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Introduction
Jiashi muskmelons (Cucurbitaceae, Cucumis melo L.) 

grow in desert climates. The fruit is famous for its delicious 
flavor and bright skin color, and is one of the most important 
fruits in southern Xinjiang, China. However, two major prob-
lems restrict the development of the melon industry. One is 
that the Jiashi melon production area is far from the main 
market and the other is extensive postharvest losses due to 
the fact that the melon has high water contents during sum-
mer harvest. Melon decay (30%) is mainly caused by the 
pathogenic fungi Alternaria alternata and Fusarium semi-
tectum. Currently, farmers spray large doses of pesticides to 
improve fruit output and avoid extensive postharvest decay, 
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and this seriously affects melon quality. Moreover, the po-
tential harmful effect on the environment and human health 
has prompted an urgent search for new alternative controls 
with no toxicity to non-target organisms (Eckert and Ogawa, 
1998; Janisiewicz and Korsten, 2002). Many strategies have 
been used to inhibit growth of the pathogens and minimize 
postharvest losses, such as refrigerated storage, cold storage, 
modified atmosphere storage, film preservation and plant 
bioactive compounds (Bi et al., 2005). Of course, any treat-
ment with suitable low temperature storage can produce ob-
vious preservation effects. 

Hydrogen peroxide (H2O2) is a well-studied oxidizing 
agent, directly toxic to pathogens. It has both bacteriostatic 
and bactericidal activity, due to its capacity to generate other 
cytotoxic oxidizing species, such as hydroxyl radicals (Alex-
andre et al., 2012; Ölmez and Kretzschmar, 2009). It is used 
as sanitizer of some food contact surfaces and packaging 
materials in aseptic filling operations at concentrations of 
1–5%. At higher concentrations (4–5%), H2O2 has antimicro-
bial efficiency. H2O2 is of great use in hydroponics and soilless 
gardening, is sometimes used for root initiation in cuttings, 

 Summary
The use of hydrogen peroxide (H2O2) as a potential 

postharvest treatment for Jiashi muskmelon (Cucur-
bitaceae, Cucumis melo L.) was investigated. Musk-
melon fruit were treated with 3, 4 and 5% (v/v) H2O2, 
placed into shelves, and stored at 6 ± 1°C and 80–90% 
relative humidity for 60 days. Physiological respons-
es, nutritional attributes and decay rates were eval-
uated. H2O2 treatment effectively inhibited respira-
tion and ethylene production rates, and delayed the 
decline of firmness, soluble solid concentration (SSC) 
and mass loss, and delayed changes in the contents 
of Vitamin C, titratable acidity, total phenolic sub-
stances, i.e., flavonoids and anthocyanin, and reduced 
postharvest decay in melons during storage. H2O2 

treatment also significantly enhanced activities of de-
fense-related enzymes peroxidase (POD), superoxide 
dismutase (SOD), catalase (CAT), polyphenol oxidase 
(PPO) and phenylalanine ammonia-lyase (PAL). These 
results suggested that H2O2 treatment might trigger 
several defense responses in muskmelon fruit against 
pathogenic infection and could be a viable alterna-
tive to conventional control of postharvest diseases 
and improvement of storage quality of horticultural 
products. In view of these promising results, further 
research is warranted to elucidate the mechanism of 
improving fruit quality and resistance to melon fruit 
decay by H2O2.
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Significance of this study
What is already known on this subject?
• Hydrogen peroxide (H2O2) is a well-studied 

oxidizing agent, directly toxic to pathogens. H2O2 
has antimicrobial efficiency. H2O2 is of great use in 
hydroponics and soilless gardening, is sometimes used 
for root initiation in cuttings, and has been applied to 
many plants and fresh fruit. 

What are the new findings?
• In this article, it was found that H2O2 delayed the 

climacteric, enhanced defense-related enzymes 
activities, obviously delaying the decline of firmness 
and weight loss. H2O2 treatment maintained melon 
quality attributes, and delayed changes in contents 
of Vitamin C, TA, total phenolic, flavonoids and 
anthocyanin, and reduced postharvest natural decay 
in melons during storage. 

