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Paddy straw mushroom (Volvariella spp.) was extensively cultivated and consumed in Vietnam. It was 
highly perishable after harvesting due to high respiration rate and enzymatic reaction, 
speciallypolyphenoloxidase. This enzyme was mostly responsible for pericarp browning appearance. 
The common traditional method to retard the discoloration in fruits and vegetables by enzymatic 
inactivation was the hot water blanching. Unfortunately, hot water blanching was not suitable for 
blanching straw mushroom to inactivate polyphenoloxidase because it would absorbed a lot of moisture 
and its structural appearance would become seriously broken under submersion. Dry blanching was 
very necessary to overcome this matter. Radio frequency heating was an innovative emerging 
alternative for food industry because of its excellent penetration depth, heat distribution and low energy 
consumption. This research evaluated the feasibility of radio frequency heating as dry-blanching in 
different values of electrode gaps (7.0÷15 cm) and blanching duration (3÷11 min) on polyphenoloxidase 
activity, texture firmness, vitamin C of mushroom. Results showed that radio frequency heating 
effectively inactivated polyphenoloxidase activity while maintaining the most texture firmness and vitamin 
C content. Shelf life of the treated samples extended for long stability on racks of supermarket. This 
research indicated that radio frequency heating as dry blanching should be widely implemented to keep 
its freshness during handling, distribution as well as preliminary processing before deep-processing into 
value-added products. 
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INTRODUCTION 

Paddy straw mushroom had unique flavour, 
aroma, delicacy; high content of protein, vitamins 
and minerals (Biswas, 2017). The fruiting body 
started with tiny clusters of white hyphal 
aggregates called primordia following by several 
morphological stages in the fruiting body 
development process. Paddy straw mushroom 
was very delicate in nature and highly perishable 
due to thin and porous epidermal structure as well 
as the respiration rate causing to pericarp 
browning and aril decay leading to shorten post-
harvest shelf life and degradation of commercial 

value (Warwick and Tsureda, 1997). It passed 
successive stages as button, egg, elongation and 
mature. Differentiation could be clearly noticed at 
the button stage. At maturity the buttons enlarged 
and umbrella like fruit bodies emerged after the 
rupture of the volva. Its commercial value went 
down at that time (Minh and Hang, 2019). Its shelf 
life was not over 3 days at ambient storage; 
therefore special care to retain freshness was 
very necessary (Lee, 1999).   

The polyphenoloxidase was a copper-
containing enzyme contributing to enzymatic 
browning of vegetables and fruits. Its activity can 
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be inhibited by chemical reagents, such as 
sulphites, ascorbic acid, and amino acids. 
However the residual chemical agents pose a 
threat to human health. Blanching was the most 
common and effective technique to control 
enzymatic browning and enzymatic inactivation in 
the food industry. Radio frequency heating was 
one of the most promising thermal techniques 
used electromagnetic energy at a frequency range 
of 3 kHz to 300 MHz and initiated volumetric 
heating due to frictional interaction between 
molecules (Jojo and Mahendran, 2013). The 
electromagnetic heating process was relatively 
quick and took place through the transmission of 
electromagnetic energy directly to the product. 
The heat was generated within the product 
without the need for heat transference (Datta and 
Davidson, 2000). Shorter wavelengths are 
associated with higher frequencies (Awuah et al. 
2015). The penetration depth of dielectric heating 
decreased as frequency increased (Wang et al. 
2003b). The long wavelengths of radio frequency 
are able to penetrate further into foodstuffs 
resulting in more even heating (Ammar et al. 
2019). Radio frequency heating was more suitable 
for thick fruits and vegetables (Hong-Wei et al. 
2017). The advantages of radio frequency heating 
included higher penetration depth and higher 
heating rate. Therefore, it could save processing 
time and improve food quality (Piyasena et al. 
2003). It could be applicable to eggs, meats, nuts, 
legumes, seeds, grains, seafoods, fruits and 
vegetables to inactivate microorganism and 
enzyme, control pest, temper, disinfestation  
owing to quick heating, low cost, deep thermal 
penetration, and better quality retention cited by 
many literatures (Wang et al. 2001; Ikediala et al. 
2002; Piyasena et al. 2003; Wang et al. 2003a; 
Birla et al. 2004; Zhang et al. 2004; Alholy et al. 
2005; Brunton et al. 2005; Drake et al. 2005; Guo 
et al. 2006; Luechapattanaporn et al. 2006; 
Hansen  et al. 2006; Schustergajzago et al. 2006; 
Lyng et al. 2007; Wang et al. 2007; Farag et al. 
2008; Manzocco et al. 2008; Tiwari et al. 2008; 
Farag et al. 2009; Fortune et al. 2010; Gao et al. 
2010; Lopez and Baganis, 2010; Wang et al. 
2010; Zhao et al. 2010; Farag  et al. 2011; Fiore 
et al. 2013; Sisquella et al. 2013; Hou et al. 2014; 
Sisquella et al. 2014; Uyar et al. 2014; Yang et al. 
2014; Hou et al. 2015; Liu et al. 2015; Llave et al. 
2015; Uyar et al. 2015; Ferrari-John et al. 2016; 
Hou et al. 2016; Huang et al. 2016; Jiao et al. 
2016; Nagaraj et al. 2016; Stefanoiu et al. 2016; 
Erdogdu et al. 2017; Geveke et al. 2017; Guo et 
al. 2017; Li et al. 2017; Palazoğlu and Miran, 

