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Longkong (Lansiumsp.) fruit is highly susceptible to rotten and chilling injury at low temperature and high 
humidity due to oxidative shock. Thermal treatment has been demonstrated to improve chilling injury 
resistance. This research evaluated the thermal treatment of the mature longkong fruit at 44 oC for 3 
minutes in incubator and consequently subjected to 21 days of preservation at 4 oC to physical 
parameters (weight loss, firmness), chilling injury index and physiological indicators (electrolyte leakage,  
malondialdehyde), antioxidant enzyme activities (superoxide dismutase, catalase, ascorbate 
peroxidase). Results showed that thermal incubation of longkong fruit effectively retarded weight loss; 
maintained firmness; limited chilling injury score; low electrolyte leakage,  malondialdehyde content; low 
amount of superoxide dismutase, catalase, ascorbate peroxidase emission. Thermal treatment had been 
recommended to be an effective approach in shelf-life extension of longkong fruit. 

Keywords: Antioxidant enzyme, chilling injury, longkong, physical, physiological, thermal incubation 

 
INTRODUCTION 

Metabolic dysfunctions induced at cool 
temperature impair ripening, deficiency of flavor 
and aroma, pitting, pericarp browning, tissue 
damage, membrane leakiness, accumulation of 
dry texture, susceptable to mechanical damage, 
and microbial infections (Sandra and Elizabeth, 
2014). Serious pericarp black spot, fruit 
separation, weight loss, off-flavor and chilling 
injury are major symptoms in post-harvest of 
longkong fruit especially in distribution and 
preservation when it’s stored between 10 and 15 
◦C (Karthikeyan, 2016). It could be due to the 
effect of oxidoreductase enzymes 
(Venkatachalam and Meenune, 2012). 
Inappropriate temperature (too cool and hot) and 
high humidity are the main matters inducing the 
most quality degradation in longkong fruit, 
subsequently to severe damage (Karthikeyan et 
al. 2015; Venkatachalam and Meenune, 2012).  

Longkong (Lansium sp.) fruit is one of the 

most important crop in Vietnam and other 
countries. It belongs to the Meliaceae family 
(Chiruvella et al. 2014). It is highly valued by its 
unique nutritional and organoleptic attributes 
(Paull et al. 1987; Karthikeyan et al. 2015). 
Antioxidant, anti-ageing, pharmacological and 
antimicrobial characteristics are major therapeutic 
benefits from consuming this valuable fruit 
(Manosroi et al., 2012).  Longkong fruit contains 
numerous bioactive constituents such as 
polyphenolics, flavonoids and vitamins (Lim et al., 
2007; Tilaar et al. 2008). Keeping longkong fruit at 
18◦C and 85 to 90% relative humidty could retard 
the black spot, prolonging its stability (Lichanporn 
et al. 2008; Venkatachalam and Meenune, 2012). 
Meenune et al. (2013) noticed that longkong fruit 
treated with 20 μmol/L methyl jasmonate 
effectively limited chilling injury on pericarp. 
Venkatachalam and Meenune (2015) realized that 
longkong fruit fumigated with methyl jasmonate(30 
μmol/L) and preserved at 13 ◦C slow down 
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chilling-induced pericarp ion leakage and fruit 
firmness loss. 

Thermal treatment has been considered as 
one of the most the innovative postharvest 
solutions to manage chilling injury. Thermal 
treatment has been proven to effectively control 
fungal diseases and pest infestation (Sandra and 
Elizabeth, 2014). Hot water treatent showed 
limited vulnerability in cells and organelles of the 
pericarp tissue during chilling preservation (Yang 
et al. 2009). Less electrolyte leakage, respiration 
rate, and chilling injury appearance were 
noticeable remarks after applying hot water 
treatment (Luengwilai et al. 2012; Cruz-Mendivil et 
al. 2015). This thermal approach was also 
demonstrated to enhance antioxidant enzyme 
activities. Hot water treatment at 42°C for 5 min 
minimized the chilling injury in tomato during 15 
days of chilling storage at 5 oC (Cardenas-Torres 
et al. 2020). Objective of our study examined the 
thermal treatment of the mature longkong fruit at 
44 oC for 3 minutes in incubator and consequently 
subjected to 21 days of preservation at 4 oC to 
physical parameters (weight loss, firmness), 
chilling injury index and physiological indicators 
(electrolyte leakage,  malondialdehyde), 
antioxidant enzyme activities (superoxide 
dismutase, catalase, ascorbate peroxidase). 
 
MATERIALS AND METHODS 

2.1 Material 
Longkong fruits were harvested in KeSach 

district, SocTrang province, Vietnam. They were 
sorted by shape uniformity without any damage. 
They should be moved to laboratory quickly and 
ready for experiements. Chemical reagents were 
all analytical grade. 

