus 
longan Lour) is a non-climacteric fruit widely cultivated 
in many countries, including China, Thailand, Vietnam. 
Due to its sweet and delicate taste, longan is preferred 
to be eaten fresh. Furthermore, longan fruit is a rich 

repository of several bioactive compounds with antimi-
crobial, antioxidant, anti-carcinogenic and anti-inflam-
matory effects; therefore, longan is used in traditional 
medicine in several ailments in Asia [2, 3]. However, 
pericarp browning, microbial decay and skin desiccation 
are the limiting factors of longan fruit that shortened its 
postharvest life to 2−4 days at ambient temperature [4]. 
Pericarp browning of longan fruit has been attributed to 
the oxidation of phenolic compounds by the polyphenol 
oxidase (PPO) enzyme. In addition, high moisture and 
sugar contents cause the longan fruit more vulnerable 
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to microbial growth. To date, the fruit’s postharvest life 
has been preserved by treating with butanol [5], anti-
browning agent solutions [6], fumigation with hexanal 
vapors [7] and chlorine dioxide fumigation [8–10] and 
many others. Currently, the awareness of the consumers 
towards the safe fruits and possible residues of the syn-
thetic compounds in fruits, other feasible alternatives 
should be researched that must be safe and effective in 
preventing the browning and decay of longan fruit.

Essential oils are plant-based extracts and comprise a 
number of volatile and secondary metabolites that have 
shown a direct activity against phytopathogens and 
enhance the plant defence system against these micro-
organisms [11, 12]. Essential oils (EOs) have been tapped 
mainly for their flavor and fragrances and various bio-
logical characteristics such as antioxidant and antimicro-
bial. The main components are terpenes, sesquiterpenes 
and several derivative compounds (alcohols, aldehydes, 
ketones, acids, phenols, ethers, esters, amines, amides, 
heterocycles, etc.), which are responsible for the char-
acteristic odor and flavor [13]. Furthermore, essential oil 
components mainly belong to the terpene family and sev-
eral compounds in this family have been identified [14]. 
These compounds include functionalized derivatives 
of alcohols (geraniol, α-bisabolol), ketones (menthone, 
p-vetivone) of aldehydes (citronellal, sinensal), esters 
(γ-terpinyl acetate, cedryl acetate), and phenols (thymol) 
[15]. The presence of these compounds and their main 
components gives them different functional properties, 
which could be considered for many food applications 
[16, 17].

The genus Thymus from the Lamiaceae family is com-
monly used for food, cosmetic, and medicinal purposes. 
A thyme herb obtained from Thymus vulgaris and Thy-
mus zygis is a well-known herbal substance in different 
industries. Thyme EO compounds belong to various 
chemical groups, including monoterpenes, monoter-
pene alcohols, phenol derivatives, ketones, aldehydes, 
ethers and esters. There are also numerous chemotypes 
within the T. vulgaris species, differing in the main com-
ponent of EO. The main components of thyme EO are 
the isomeric phenolic monoterpenes thymol (2-isopro-
pyl-5-methylphenol) and carvacrol (2-methyl-5-(propan-
2-yl)phenol) [18, 19]. The study by Sellamuthu et al. [20] 
showed that out of 26 components in thymol oil, thy-
mol (53.19% RA) was the major compound, followed 
by cymol (20.68% RA). Thymol is a colorless, crystalline 
compound with a strong odor and solubility in alcohol 
and other organic solvents, but only slightly soluble in 
water. Thymol possess antiseptic, antibacterial, antifun-
gal, anthelmintic, antiviral, antioxidant, expectorant, 
antispasmodic, carminative, diaphoretic, sedative, anti-
rheumatic, and even anti-cancer, anti-hyperlipidemic and 

anti-hyperglycemic action [21–23]. Thymol is generally 
recognized as a safe (GRAS) compound for food ingredi-
ents as long as the concentration does not exceed 50 mg/
kg [24].