What is the expected impact on horticulture?
• H2O2 treatment may contribute to new technology of 

storage and preservation after harvest and improve 
fruit quality and resistance to Jiashi melon fruit decay.
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and has been applied to many plants and fresh fruit. Ozaki et 
al. (2009) reported that application of H2O2 enhanced sweet-
ening in melon fruit. H2O2 treatment can improve the quality 
and extend the shelf-life of mushrooms (Sapers et al., 1999), 
and of eggplant and red pepper fruit (Fallik et al., 1994). In 
addition, H2O2 treatment can affect the activities of several 
defense-related enzymes and induce the accumulation of 
special substance in some plants which are known to par-
ticipate in defense mechanisms (Alexandre et al., 2012; Bi et 
al., 2005; Assis et al., 2001) and prevent pathogen infection. 

Currently, no information is available in the literature on 
the effects of H2O2 on postharvest physiological attributes 
and storage quality of melon. In searching for an alternative 
postharvest treatment, preliminary unpublished evidence 
was obtained that H2O2 treatment could effectively delay de-
cay of fruit stored at low temperature. The aim of this study 
was to investigate the effects of H2O2 treatment on physiolog-
ical attributes and quality maintenance of fresh fruit during 
storage at low temperature in detail.

Materials and methods
Jiashi melons (Cucurbitaceae, Cucumis L.) were picked 

from the melon plant foundation, Hami city, Uygur Autono-
mous Region, Xinjiang Province in China. Fruit without phys-
ical damage or infection were selected based on uniform size. 
Soluble solid concentration (SSC) was about 13–16%, and 
fruit mass about 3,000–3,500 g. Melons were stored in the 
laboratory at 6 ± 1°C and 80–90% relative humidity. 

Fruits were washed with distilled water to remove dust 
and other pollutants. Then, 1,000 fruit were divided into 
four groups of 250 each. For measurement of mass losses 
and natural decay rates changes a separate lot of 250 fruit 
were divided into two groups, and each group was further 
divided into three for application of different treatments. The 
samples were dipped in different concentrations of aqueous 
solutions of 3, 4 and 5% (v/v) of H2O2 for 3 min, fruit dipped 
in distilled water served as controls. After drying excessive 
water from the surface, fruit were placed for treatment in 
storage racks in a cold store at 4 ± 1°C and 80–90% relative 
humidity. Fruit were randomly selected from each treatment 
group at each respective storage period of 10, 20, 30, 40, 50 
and 60 d. 

After each respective 10 d, respiratory rates of samples 
were assayed by the method of Hu et al. (1993). For ethylene 
production, two fruit were randomly selected from each 
treatment, weighed, put into 15-L sealed containers and the 
air in containers was analyzed after 1 h. A 1-mL sample of 
the headspace gas was removed from the container by a sy-
ringe and injected into a gas chromatograph equipped with a 
flame ionization detector (FID) and glass column (3 mm x 1.0 
m, packed with cinnamene and di-vinyl-benzene, GDX-502, 
Shanghai, China). The experimental conditions were 105°C 
oven, 125°C injector and 250°C detector temperatures. The 
components were identified individually by comparing re-
tention times against standards, concentrations being deter-
mined by a regression equation calculated on four samples of 
standard concentrations. Experiments were conducted three 
times each, with two replications.

Flesh firmness was measured using a handheld pene-
trometer (Model GY-1, Mudanjiang Company, Town, China). 
Five samples were randomly selected from 250 stored fruits 
at each storage period 10 d. Flesh firmness of each fruit was 
measured four times, on opposing sides of the fruit equator. 
The skin was removed using a slicer to a cutting depth of 1 
mm, prior to being placed on a hard surface and held firm-

ly during testing (Watkins et al., 1981). SSC was measured 
using a manual refractometer (Model ATC-1 E, Brix 0–32%, 
ATAGO, Town, Japan). All measurements were done in trip-
licate. 

Vitamin C content was determined according to Tian 
et al. (2000) with modification. All experiments were per-
formed in triplicate. TA in the pulp was assayed using the 
method of Baddetto et al. (2005). Briefly, 10 g of puree was 
diluted with 90 mL of water, titrated with 0.1 N NaOH to pH 
8.1 and expressed as a percentage of citric acid. Contents of 
total phenolics, flavonoids and anthocyanin were measured 
according to Pirie et al. (1976) with modification. Melon fruit 
pulp (5 g) was extracted with 1% HCl–methanol (10 mL), the 
homogenate was filtered and washed, and the filtrate diluted 
with 1% HCl–methanol to 50 mL. Absorbance of the solution 
at 280 nm (A 280 nm) was measured for total phenolics, A 
325 nm for flavonoids, and A 600 nm and A 530 nm for an-
thocyanins. Total phenolics and flavonoid contents were ex-
pressed as A 280 nm and A 325 nm g-1 fruit pulp, respectively. 
Anthocyanin contents were expressed as the change of 0.1 
unit of difference between A 530 nm and A 600 nm.