2.2 Researching method 
Longkong fruits were separated into two 

groups: (1) store at 4 oC for 21 days in 85% 
relative humidity as control; (2) keep at 44 oC for 3 
minutes by forced air in incubator and 
consequently subjected to 21 days of preservation 
at 4 oC in 85% relative humidity. In 7 day-interval, 
fruits were taken to measurephysical parameters 
(weight loss, firmness), chilling injury index and 
physiological indicators (electrolyte leakage,  
malondialdehyde), antioxidant enzyme activities 
(superoxide dismutase, catalase, ascorbate 
peroxidase). Weight loss (%) was estimated via 
comparision of initial weight and interval weight 
during storage. Firmness (N) was measured by 
penetrometer. Chilling injury index was evaluated 

according to procedure proposed by Vega-García 
et al. (2010). Electrolyte leakage (%) was 
measured according to procedure proposed by 
Zhao et al. (2009). Malondialdehyde content 
(µmol/kg) was evaluated according to procedure 
proposed by Hodges et al. (1999). Superoxide 
dismutase (U 106/kg) was measured by method 
described by Wu et al. (2008). Catalase (mol/kg.s) 
was evaluated by method proposed by Aebi 
(1984). Ascorbate peroxidase (mol/kg.s) was 
quantified by procedure illustrated by Nakano and 
Asada (1987). 

2.3 Statistical analysis 
The experiments were run in triplicate with 

different groups of samples. The data were 
presented as mean±standard deviation. Statistical 
analysis was performed by the Statgraphics 
Centurion version XVI. 
 
RESULTS AND DISCUSSION 

3.1 Effectiveness of thermal incubation to 
physical quality of longkong fruit during 
storage 

Longkong is a non-climacteric fruit. At maturity 
it has a minor increasing in respiration rate, 
meanwhile at full maturity, the respiration rate 
goes down gradually (Siriphanich, 2002; 
Lichanporn et al. 2008). Weight loss (%) and 
firmness (N) of the control and treated longkong 
fruits were clearly presented in table 1. It’s 
obviously noticed that thermal treatment 
significantly reduced weight loss while firmness 
was greatly conserved. Weight loss was strongly 
correlated to moisture removal by dehydration 
(Henriquez et al. 2005; Akbudak et al. 2007). High 
temperature and low relative humidity significantly 
induced respiration rate leading to much more 
weight loss. Chilling injury was reported to be 
related to physiological disorder stimulating the 
high respiration rate (Luengwilai et al. 2012). 
Firmness degradation derived from 
depolymerisation andsolubilisationcaused by 
enzymes such as cellulase, polygalacturonase, 
and xylanase (Prasanna et al. 2007; Romero and 
Rose, 2019). Our findings were similar to others in 
different reports (Lurie and Sabehat 1997; 
Henriquez et al. 2005). Decaying organisms 
involed inloss of firmness in longkong  fruit 
(TechavuthipornandKaewsuksaeng, 2010). Wang 
et al. (2012)proved that banana immersed in hot 
water at 52°C for 3 min and preserved in cold 
storage (7°C) for 6 h exhibited significantly better 
quality than the control bananas.Luengwilaiet al. 
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(2012) applied hot water at 40°C for 7 min to 
control chilling injury in tomato. Bassal et al. 
(2011) noticed that oranges immersed in hot 
water at 41°C for 20 min reduced chilling injury by 
up to 16%, decreased weight loss. ‘Gros Michel’ 
fruit treated by hot water at 50°C for 10 min 
preserved higher pulp firmness compared to 
control fruit (Ummarat et al. 2011). Cectarines 
treated with hot water immersion at 48° C for 12 
min followed by storage at 0°C for 2 weeks had 
better firmness (Jemric et al. 2013). Hot air 
treatment at 38°C for 4 days combined with a 
chitosan coatinghas been used to delay softening 
of apple (Shao et al. 2012). 

3.2 Effectiveness of thermal incubation to 
chilling injury index and physiological 
indicators of longkong fruit during storage 

Chilling injury index and physiological 
indicatior (electrolyte leakage,  malondialdehyde) 
of the control and treated longkong fruits were 
reported in table 2. It’s obviously noticed that 
thermal treatment significantly reduced chilling 
injury index, electrolyte leakage and 
malondialdehyde. Tomato subjected to hot water 
treatment and further cool storage had low chilling 
injury index, membrane damage (electrolyte 
leakage) and lipid peroxidation (malondialdehyde 
content) (Cardenas-Torres et al. 2020). Our 
findings were similar to others in different reports 
(Yang et al. 2009; Luengwilai et al. 2012; Cruz-
Mendivil et al. 2015; Zhang and Tian, 2010). 
Longkongpericarp was rich in polyphenols 
involving in enzymatic browning 
(Venkatachalamand Meenune, 2015). 