Previous studies revealed that essential oil either alone 
or in combination with other compounds successfully 
extended the shelf life of various fruits such as lemon 
[25], strawberries [26, 27], sweet cherry [28], table grapes 
[29, 30] and purple yam [31]. In our previous study, we 
coated the longan fruit with thymol to prevent brown-
ing and decay [6]; however, a peculiar taste was detected 
during the sensory evaluation of the fruit. Therefore, this 
experiment was designed to find the best possible and 
feasible method to preserve the postharvest life of longan 
fruits. A very simple, cost-effective and feasible method 
was proposed for thymol fumigation. Basic quality tests 
were conducted to identify the mechanism and mode of 
action of thymol in preventing the enzymatic browning 
and microbial decay of longan fruit.

Materials and methods
Reagents
Gallic acid, ( +)-catechin, 4-methylcatechol, polyvi-
nylpyrrolidone (PVP), guaiacol, bovine serum albumin, 
Coomassie brilliant blue G-250 and food grade thymol 
were purchased from Sigma Chemical Co. (St. Louis, 
MO, USA). Folin–Ciocalteu’s phenol reagent, phosphoric 
acid and hydrogen peroxide were obtained from Merck 
Darmstadt, Germany.

Thymol fumigation and fruit treatment
A new, simple and cost-effective fumigation method 
was designed to find the best possible and effective pre-
servative method for fresh longan as an alternative to 
 SO2 fumigation. The chemical structure and a schematic 
diagram of thymol fumigation are shown in Fig.  1 and 
Graphical Abstract, respectively. Thymol (> 99% food 
grade) 5 g was mixed with 5 mL distilled water in a 180-
mL glass jar to make a slurry. The jar was hermetically 
sealed and allowed to stand for 24  h. This method was 
optimized based on the various trials to get a constant 
concentration of thymol vapors in the jar. Longan cv. 
Daw fruit of uniform color and size were prepared with 
a 5-mm stalk and about 200  g of fruit were heat-sealed 
in polyethylene (PE) packages. Then 15  mL of thymol 

Fig. 1 Thymol structure
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vapors were withdrawn from the jar and injected into PE 
packages through the septum. Fruits packed in the same 
conditions without thymol fumigation were served as a 
control. All the packages were stored at ambient temper-
ature at 25 ± 2 °C for 8 days. Different quality parameters 
were evaluated at 0-day and 2-day intervals. From each 
treatment, three replicates (packages) were used on each 
sampling day for analysis.

Quality evaluation tests
Weight loss
Weight loss was determined by weighing the fruit on day 
0 and every 2nd day and the results were expressed in 
percentage.

Decay incidence
Decayed fruit was defined as any fruit showing visible 
symptoms of fungal growth or other decay symptoms 
on the surface. Fruit decay was visually evaluated, the 
number of decayed fruit was counted and then the decay 
percentage from the total fruit was calculated by the fol-
lowing formula [32]:

Pericarp browning and pericarp color
Pericarp browning index (BI) of longan fruit was deter-
mined by observing the amount of total brown area on 
each fruit surface: 1 = 1% (no browning), 2 = 1 − 10% 
(slight browning), 3 =  > 10 − 25% (moderate browning), 
4 =  > 25 − 50% (severe browning) and 5 =  > 50% (com-
plete browning) and calculated using the following equa-
tion [33]. Fruit with a browning scale above 3 was the 
limit of market acceptability:

Pericarp color (L*, a*, b*) was measured using Minolta 
CR-310 colorimeter (Minolta, Tokyo, Japan) and chroma 
(C*) and hue (h°) were calculated by the following 
equations:

(1)

Percentage of fruit decay =
Number of decayed fruit

Total number of fruit
× 100.

(2)BI =
∑ Browning level × number of fruit at each browning level

Total number of fruit in the treatment

(3)C
∗
=

(
a
∗2

+ b
∗2
)1/2

,

(4)h
◦
= tan

−1 b
∗

a∗
.

Total phenolic and flavonoids contents
Phenolic and flavonoid contents were extracted from 
the liquid nitrogen-frozen pericarps of 8 fruits and 
stored at ‒20  °C, according to the method of Khan 
et  al. [33]. Reaction mixtures for total phenolic con-
tents (TPC) and total flavonoid contents (TFC) were 
prepared according to the methods of Khan et al. [33] 
and Dewanto et  al. [34], respectively, using a UV–vis-
ible spectrophotometer (Biochrom Libra S22, Cam-
bridge, UK). Results for TPC and TFC were expressed 
as milligram of gallic acid per kg (ppm) and milligram 
of catechin per kg (ppm) of fresh weight, respectively. 
The experiments were done in triplicate.