For assessing peroxidase (POD) activity, 2.0 g of fruit 
tissue was homogenized on ice with 5 mL of 100 mmol L-1 
sodium acetate buffer (pH 5.5) containing 20 g L-1 polyvin-
ylpolypyrrolidine, the homogenate centrifuged at 12,000×g 
at 4°C for 20 min, and the supernatant used for the enzyme 
assay. POD activity was spectrophotometrically assayed ac-
cording to Vander et al. (1998) and expressed as A 470 min-1 
g-1 fresh mass (FM).

Phenylalanine ammonia-lyase (PAL) activity was assayed 
according to Assis et al. (2001) with slight modification. En-
zyme extract (1 mL) was incubated with 2 mL of borate buf-
fer (50 mM, pH 8.8) and 1 mL of l-phenylalanine (20 mM) 
at 37°C for 60 min. The reaction was stopped with 1 mL of 
1M HCl. PAL activity was determined by the production of 
cinnamate, which was measured by A 290 nm. The blank was 
the crude enzyme preparation mixed with l-phenylalanine 
with zero time incubation. Specific enzyme activity was de-
fined by the production of cinnamic acid per mass of fresh 
fruit flesh (nmol kg-1 s-1).

To measure catalase (CAT) activity, sample tissue (2.0 g) 
was homogenized on ice with 4 mL of 100 mmol L-1 sodium 
phosphate buffer (pH 7.5), containing 5 mmol L-1 dithio- 
threitol and 20 g L-1 polyvinylpyrrolidine, the homogenate 
centrifuged at 12,000×g for 20 min at 4°C, and the super-
natant used for the enzyme assays. CAT activity was deter-
mined according to Milosevic and Slusarenko (1996) and ex-
pressed as 0.01 * ΔOD240 min-1 g-1 FM. In addition, Superoxide 
dismutases (SOD) activity was assayed according to Zhu et al. 
(2010) by measuring the ability of the enzyme to inhibit the 
photochemical reduction of nitro-blue tetrazolium (NBT). 
One unit of SOD activity was defined as the amount of en-
zyme that inhibited 50% of the photochemical reduction of 
NBT.

Polyphenol oxidase (PPO) activity was measured at 30°C 
and determined by monitoring the increase rate of absor-
bance at 398 nm, according to the methodology of Tian et al. 
(2005). PPO activity was expressed as U kg-1, where one (1) 
U was expressed as the increased rate of absorbancy of fruit 
FW-1 min-1.

Fruit weight loss and natural decay were determined on 
30 fruit of each treatment group at each storage time. Each 
sample was measured in triplicate. On each fruit, decay was 
assessed by measuring the extent of decayed area as 0, no 
decay; 1, < ¼ decay; 2, ¼ – ½ decay; and 3, ½ – ¾ decay. 
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Figure 1.  Effects of different hydrogen peroxide concentrations (3%, 4%, 5% v/v) (distilled water served as control) on 
postharvest respiration rates (a) and ethylene production (b) of melon fruit during storage. Bars represent standard errors of 
the mean with three replications.

Table. 1.  Effects of different hydrogen peroxide concentrations on vitamin C, titratable acidity, total phenolic content, 
flavonoids content, anthocyanin content during storage.

Treatments 0 day 10 day 20 day 30 day 40 day 50 day 60 day
Vc (mg/100 g FW)

ck 33.97±1.20 25.36±1.02 17.87±0.95 15.76±0.95 11.18±0.85 8.61±0.56 5.43±0.50
3% H2O2 36.09±1.20 28.44±1.05 23.46±1.06 21.39±0.98 17.82±0.95 12.08±0.80 7.19±0.51
4% H2O2 31.02±1.06 26.84±1.03 21.66±1.02 19.80±0.95 16.86±0.92 14.40±0.86 8.54±0.58
5% H2O2 34.89±1.19 27.04±1.06 22.70±1.01 20.27±1.01 15.30±0.86 12.01±0.78 7.22±0.57

