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ABSTRACT 
 

The effect of different concentrations of exogenous nitric oxide (NO) on increasing postharvest life and 
delaying senescence of kiwifruit was investigated. The fruits were immersed for 2 min with NO (0, 0.5, 1 and 
1.5 %) then stored at 1°C and RH 95%. Changes in weight loss, total soluble solids (TSS), titratable acidity 
(TA), vitamin C, total phenolics and antioxidant activity (%DPPHsc) were evaluated periodically with 7 days 
intervals during storage. The results showed that treatment with 1% NO significantly delayed the increase of 
soluble solids and decrease weight and maintained a high vitamin C, total phenol content, antioxidant capacity 
and TA of kiwifruit during storage. Thus application of NO may be a promising method for extending shelf-life 
and maintaining quality of kiwifruit. 
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Introduction 
 

It is well known that from the time of harvest 
quality declines and senescence in fruit and 
vegetables and many nutrients are lost rapidly, 
particularly if produce is not cooled effectively. This 
quality decline and senescence is show by 
morphological, biochemical and biophysical consist 
of loss of turgor and loss of important nutrients, such 
as sugar, vitamins and antioxidant components [11] 
degradation of nucleic acids and lipid fluidity in 
membranes [10]. Furthermore, it was also confirmed 
that reactive oxygen species (ROS) is involved in 
plant tissues [5]. Activated oxygen species (AOS) 
such as O2

- or H2O2 and their interaction product, 
hydroxyl radical (OH) degrade proteins, lipids and 
nucleic acids that leading to senescence [10]. Plant 
possesses a well-defined antioxidant defense system 
to protect themselves against these deleterious effects 
by scavenging ROS [5].  

Application of some exogenous chemical 
compounds, such as salicylic acid jasmonic acid and 
oxalic acid has been shown to effectively delay fruit 
senescence, enhance resistance and maintain quality 
of various fruit crops [12]. 

Nitric oxide (NO) is a highly reactive free 
radical gas known to be involved in response to 
stress and senescence of horticultural products [24]. 
Nitric oxide has recently been identified as a 
senescence-delaying agent, acting to reduce ethylene 
production thereby controlling rates of ripening in 
climacteric fruit as well as deterioration of flowers 

and vegetables [10]. Thus NO can also serve as an 
antioxidant under conditions of various stresses [26]. 

Several lines of study have shown that the 
protective effect of NO against abiotic stresses is 
closely related to the NO-mediated reduction of ROS 
in plants NO appears to serve as an antioxidant agent 
able to scavenge ROS to protect plant cells from 
ROS damage [21]. 

Short-term exposure to a low concentration of 
NO gas or its donor compounds has been shown to 
extend the postharvest life of various fruit and 
vegetables [24,9]. 

The kiwifruit is a climacteric fruit that is 
extremely responsive to low concentrations of 
ethylene, even at low temperatures. Kiwifruit 
maturity is generally judged by soluble solids content 
at harvest. Though soluble solids content of ripened 
fruit is a better measure of horticultural maturity, it 
has not been developed as an inspection procedure. 

The purpose of this work was to evaluate the 
effects of NO AA treatments on quality maintenance 
and delaying senescence kiwifruits during 
postharvest storage. 

 
Materials and Methods 
 

2.1 Plant material Kiwifruits (Actinidia deliciosa 
L.) were harvested at the commercially mature stage 
(TSS: 6.1) from an orchard in Rasht province, Iran. 
Fruits were selected for uniformity size and color and 
discarded any blemished or diseased fruits. The 
kiwifruit were treated by immersing in nitric oxide 
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solution (0, 0.5, 1, and 1.5%) for 2 min. then fruits 
were storage at 1C temperature for 10 weeks.  
 
2.2. Evaluation: 
 
2.2.1. Loss weight: 

 
Kiwifruits were weighed at the beginning of the 

experiment just after treatment, and thereafter every 
week during the storage time. Weight loss was 
expressed as the percentage loss of the initial total 
weight [1].  
 
2.2.2. Total soluble solids (TSS): 

 
Total soluble solid (TSS) contents were 

determined by extracting and mixing one drop of 
juice from each fruit into a refractometer [16].  
 
2.2.3. Titratable acidity (TA): 

 
Titratable acidity (TA) (expressed as tartaric 

acid) was determined by titration of 25ml filtrated 
juice by 0.1N NaOH up to pH of 8.3 [16]. 
 
2.2.4. Ascorbic acid: 

 
Ascorbic acid was determined according to the 

2, 6-dichlorophenolindophenol dye method [Huang 
et al.  2005]. Fresh fruit samples (10 g) were 
extracted by grinding in a mortar and pestle and 3% 
metaphosphoric acid (v/v) as a protective agent. The 
extract was made up to a volume of 100 mL and 
centrifuged at 3,000 g for 15 min at room 
temperature. 10-mL were titrated against 2, 6- 
dichlorophenolindophenol dye which had been 
standardized against standard ascorbic acid. Results 
were expressed as mg/100 g on a fresh weight (FW) 
basis. 
 