Enzymes activities
For determining the anti-browning effects of thymol 
on the inhibition of enzyme activities, pericarps of 8 
fruits from each treatment were ground in liquid nitro-
gen and sieved from mesh no. 30 with aperture 600 µm 
(Retsch, D5657, Hann. Munden, Germany). About 5.0 g 
of the ground powder was homogenized (Ultra-Turrax 
T25 homogenizer, Staufen, Germany) in the presence 
of 20 mL 0.05 M sodium phosphate buffer (pH 7) and 
0.5 g of polyvinylpyrrolidone (PVP) for 2 min. Homoge-
nate was centrifuged (Sorvall RC6 + Centrifuge, Oster-
ode, Germany) for 20  min at 19,000×g and 4  °C. The 
supernatant was collected as the crude enzyme extract 
[35].

Polyphenol oxidase (PPO) activity was assayed using 
0.5  mL of 100  mM 4-methylcatechol, 1  mL of 0.05  M 
sodium phosphate buffer (pH 7) and 0.5 mL of enzyme 
extract [36]. The absorbance was recorded at 410  nm 
for 5 min using a UV–visible spectrophotometer (Bio-
chrom Libra S22, Cambridge, UK). One unit of enzyme 
activity was defined as the amount that caused a change 

of 0.001 in the absorbance per min.
Peroxidase (POD) activity was determined using 

guaiacol as a substrate [37] and the absorbance was 
recorded for 2 min at 470 nm using a UV–visible spec-
trophotometer (Biochrom Libra S22, Cambridge, UK). 
One unit of enzyme activity was defined as the amount 
that caused a change of 0.01 in the absorbance per min. 
Protein contents were determined according to the 
dye-binding method [38]. Enzymes (PPO and POD) 
activities were expressed as units  min‒1   mg‒1 protein. 
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Each replicate was analyzed 3 times and their mean was 
used for statistical analysis.

Statistical analysis
Data were subjected to the analysis of variance (ANOVA) 
using SPSS (SPSS incorporation Chicago, IL, USA). Dun-
can’s multiple tests were performed to determine the sig-
nificant difference (P ≤ 0.05) among the treatments. The 
correlation analysis was carried out in Microsoft Excel 
2019.

Results
Weight loss, decay incidence and pericarp browning
Weight loss of longan fruit increased with storage time 
in both treated and control packages (Fig. 2). No signifi-
cant difference (P > 0.05) was found in control and treated 
longan packages during storage until day 4. Weight loss 
at day 6 was significantly high in control than that in thy-
mol-treated fruit. Decay incidence (DI) enhanced greatly 
in control fruit than that in thymol-treated fruit (Fig. 3). 
No DI was found at day 2 in both treatments, while at 
days 4 and 6, control fruit had significantly (P ≤ 0.05) high 
DI than that in thymol-treated fruit. Pericarp browning 
(BI) increased in both treatments during storage (Fig. 4). 
BI was significantly (P ≤ 0.05) higher in the control treat-
ment compared to thymol treatment from day 2 onward.

Color (L*, a*, b* C* and h°) values
The color values of longan fruit decreased with stor-
age time. The color values and pictures of longan are 
presented in Table  1 and Fig.  5, respectively. No sig-
nificant difference was found at day 0; however, from 

days 2 to 6, thymol-treated fruit has significantly higher 
(P ≤ 0.05) L* values than control fruit. A decrease in L* 
values was associated with the browning index, which 
can also be seen from the high correlation (r =  − 0.96; 
Fig.  6) between the L* and BI. a* values increased in 
both treatments; however, no significant difference 
(P > 0.05) was found during storage (Table 1). b* and C* 
values decreased with storage time in both treatments, 
and no significant (P > 0.05) difference was found until 
day 4; however, at day 6, thymol-treated fruit had high 