Titratable acidity (g/L malic acid)
ck 0.18±0.01 0.20±0.01 0.18±0.01 0.16±0.01 0.14±0.01 0.13±0.01 0.10±0.01
3% H2O2 0.21±0.02 0.24±0.02 0.21±0.01 0.19±0.01 0.17±0.01 0.18±0.01 0.19±0.02
4% H2O2 0.22±0.02 0.25±0.03 0.24±0.02 0.25±0.02 0.23±0.02 0.22±0.02 0.20±0.02
5% H2O2 0.24±0.02 0.26±0.02 0.25±0.02 0.25±0.02 0.24±0.02 0.23±0.02 0.21±0.02

Total phenolic content (U/g FW)
ck 0.74±0.03 0.86±0.04 1.15±0.03 1.28±0.03 1.13±0.04 1.02±0.03 0.82±0.03
3% H2O2 0.73±0.03 0.97±0.05 1.27±0.06 1.38±0.04 1.22±0.03 1.13±0.04 1.01±0.03
4% H2O2 0.72±0.03 1.02±0.06 1.30±0.05 1.47±0.04 1.25±0.05 1.22±0.05 1.06±0.03
5% H2O2 0.74±0.03 1.14±0.06 1.47±0.05 1.53±0.05 1.36±0.05 1.29±0.05 1.17±0.05

Flavonoids content (U/g FW)
ck 0.34±0.03 0.41±0.03 0.48±0.04 0.56±0.05 0.54±0.03 0.41±0.03 0.32±0.03
3% H2O2 0.36±0.02 0.42±0.03 0.49±0.04 0.63±0.05 0.57±0.04 0.49±0.04 0.43±0.03
4% H2O2 0.33±0.03 0.48±0.04 0.55±0.05 0.67±0.05 0.58±0.04 0.51±0.04 0.47±0.04
5% H2O2 0.35±0.03 0.44±0.03 0.51±0.03 0.64±0.05 0.62±0.05 0.47±0.03 0.48±0.04

Anthocyanin (U/g FW)
ck 0.020±0.001 0.026±0.002 0.035±0.003 0.038±0.003 0.028±0.002 0.015±0.001 0.008±0.001
3% H2O2 0.019±0.001 0.030±0.003 0.036±0.003 0.042±0.004 0.034±0.003 0.027±0.002 0.022±0.002
4% H2O2 0.020±0.001 0.034±0.003 0.043±0.004 0.045±0.004 0.037±0.003 0.028±0.002 0.023±0.002
5% H2O2 0.021±0.002 0.031±0.003 0.038±0.003 0.043±0.004 0.037±0.003 0.029±0.002 0.023±0.002

Note: All data are the means ± SD, n=3.
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The decay index was calculated using the following formula

[(1 × N1) + (2 × N2) + (3 × N3) × 100/(3 × N)] (1)

where N is the total number of fruit measured and N1, N2 and 
N3 were the number of fruit showing the different degrees of 
decay. Mass loss was calculated by the following formula: 

[(A – B)/A] × 100 (2)

where A is the fruit mass just before storage and B is the fruit 
mass after the specific storage period.

The results were statistically evaluated by one way anal-
ysis of variance (ANOVA) using the software Microcal Origin 
7.5 (Microcal Software, Inc., Northampton, MA). Statistical 
differences with P < 0.05 were considered significant. 

Results

Effects of H2O2 on respiration rates and ethylene 
production

In the control group, melon reached the climacteric at 30 
d of storage, the highest value was 18.9 mg CO2 kg-1 h-1 (Fig-
ure 1). In the H2O2 treatments, the melons reached climacter-
ic at 40 d of storage, the value was 17.0, 16.7 and 17.05 mg 
CO2 kg-1 h-1, respectively. In addition, respiratory activity was 
lower in H2O2-treated melons. These effects increased with 
treatment concentration. 