2017; Ranjan et al. 2017; Xu et al. 2017a; Xu et 
al. 2017b; Uemuraet al. 2017; Zhang et al. 2017; 
Zhao et al. 2017;  Zheng et al. 2017; Zhu et al. 
2017; Kou et al. 2018; Lyu et al. 2018; Chaofan et 
al. 2019).  

The conventional hot water blanching 
treatment effectively prevented the enzymatic 
browning reaction in fruits and vegetables. 
Unfortunately, this thermal treatment was not 
always suitable for blanching straw mushroom for 
polyphenol oxidase inactivation because it was 
easily absorbed water and damaged to structural 
property. Heating without water was essential to 
resolve this problem. Objective of our study 
evaluated the possibility of radio frequency 
heating as dry-blanching on various parameters of 
electrode gaps and blanching duration on 
polyphenol oxidase activity, texture firmness, 
vitamin C of paddy straw mushroom. 
 
MATERIALS AND METHODS 

Material 
Paddy straw mushroom bulbs were harvested 

in SocTrang province, Vietnam. They were 
cultivated following VietGAP standard to ensure 
food safety. After collecting, they were thoroughly 
rolled out to separate foreign matters. Chemical 
reagents were all analytical grade. 

Researching method 
Radio frequency blanching was conducted by 

a pilot scale free running oscillator radio frequency 
system. The system composed one generator and 
applicators with two rectangular electrodes 
arranged side by side. Different values of 
electrode gaps (7.0÷15 cm) and blanching 
duration (3÷11 min) on polyphenoloxidase activity, 
texture firmness, vitamin C of mushroom were 
investigated.  

Physicochemical analysis 
Firmness (N) was evaluated by texture 

analyzer. Polyphenol oxidase activity (U/ml/min) 
was determined by spectrophotometer according 
to the method of Zhang et al. (2018). Vitamin C 
(mg/100g) was determined by using a 2,6-
dichlorophenol indophenol visual titration method. 

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 Stat graphics 
Centurion version XVI. 
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RESULTSAND DISCUSSION 

Firmness 
The main purpose of blanching was to 

inactivate quality-changing enzymes responsible 
for deterioration reactions that contributed to off-
flavors, odors, undesirable color and texture, and 
breakdown of nutrients (Hong-Wei et al. 2017). 
Texture firmness was frequently used as a 
primary indicator to evaluate blanching process 
for acceptable product quality as 
consumer requirements (Nourian et al. 2003; Xiao 
et al. 2012). The softening of the final textural 
properties of the product was due to 
both turgor loss caused by cell 
membrane disruption and modifications in cell wall 
polymers, especially the pectic substances (Greve 
et al. 1994). In our research, the original firmness 
of paddy straw mushroom was 0.28 N. The 
statistical analysis revealed that both electrode 
gap and blanching duration had significant effect 
on the firmness retention of the treated paddy 
straw mushroom (table 1). Large temperature 
gradients generated within the samples during 
heating resulted in internal water vaporization, 
leading to textural damage of mushroom 
(Rodriguez-Lopez et al. 1999). Zhenna et al. 
(2018) examined the effects of radio frequency 
assisted blanching on polyphenol oxidase, weight 
loss, texture, color and microstructure of potato. 
Electrode gap had significant impact on firmness 
of the potato cuboids. 