Fig. 2 Weight loss (%) of longan fruit fumigated with thymol and 
control stored at 25 ± 2 °C. Vertical bars represent mean ± standard 
deviation (n = 3). Day 6 was the last day for the control

Fig. 3 Decay incidence (%) of longan fruit fumigated with 
thymol and control stored at 25 ± 2 °C. Vertical bars represent 
mean ± standard deviation (n = 3). Day 6 was the last day for the 
control

Fig. 4 Pericarp browning of longan fruit fumigated with thymol and 
control stored at 25 ± 2 °C. Vertical bars represent mean ± standard 
deviation (n = 3). Day 6 was the last day for the control
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(P ≤ 0.05) b* and C* values than that in the control 
treatment (Table  1). Hue (h°) angle declined in both 
treatments with storage time with no significant differ-
ences (Table 1).

Total phenolic and total flavonoid contents
Total phenolic content (TPC) in longan pericarp in 
treated and non-treated fruit is presented in Fig.  7. No 
significant difference (P > 0.05) was found in both treat-
ments until day 2. On days 4 and 6, the control fruit 
exhibited a significant (P ≤ 0.05) reduction in the TPC 
and TFC contents compared to the treated fruit (Fig. 7 A 
and B).

Enzymes activities
Polyphenol oxidase (PPO) activity increased in both 
treatments with storage time. PPO activity was signifi-
cantly higher (P ≤ 0.05) in control from day 0 to day 6 
than that in thymol-treated fruit (Fig.  8a). Peroxidase 
activity in longan pericarp increased during storage, 
reached the maximum at day 2 in control, and gradually 
declined (Fig. 8b).

Table 1 Color values of longan pericarp fumigated with thymol and control stored at 25 ± 2 °C

a, b… in each column characterize the significant difference among treatments at P ≤ 0.05, (n = 9).

Treatments Storage time (days)

0 2 4 6 8

L* Thymol 64.84 ± 1.29a 65.62 ± 4.57a 57.31 ± 0.72a 55.62 ± 2.48a 42.62 ± 1.18a

Control 63.01 ± 1.67a 59.75 ± 3.88b 51.15 ± 2.31b 39.60 ± 4.99b ‒
a* Thymol 0.99 ± 0.60a 1.83 ± 0.37a 1.69 ± 0.56a 2.82 ± 0.67a 5.09 ± 0.35a

Control 1.22 ± 0.18a 1.56 ± 0.11a 2.34 ± 0.58a 3.07 ± 1.25a ‒
b* Thymol 38.32 ± 0.69a 36.47 ± 2.76a 30.68 ± 1.43a 28.65 ± 1.78a 19.80 ± 0.80a

Control 38.20 ± 0.68a 32.54 ± 1.24a 27.90 ± 1.28a 17.18 ± 1.81b ‒
C* Thymol 38.35 ± 0.69a 36.52 ± 2.74a 30.74 ± 1.47a 28.81 ± 1.82a 20.47 ± 0.76a

Control 38.22 ± 0.68a 32.59 ± 1.24a 28.02 ± 1.29a 17.48 ± 1.98b ‒
h° Thymol 88.48 ± 0.88a 87.07 ± 0.72a 86.87 ± 0.96a 84.35 ± 1.10a 75.30 ± 0.94a

Control 88.18 ± 0.26a 87.29 ± 0.22a 85.02 ± 1.27a 79.69 ± 2.92a ‒

Fig. 5 Pictures of longan pericarp and flesh fumigated with thymol 
and control stored at 25 ± 2 °C. Day 6 was the last day for the control

Fig. 6 Pearson coefficient of correlation in different quality 
parameters in longan fruit stored at 25 ± 2 °C



Page 6 of 10Khan et al. Chem. Biol. Technol. Agric.            (2021) 8:61 

Discussion
Packaging films effectively reduced the increase in weight 
loss as no difference was found until day 4 in both treat-
ments. While at the last day of the experiment, the high-
est weight loss was 2.13% in thymol-treated fruit. Results 
from this study were in line with the work of Valverde 
et  al. [30], who found a significant reduction in weight 
loss in table grapes being fumigated with thymol, men-
thol or eugenol under modified atmosphere packaging 