2. 2. 5. Total phenolics content (TPC): 

 
TPC were determined by the Folin– Cicalteau 

method as described by Singleton et al. [14], with 
minor modifications, according to colorimetric 
oxidation/reduction reaction of phenols. Polyphenols 
extraction was carried out by 10 ml 85% methanol 
added to 1 g fine powder of kiwifrut. To 50 μl of 
extract, 950 μl of sterile distilled water was added, 
and then 2.5 ml of Folin– Cicalteau reagent and 2 ml 
of % 7.5 sodium carbonate were added. The samples 
were shaked for 1.5 to 2 hours. The absorbance of 
samples was measured at 765 nm by a PG 
Instruments T80+ UV/VIS spectrophotometer. Gallic 
acid was used for calibration curve. Results were 
expressed as mg GAE/100 g FW. 
 
2.2.6. Total antioxidant capacity: 

 
The antioxidant activity was measured by the 

scavenging of 2, 2-diphenyl-2-picrylhydrazyl hydrate 
(DPPH) radicals according to Brand-Williams et al. 
[4] with minor modifications. In the presence of 
antioxidant the purple color intensity DPPH solution 
declined and the change of absorbance is followed 
spectrophotometer (PG Instruments ltd – T80+ 
UV/VIS) at 517 nm. Briefly, a 0.15 mM solution of 
DPPH in methanol was prepared. 2 ml of this 
solution was added to 1 ml of methanol extracts of 
kiwifruits. The content of the tubes were mixed and 
followed to stand for 30 min and absorbance was 
measured at 517 nm. The antioxidant activity is 
expressed in the form of the percentage of free 
radical scavenging 

 
2.3. Statistical analysis: 

 
The experiment was conducted using a 

completely randomized design with 3 replications. 
The recorded data were statistically analyzed 
(ANOVA analysis) using the software of SAS, 
sources of variation were different concentration of 
nitric acid and storage time as the factors Differences 
of least squared means were considered to be 
significant at P<0.01. 
 
Results: 
 
Loss weight: 
 

The changes in the loss weight were shown in 
Fig 1. The rapid decrease of loss weight was found in 
all treatments during storage. However, NO delayed 
weight decreases. So in this study, the lowest weight 
decrease was found in kiwifruit treated with 1% NO 
during storage (Fig 1) 
 
3.2. Total soluble solids (TSS): 

 
The changes of total soluble solids (TSS) in 

kiwifruits were summarized at Fig 2. TSS in all 
treatments showed an increasing trend during 
storage. Fruit treated with NO showed significantly 
delayed increase of total soluble solids in kiwifruits 
during storage. The highest TSS was found in Fruit 
treated with 1% NO during storage (Fig 2). 
 
3.3. Titratable acidity (TA): 

 
As shown in Fig 3, the contents of titratable 

acidity (TA) kiwifruit decreased during storage but 
treatment with NO maintained higher levels of TA. 
Fruit treated with 1% NO showed significantly 
delayed decrease of TA in kiwifruits during storage 
(Fig 3). 
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Fig. 1: Effect of different nitric oxide (NO) concentration on weight loss (%) of kiwifruit during storage at 1°C.  
            Vertical bars represent the average values with ±SE (n = 6). 
 

 
 
Fig. 2: Effect of different nitric oxide (NO) concentration on TSS (%) of kiwifruit during storage at  

    1°C. Vertical bars represent the average values with ±SE (n = 3). 
 

 
 

Fig. 3: Effect of different nitric oxide (NO) concentration on TA (%) of kiwifruit during storage at 1°C. Vertical  
            bars represent the average values with ±SE (n = 3). 
 
 
 



1905 
Adv. Environ. Biol., 6(7): 1902-1908, 2012 

 

 
3. 4. Vitamin C: 

 
The vitamin C content of kiwifruits decreased 

gradually during storage (Fig 4). Fruits treated with 
NO showed delayed decrease of vitamin C which 

indicated that NO treatment delayed the senescence 
of kiwifruit during storage. The vitamin C in 1 % NO 
treated fruits was significantly greater than that of 
other treatments (Fig 4). 

 
 
 

 
 
Fig. 4: Effect of different nitric oxide (NO) concentration on Vitamin C content of kiwifruit during storage at  
            1°C. Vertical bars represent the average values with ±SE (n = 3). 
 
3.5. Total phenolic content: 

 
The effect of NO on the total phenolic content of 

Kiwifruit is shown in Fig 5. It was found that the 
total phenol content of kiwifruits decreased during 

storage but in fruit treated showed significantly 
delayed decrease of total phenolic content during 
storage (Fig 5). Furthermore, the phenol content in 
1% NO-treated fruits was higher than that of fruits 
treated with other concentration (Fig 5). 

 

 
 
Fig. 5: Effect of different nitric oxide (NO) concentration on total phenolic content of kiwifruit during storage at  
            1°C. Vertical bars represent the average values with ±SE (n = 3). 
 