Polyphenoloxidase 
Polyphenoloxidase was predominantly 

presented in the chloroplast of thylakoid 
membranes while phenolics were located in 
vacuoles (Spagna et al. 2005). Browning reaction 
occured naturally due to action of the enzyme 
polyphenol oxidase in the presence of oxygen on 
phenolic compounds and resulting in a brown 
compound called o-Quinones ( Al-Amrani et al. 
2020). o-Quinones polymerized nonenzymatically 
to produce heterogeneous deep dark polymers 
called melanin (Li et al. 2016). Polyphenoloxidase 
performed as a promoter for peroxidase activity 
because hydrogen peroxide which was a product 
of polyphenoloxidase reaction with phenolics was 
essential for peroxidase action. Peroxidase 
catalyzed oxidation of phenolics in the presence 
of hydrogen peroxide to form brown compounds 
(Tomas-Barberan and Espin, 2001). In our 
research, the original polyphenoloxidase activity 
of paddy straw mushroom was 24.39 U/ml/min. 

Our results revealed that electrode gap had no 
significant effect on the polyphenoloxidase 
inactivation while blanching duration had 
significant effect on the polyphenoloxidase 
inactivation of the treated paddy straw mushroom 
(table 2). Our findings were similar to others in 
different reports. Devece et al. (1999) explored 
the combining microwave heating at 85 °C for 
different times and then immediately immersed in 
a 92 °C water bath for 20 s. Results clearly 
showed that this blanching in 2 min completely 
inactivated polyphenol oxidase in mushroom. 
Zhenna et al. (2018) examined the effects of radio 
frequency assisted blanching on polyphenol 
oxidase, weight loss, texture, color and 
microstructure of potato. They showed that pure 
mushroom polyphenol oxidase was almost 
completely inactivated at 80 °C by radio frequency 
heating. The relative activity of potato polyphenol 
oxidase reduced to less than 10% with increasing 
temperature (25–85 °C). Polyphenol oxidase 
relative activity of mushroom decreased with 
increase in temperature from 50 to 70°C at all 
electrode gaps (Zhang et al. 2018). 

Ascorbic acid 
Ascorbic acid was water soluble prone for 

leaching from cells. It’s thermally labile, pH-, 
metal- ion-, and light-sensitive, and degradable by 
ascorbic acid oxidase (Uddin et al. 2001; Cruz et 
al. 2006). Stability of ascorbic acid after blanching 
was a good indicator for the preservation of other 
nutrients (Lin et al. 1998; Marfil et al. 2008). In our 
research, the original ascorbic acid content of 
paddy straw mushroom was 12.58 mg/100g. Our 
study showed that electrode gap and blanching 
duration had significant effect on the ascorbic acid 
retention of the treated paddy straw mushroom 
(table 3). 

Schustergajzago et al. (2006) explored the 
effect of radio frequency heat treatment on 
nutritional and colloid-chemical properties of 
different white mustard (Sinapisalba L.) varieties. 
Tiwari et al. (2008) studied water-assisted radio 
frequency heat treatment on the quality of 
persimmons. Radio frequency heat treatments 
provided the potential for disinfestation of 
persimmons with acceptable product quality. 
Sisquella et al. (2013) immersed stone fruit in 
water with radio frequency treatment to control 
brown rot. Radio frequency treatment at 20 °C for 
9 min significantly reduced brown rot incidence in 
both peaches and nectarines. Zhenna et al. 
(2017) treated potato cuboids by radio frequency 
blanching.  