(MAP) of non-perforated oriented polypropylene 
(N-OPP) bags compared to control (only MAP, without 
essential oil) and stored at 1  °C for 35 days. Geransayeh 
et al. [39] also reported the lowest weight loss in thymol-
treated strawberries than in control and stated that a 
more significant reduction in weight loss was observed 
in the high concentration of thymol than all the low con-
centrations. Awad et al. [40] also observed a substantial 
decrease in weight loss in fresh-cut green beans when 

Fig. 7 Total phenolic (A) and total flavonoid contents (B) in longan fruit fumigated with thymol and control stored at 25 ± 2 °C. Vertical bars 
represent mean ± standard deviation (n = 3). Day 6 was the last day for the control

Fig. 8 Polyphenol oxidase (PPO) (A) and peroxidase (POD) (B) activities in longan fruit fumigated with thymol and control stored at 25 ± 2 °C. 
Vertical bars represent mean ± standard deviation (n = 3). Day 6 was the last day for the control
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treated with tea tree essential oil and peppermint essen-
tial oil than the control. In the current study, we also 
comparatively found low weight loss in thymol-treated 
longan, and it can be stated that thymol could act as a 
barrier against water loss. Furthermore, the prevention 
of weight loss in longan fruits could also be attributed to 
the use of polymeric films as one of the benefits of the 
modified atmosphere packaging. The is because the dif-
ferences in water pressure between the sample and sur-
rounding air cause the sample to lose weight which could 
be prevented to extend the shelf life.

Compared to control, the lowest DI was found in thy-
mol-treated longan fruits. This antimicrobial mode of 
action of thymol could be attributed to the disruption of 
cellular membrane integrity and intervention with active 
sites of enzymes and cellular metabolism [41]. Kowalczyk 
et al. [19] attributed the antifungal activity of thymol to 
the fatty acid metabolism in the fungal cells. This phe-
nomenon increases the concentration of reactive oxygen 
species and oxidative stress and decreases the extracellu-
lar polymer matrix, and capsular polysaccharide. Poonam 
et  al. [42] observed a decrease in the ergosterol in the 
membrane of Candida and Cryptococcus treated with 
thymol which disrupted membrane integrity, disturbed 
the membrane-associated enzyme, extensive damage 
and finally led to cell death. The hydrophobic nature of 
the cell membrane of pathogens is the main reason for 
the attraction of the essential oil. Thymol can integrate 
into the lipid layer of the cell membrane and enhance the 
surface curvature. The mechanism of antifungal activ-
ity of thymol is the interaction of the hydrophilic part of 
the molecules and the polar part of the membrane, while 
the hydrophobic benzene ring and aliphatic side chains 
sink into the inner part of the biological membrane. 
This phenomenon causes big changes in the membrane 
structure due to the destabilization of the lipid layer, 
decreased elasticity, and increased fluidity. Consequently, 
it increases the permeability to potassium and hydrogen 
ions and affects the membrane protein such as enzymes 
and receptors. Thymol interacts with its embedded pro-
teins in the cell membrane and changes the conformation 
and protein activity through various non-specific mecha-
nisms [19, 43]. Kryvtsova et al. [44] stated that the anti-
microbial activity of thymol depends on the percentage 
composition of its major constituents. Essential oils with 
a high phenolic monoterpene percentage, mainly thymol, 
have the strongest antibacterial properties associated 
with their structure [45].

Abd-Alla et  al. [46] and Meer et  al. [47] stated that 
thyme oil vapor or volatile phase is more effective than 
liquid. This is because the lipophilic molecules in the 
aqueous phase associate form micelles that restrict 
essential oils’ interaction with the organism, while the 

vapors phase makes them attractive as possible fumi-
gants for protecting stored products [48] and suppress-
ing the pathogens [49]. Another advantage of the vapor 
phase is that it is needed in very low concentration 
without adversely affecting the sensory characteristics 
of the produce [50]. Hence, in this study, thymol vapor 
prevented microbial growth and increased longan fruit’s 
shelf life without affecting the sensory characteristics 
(data not shown). Therefore, for the longest shelf life of 
longan fruit, thymol vapors combined with MAP need to 
be practiced at low temperatures.