3.6. Total antioxidant capacity: 

 
The changes of total antioxidant capacity in 

kiwifruits during storage were summarized at Fig 6. 
It can be observed that higher total antioxidant 

capacity was obtained in NO-treated fruit during 
storage (Fig 6). Furthermore, the total antioxidant 
capacity in 1% NO-treated fruits was significantly 
higher than that of fruits treated with other 
concentration (Fig 5). 
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Fig. 5: Effect of different nitric oxide (NO) concentration on antioxidant capacity of kiwifruit during storage at  
            1°C. Vertical bars represent the average values with ±SE (n = 3). 
 
Discussion: 

 
Postharvest water loss can cause rapid 

deterioration in produce quality during storage. 
Previous studies have indicated that heat stress 
induced oxidative stress and senescence, which 
resulted in cellular membrane injuries in plant [1,18]. 
Accumulation ROS and ethylen production during 
storage caused membrane degradation [10]. It was 
found that NO could counteract oxidative damage 
and had protective effect against various stress 
conditions by inhibiting ethylene production and 
biosynthesis [23,12,24,29,7]. 

.Application of exogenous NO extended the 
postharvest life of strawberry [22], pear [19], 
broccoli, green bean, bok choy [17] and carnations 
[3].Therefore possibly NO via inhibition of cellular 
membrane destruction, reduce ROS level and 
ethylene production had led to decrease loss weight. 
 
4-1 Total soluble solids (TSS): 

 
Previous study showed that showed that NO 

treatment resulted in a delayed the increasing of TSS 
in mango and Chinese winter jujube fruits [25,27]. 
Zhu et al [28] also showed that NO treatment of 
kiwifruit delayed the decrease in TSS. They found 
that by inhibiting ethylene production, treatment with 
NO could delay the increase in TSS, thus helping to 
maintain kiwifruit quality [28]  
 
4-2 Titratable acidity: 

 
Duan et al. [7] showed that titratable acidity of 

flesh tissues of longan fruit decreased markedly after 
6 days of storage but Treatment with sodium 
nitroprusside (SNP), a NO donor, had no significant 
effect on the titratable acidity content 

The decrease of TA during storage of fruits and 
vegetables probably was related to use organic acids 
as respiratory substrates [20]. 
 

4-3 Vitamin C: 
 
Because NO appears to serve as an antioxidant 

agent able to scavenge ROS to protect plant cells 
from ROS damage [21,26,18,2] and reduction of 
respiration rate [13], and ethylene production 
[23,12,24,27,5] that lead to maintenance ascorbic 
acid during storage. Treatment with NO solution 
delayed the decrease of vitamin C in jujube [27] and 
longan [5] fruit which indicated that NO treatment 
delayed the senescence of this fruits during storage. 
 
4-4 Total phenol content: 

 
Phenolic compounds degradation associated 

with a loss of cellular compartmentation membrane 
integrity and enzymatic activities because of 
naturally synthesized enzymes by fruits and 
vegetables. However, when the membrane structures 
are damaged the oxidization of phenolics compounds 
becomes the major trend and phenolic compounds 
were decreased in cell [1]. Treatment with NO 
reduced the rate of ethylene production [29,5] and 
therefore could protect the cell membranes against 
ROS generated during storage (Zhu et al, 2008). 
Furthermore, treatment with NO possibly inhibited 
enzymes activity such as polyphenoloxidase in stored 
products that caused to inhibit the oxidation of 
phenols [26].  

Treatment with NO could delay softening and 
the decrease in total phenolic contents, thus helping 
to maintain Chinese bayberry fruit quality and 
antioxidant capacity. Similar results have also been 
reported for kiwifruit [28] and Chinese bayberry 
fruits [23].  
 
4-5 Antioxidant capacity: 

 
The accumulation of ROS resulting from an 

altered balance between ROS production and 
scavenging capacities will reduce the storage quality 
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and marketability of fruits and vegetables [10]. High 
activity of a 

ntioxidant compounds can reduced the 
accumulation of ROS, effectively alleviate oxidative 
damage, and delay senescence. [23]. NO may act as 
an antioxidant [5] The protective role of NO may be 
attributed to its mediating the expression of genes 
encoding these ROS-scavenging antioxidants under 
stress [15,12]. 

As antioxidant have been closely correlated with 
senescence in plants [10], increasing the activities of 
antioxidant compounds by NO treatment may be 
beneficial for extending postharvest life of fruit [12]. 
Beacause they are usually small molecules that are 
able to reduce free radicals by oxidizing themselves, 
the oxidised form still being stable [9].  

It has been reported that NO maintained 
significantly higher levels of antioxidant compounds 
and inhibited the increases of ROS production fruit 
decay in kiwifruit [28] and tomato [8].  

 
Conclusion: 

 
Treatment with 1% NO solution was associated 

with high contents of vitamins C, total phenol, 
antioxidant capacity and TA and also delayed 
increase of TSS in kiwifruit during storage. 
Therefore 1% NO treatment may be beneficial for 
extending postharvest life of fruit. 
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