The Jiashi melons treated with H2O2 also had a delayed 
pre-climacteric period with low ethylene and respiration 
rate. The 4% H2O2 treatment most effectively delayed the fruit 
respiratory peak and reduced ethylene production during 
storage. H2O2 treatment delayed the increase in ethylene pro-
duction (Figure 1). The ethylene production of treated fruits 
was highest (139, 136 and 134 µL kg-1 L-1) during storage for 
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Figure 2.  Effects of different hydrogen peroxide concentrations (3%, 4%, 5% v/v) (distilled water served as control) on melon 
firmness (a), soluble solid concentration (b), mass loss (c), decay rate (d) during storage. Bars represent standard errors of 
the mean with three replications.
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30 d, while it had the highest level (143.2 µL kg-1 L-1) during 
storage for 20 d. However, there were no differences in maxi-
mum ethylene production among H2O2 treatments.

Effects of H2O2 on firmness and soluble solid content 
(SSC)

Postharvest application of H2O2 retarded the decline at 
harvest and during storage. Firmness was also maintained 
at high levels in fruit treated with different H2O2 concentra-
tions. Firmness of the fruit treated with 3, 4 and 5% H2O2 

was 2.64, 2.4 and 2.1 kg cm-2, respectively, and was higher 
(P < 0.05) than that in the control fruit (0.66 kg cm-2) after 
60 d of storage. Treatment with 3% H2O2 most effectively re-
tarded the decline of fruit firmness during the entire storage 
(Figure 2a). However, there was no significant difference in 
effect between 3 and 4% H2O2 concentrations. 

The SSC of the melon fruit showed significant differences 
among the different H2O2 treatments and controls. The high-
est SSC value of 10.5% was obtained from the 4% H2O2-treat-
ed fruits, followed by the 3% and 5% H2O2 treatments, with 
9.9 and 9.5%, respectively, while the minimum SSC in con-
trols was 7.5% (Figure 2b). 

Effects of H2O2 on titratable acidity (TA) and contents of 
vitamin C, total phenolics, flavonoids and anthocyanins 

Vitamin C content in melon fruit gradually decreased 
during storage, and this reduction was effectively inhibited 
by 3, 4 and 5% H2O2 treatments (Table 1). The 4% H2O2 treat-
ment had a significant effect on vitamin C content also after 
60 d of storage compared with the control. However, there 
were no significant differences of the effect on vitamin C con-
tent among 3, 4 and 5% H2O2 treatments.

TA of controls and of fruit treated with H2O2 of 3, 4 and 
5% was 0.19, 0.20 and 0.21 g L-1 higher than that in controls 
after 60 d of storage, respectively (Table 1). There was a clear 
difference between controls and H2O2-treated samples.

Total phenolics content in melon samples initially in-
creased and then decreased toward the end of the storage 
period (Table 1). The total phenolics contents of H2O2 treat-
ments decreased more slowly than in control fruit; however, 
there was no significant difference between H2O2 treatments.

Flavonoid contents of both the H2O2-treated and control 
fruit pulp samples increased during the first 30 d of storage 
and then decreased slowly (Table 1).

Anthocyanin content in melons increased up to 20 and 
30 d of storage, and then decreased with further storage time 
(Table 1). The differences in anthocyanin contents of melon 
were detected when 4% H2O2 was used and decreased slowly. 

Application of H2O2 treatments retarded the weight loss 
of melon fruit during storage compared to controls. There 
was an added benefit to the control of weight loss by increas-
ing concentration of H2O2 from 3 to 5% (Figure 2c).

The decay index of melon fruit in the controls was higher 
than those treated with H2O2 when stored for 60 d (Figure 
2d). All H2O2 treatments had markedly decreased decay in-
dexes (P < 0.05) and H2O2 treatment had the best effect on 
decay control. Decay rate in fruit treated with 3, 4 and 5% 
H2O2 was 16, 13 and 17% lower (P< 0.05) than the control 
value of 18.4% after 60 d of storage, respectively (Figure 2d). 

Effects of H2O2 on POD, PAL, CAT, SOD and PPO activities
Activities of POD remained high in H2O2-treated fruit 

during the whole storage period. POD activity in the 
H2O2-treated fruit was 1.69, 1.79 and 1.87 U g-1 FW, which 
was higher (P < 0.05) than for controls (1.4 U g-1 FW) after 60 

d of storage, respectively (Figure 3a). Treatment with H2O2 
induced a decrease in POD activity with storage time, with no 
significant difference in POD activity of fruit treated with 3, 4 
and 5% H2O2. There were no significant differences between 
H2O2-treated fruit and non-treated samples.