Prevention/or delaying of pericarp browning of lon-
gan might be attributed to the high antioxidant activity 
of thymol [51]. Kevin et al. [52] analyzed the antioxidant 
activities of the 423 essential oils from 48 families and 
reported that phenolic terpenes (carvacrol, thymol, and 
eugenol) are the major constituents of the most effective 
oils having the ability to scavenge free radicals. Essential 
oil (eugenol, thymol or menthol) significantly prevented 
the stem browning of cherries than in the control when 
1  mL of each of these compounds was placed on ster-
ile gauze and kept in polypropylene trays covered with 
polypropylene films, stored at 1  °C for 16 days followed 
by 1 day at 20 °C [28]. Our results suggested that thymol 
effectively prevented the formation of brown polymer 
on the pericarp of the longan fruit compared to control. 
This can also be seen in a continuous decrease in L* val-
ues during the whole storage and b* and C* at day 6 in 
control treatment which shows that thymol prevented 
the oxidation reaction and maintained the color values. 
High TPC and TFC contents and lower activities of PPO 
further revealed that thymol has a strong activity against 
the oxidation reaction and maintained the cell integrity, 
delayed senescence and thereby, prevented the mixing up 
the cell constituents and consequently inhibited the peri-
carp browning. It is well understood that upon the break-
down of the cell membrane, cell constituents such as 
PPO and its substrates (phenolic compounds) come into 
contact and initiate the browning reaction, thus causing 
browning deterioration of the product [53].

A coefficient of correlation analysis was conducted to 
see the association of these factors in the enzymatic reac-
tions. Coefficient of correlation indicated that PPO was 
highly associated with L* (r = ‒ 0.94), browning index 
(r = 0.86), with TPC (r = ‒ 0.77; Fig.  6). Browning index 
also high correlated with TPC and L* (r = ‒ 0.96), with 
TFC (r = ‒ 0.91) as well as with weight loss (r = 0.89) 
(Fig. 6). It can also be seen in the respective figures that 
the highest PPO activity (Fig. 8), lowest phenolic (Fig. 7) 
and highest pericarp browning (Fig.  4) were observed 
particularly in non-fumigated longan fruit (control).

Thymol also prevented quality deterioration and 
extended the shelf life of other fruits. Atress et  al. [27] 
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reported a high color (L*, c* and h°) values than control 
(distilled water) in strawberries when treated with the 
mixture of thymol with soy protein or wheat protein. 
Valero et  al. [29] stated that thymol fumigation (plac-
ing either 75 or 150 μL on sterile gauze inside the bag) 
significantly reduced changes in color values (L*, a* and 
b*) and retained high TPC than non-treated (control) 
table grapes. In another study of essential oil (0.5 mL of 
thymol, eugenol, menthol on sterile gauze inside bags) 
in combination with MAP on the table grapes stored at 
1 °C for 35 days revealed that all the essential oils main-
tained the color values (L* and h°) and phenolic contents 
than the control treatment [30]. Similarly, Geransayeh 
et  al. [39] reported that thymol fumigation reduced the 
activities of the enzymes in strawberries than the con-
trol treatment stored at 4 °C for 12 days. Higher TPC was 
also observed in fresh-cut beans pods when treated with 
ethanol, ascorbic acid and essential oil than the control 
[40]. Liu et al. [54] treated apricot and plum with thymol 
essential oil and inhibited the browning of these fruits 
without any adverse or toxic effect.

Conclusions
In this study, a new fumigation technique was proposed. 
Longan fruits were fumigated with thymol vapors and 
stored at ambient temperature 25 ± 2 °C for 8 days. Non-
fumigated fruits were considered as control. Thymol 
fumigation successfully prevented the pericarp brown-
ing, inhibited decay incidence, prevented the color loss, 
maintained high TPC and TFC contents. Thymol treat-
ment also slowed down the activities of the enzymes 
compared to control treatment. Thymol fumigation was 
the best alternative to thymol dipping as no peculiar fla-
vor was found. Among essential oils, thymol is one of 
the registered food additives in the US Food and Drug 
Administration as safe for human consumption; there-
fore, thymol could be used a good alternative to replace 
 SO2 fumigation at the commercial level.
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