Techavuthiporn et al. (2010) proved that longkong 
fruit preserved at 4 ◦C had chilling injury-induced 
pericarp discoloration. Venkatachalam and 
Meenune (2012) presented that longkong fruit 
stored at 13 ◦C and 85% RH for 16 days resulted 
serious chilling-induced pericarp darkness. Hot 
water treatment (47 ◦C for 3 min) combined with 
prochloraz (750 ppm for 3 min) could effectively 
control decay in longkong fruit during postharvest 
(Sangchote et al. 2012).  Ma et al. (2014) 
implemented hot water for 10 min at 35 and 45°C 
treatments enhanced fruit quality, limiting 
malondialdehyde content, lipoxygenase activity. 
Peel spotting on banana was inhibited by hot air 
at 42°C for 6-24 h (Kamdee et al. 2009). 

3.3 Effectiveness of thermal incubation to 
antioxidant enzyme activities of longkong fruit 
during storage 

Antioxidant enzyme activities (superoxide 
dismutase, catalase, ascorbate peroxidase) of the 
control and treated longkong fruits were presented 
in table 3. It’s obviously noticed that thermal 
treatment significantly increased superoxide 
dismutase, catalase, ascorbate peroxidase 
activities. Zhang et al. (2013) proved that 
superoxide dismutase activity was increased in 
tomato during cool storage. Hot water treatment 
increased superoxide dismutase, catalase, 
ascorbate peroxidase activities during the cool 
storage at 5°C (Cardenas-Torres et al. 2020). Our 
findings were similar to others in different reports 
(Ding et al. 2015; Zhao et al. 2009; Zhang et al. 
2013).  

 
Table 1: Weight loss (%) and firmness (N) of treated longkong fruit during 21 days of storage at 4 

oC 
Storage (days) Treatment 7 14 21 

Weight loss (%) Control 1.13±0.01b 3.45±0.02ab 6.71±0.00a 

Incubated 0.24±0.03b 0.89±0.01ab 1.26±0.02a 

Firmness (N) Control 2.59±0.00a 2.02±0.03ab 1.48±0.01b 

Incubated 2.96±0.02a 2.75±0.00ab 2.51±0.03b 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 

 
Table 2 :Chilling injury index, electrolyte leakage (%), malondialdehyde content (µmol/kg) of 

treated longkong fruit during 21 days of storage at 4oC 
Storage (days) Treatment 7 14 21 

Chilling injury index 
Control 0.34±0.03b 0.67±0.00ab 0.83±0.01a 

Incubated 0.12±0.00b 0.15±0.01ab 0.17±0.02a 

Electrolyte leakage (%) 
Control 17.39±0.04b 25.51±0.03ab 37.40±0.05a 

Incubated 11.05±0.03b 12.66±0.02ab 13.71±0.01a 

Malondialdehyde 
(µmol/kg) 

Control 14.23±0.04b 19.78±0.01ab 27.54±0.00a 

Incubated 8.64±0.02b 9.15±0.03ab 9.67±0.01a 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
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above), the difference between them was not significant (α = 5%). 
Table 3: Chilling injury index, electrolyte leakage (%), malondialdehyde content (µmol/kg) of 

treated longkong fruit during 21 days of storage at 4 oC 
 

Storage (days) Treatment 7 14 21 

Superoxide dismutase (U 106/kg) Control 76.26±0.05a 51.12±0.04ab 40.34±0.00b 

Incubated 109.59±0.03a 101.97±0.02ab 97.82±0.01b 

Catalase (mol/kg.s) Control 0.47±0.01a 0.26±0.00ab 0.11±0.02b 

Incubated 0.72±0.00a 0.69±0.01ab 0.60±0.00b 

Ascorbate peroxidase (mol/kg.s) Control 1.16±0.03a 0.64±0.03ab 0.34±0.02b 

Incubated 1.93±0.01a 1.87±0.02ab 1.75±0.03b 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 

 
Superoxide dismutase, glutathione peroxidase 

and catalase activities accelerated in longkong 
fruit maturation (Karthikeyan, 2016). Peaches 
treated with hot air at 38°C for 12 h with 1 mol/L 
methyl jasmonate prior to storage at 0° C for 3-5 
weeks induced superoxide dismutase (Jin et al. 
2009). Bassal et al. (2011) noticed that oranges 
immersed in hot water at 41°C for 20 min 
increased more catalase activity. 

CONCLUSION 
Longkong fruit has excellent taste and 

pleasant aroma. Susceptible pericarp 
discoloration, degradation of freshness and 
firmness in handling and distribution in market are 
the popular obstacles for longkong fruit. Chilling 
injury directly affects flavor and nutritional 
composition leading to the degradation of 
commercial value of longkong fruit. Thermal 
treatment effectively controls chilling injury of 
longkong fruit by incubating at 44 oC for 3 minutes 
in incubator and consequently subjected to 21 
days of storage at 4 oC. Thermal incubation may 
minimize chilling injury and rotten, without 
impairing physico-chemical attributes. 
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