PAL activity initially increased and reached a climax val-
ue of 5.96, 6.19, 6.09 and 5.55 U g-1 FW after 30 d in treated 
and control fruit, and then fluctuated during storage time in 
all treatments. 

CAT activity increased in control and H2O2-treated fruit, 
increasing up to 30 d and then decreasing with time. At the 
end of storage, CAT activities were 0.16, 0.17 and 0.15 U g-1 
FW in fruit treated with 3, 4 and 5% H2O2, respectively. These 
were higher than the control value of 0.13 U g-1 FW.

During storage, SOD activity in H2O2-treated fruit, and 
significantly increased before 30 d of storage (Figure 3d). 
The SOD activity in fruit treated with H2O2 (3%, 4%, 5%) was 
10.9, 16.4 and 22.7% (P < 0.05) greater than in controls at 
harvest and at 30 d of storage (Figure 3d), respectively. The 
SOD activity was highest for the 5% H2O2 treatment. During 
30–50 d, SOD activity gradually decreased and then slowly 
increased. 

PPO activity in treated fruit increased during storage 
time and reached respective maxima at 10 d in 3, 4 and 5% 
H2O2, while the maximum for control appeared at day 20.

Discussion
Muskmelon after harvest has much higher disease rates 

than the melon in the field. Most of the postharvest losses 
of melon fruit are attributed to decay mainly caused by A. 
alternata and F. semitectum, via latent infection during the 
fruit growing period or through lenticels or tiny wounds on 
the fruit surface after harvest. Yair et al. (1994) reported that 
H2O2 treatment could inhibit mycelial growth of two common 
fungi (Fusarium sp. and A. alternata) in muskmelon. Sapers 
and Sites (2003) found that using 1% H2O2 to clean apple 
and muskmelon surfaces decreased the surface carrier rate 
to 3 log units. The present study did not show whether H2O2 
treatment directly affected induction of disease resistance in 
melon fruit. However, these facts together with evidence in 
the present study suggested that increased activities of SOD, 
PAL, CAT, POD and PPO in fruit induced by H2O2 might pos-
sibly be beneficial to disease resistance during storage (Bi et 
al., 2005; Aharoni et al., 1996 ). 

In high plants, POD is considered to be associated with 
disease resistance as POD could generate phenolic cross-
links connecting neighboring biopolymer chains. POD cat-
alyzes the formation of lignin in the cell wall that helps to 
reinforce the cell structure to barrier disease development 
(Vander et al., 1998; Milosevic et al., 1996). SOD and CAT are 
two main antioxidant enzymes that help fruit tissues to scav-
enge reactive oxygen species (ROS), and thereby to prevent 
oxidative stress during storage (Devi and Prasad, 1996).

PPO acts as a defensive enzyme and plays a key role in the 
defense system in fruit (Mayer and Harel, 1991; Wang et al., 
2004). In our previous research, we have reported that H2O2 
treatment inhibited the progress of Alternaria rot in harvest-
ed melon fruit due to inducing an increase in defense-related 
enzyme such as POD, PPO, and PAL.

Decay caused by Alternaria alternata and Fusarium sem-
itectum may be the secondary symptoms that appeared on 
the chilling sunken spot. In this research, we have not found 
any other symptoms of chilling injury in the Jiashi melon 
treated with H2O2. That is to say, postharvest hydrogen per-
oxide would alleviate chilling injury and inhibit postharvest 
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decays of Jiashi melon fruit during storage, and the shelf life 
can be extended to 2 months, even more. It would provide 
an alternative approach for commercial application in stor-
age of melon fruit. Further research that H2O2 indirectly or/
and directly affects mechanisms of disease resistance in fruit 
during storage should be addressed.

Conclusion
The appropriate H2O2 solution induced melon fruit en-

hanced some defense enzymes activity such as POD, SOD, 
PAL, CAT and PPO. Thereby, H2O2 treatment maintained mel-
on quality attribute, delayed changes in contents of Vitamin 
C, TA, total phenolic, flavonoids and anthocyanin, and re-
duced postharvest decay during storage. This study showed 
that H2O2 treatment delayed the increase in respiration rate, 
and with H2O2 solutions of 4% was more effective in reducing 
the decay of melons than washing with 3% and 5% H2O2 or 
solely water (controls). The main reason for this might be the 
enhancement of the activities of relevant defense enzymes 
and the maintenance of a high total phenolic content provid-
ing strong antioxidant capacity.
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