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/off-flavour
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cell-membranes
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Amrani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=32190643
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Table 1: Firmness (N) of straw mushroom by radio frequency heating 

 

Blanching 
 duration (min) 

Electrode gap (cm) 

7.0 9.0 11.0 13.0 15.0 

3 0.21±0.01a 0.22±0.00a 0.24±0.03a 0.25±0.02a 0.26±0.00a 

5 0.20±0.03a 0.21±0.02a 0.23±0.01a 0.24±0.00a 0.25±0.03a 

7 0.18±0.00a 0.19±0.01a 0.21±0.02a 0.22±0.03a 0.23±0.02a 

9 0.17±0.02a 0.18±0.03a 0.19±0.00a 0.21±0.01a 0.22±0.00a 

11 0.15±0.01a 0.16±0.00a 0.17±0.03a 0.18±0.02a 0.20±0.01a 

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: polyphenol oxidase activity (U/ml/min) of straw mushroom by radio frequency heating 

 
Blanching  

duration (min) 

Electrode gap (cm) 

7.0 9.0 11.0 13.0 15.0 

3 10.27±0.02a 10.89±0.03a 11.12±0.01a 11.53±0.03a 11.79±0.00a 

5 6.82±0.03ab 7.03±0.01ab 7.76±0.00ab 7.98±0.01ab 8.23±0.03ab 

7 4.13±0.00b 4.52±0.02b 4.84±0.03b 5.01±0.00b 5.24±0.01b 

9 2.74±0.01bc 2.91±0.00bc 3.05±0.01bc 3.38±0.02bc 3.63±0.00bc 

11 0.81±0.00c 1.17±0.03c 1.49±0.00c 1.82±0.03c 1.99±0.02c 

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 3:Ascorbic acid (mg/100g) of straw mushroom by radio frequency heating 

 
Blanching  

duration (min) 

Electrode gap (cm) 

7.0 9.0 11.0 13.0 15.0 

3 9.75±0.03cd 9.97±0.01c 10.12±0.02bc 10.31±0.01ab 10.52±0.02a 

5 9.34±0.00de 9.56±0.02d 9.83±0.01cd 9.99±0.00c 10.18±0.01b 

7 9.02±0.01ef 9.13±0.00e 9.29±0.02de 9.41±0.03d 9.63±0.00d 

9 8.79±0.02fg 8.91±0.03f 9.12±0.00e 9.28±0.01de 9.44±0.02d 

11 8.55±0.00g 8.74±0.01fg 8.94±0.02f 9.12±0.00e 9.25±0.03de 

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%) 

The optimum radio frequency heating 
uniformity was obtained at an electrode gap of 
120 mm. Xu et al. (2017a) showed that the 
texture, water distribution, and rheological 
properties of N. sphaeroides under radio 
frequency heating were significantly lower than 
that in high pressure steam pasteurization. Xu et 
al. (2017b) proved that the combined sterilization 
effect of ZnO nanoparticles with radio frequency 
treatments was superior to ZnO nanoparticles or 
radio frequency heating treatment alone and 
extended the shelf life of prepared carrots up to 
60 days. The effect of radio frequency heating on 
the browning and firmness of C. militaris was 
evaluated and compared with those sterilized by 
conventional high‐pressure steam. C. militaris was 
pasteurized for 10, 20, and 30 min by 
radio‐frequency at an electrode gap of 20 mm. 
Radio frequency heating observed good heating 

uniformity, uniform temperature distribution, 
unnoticeable browning difference, insignificant 
differences in hardness and chewiness compared 
with unpasteurized ones, while those sterilized by 

high‐pressure steam presented undesired and 
unacceptable browning (Liang et al. 2018). 
Chuting et al. (2019a) proved that under radio 
frequency heating for 3.0–7.0 min at different 
electrode gaps 8.0–8.6 cm, peroxidase activity of 
carrot cubes was degraded by 90–95%, while 
retaining textural firmness, color and ascorbic acid 
content of carrots cubes much better than 
conventional blanching without generating of 
waste water.Chuting et al. (2019b) studied hot air-
assisted radio frequency simultaneously dry-
blanching and pre-drying of carrot cubes. It was  
better in vitamin C and firmness retention of carrot 
cubes. Kannan et al. (2019) investigated the effect 
of thickness (3, 6 and 10 mm) on quality of tomato 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ma%2C+Liang
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slices that were treated with a radio frequency 
radiation. The higher lycopene and total 
carotenoids content of 11.371±0.76 mg and 
16±0.82 mg were observed for 3 mm thickness, 
180 mm electrode height and 85°C temperature. 
Xueying et al. (2020) explored the optimum 
conditions of radio frequency blanching of apple 
slice. They concluded that electrode gap was of 
120 mm was optimal for heating rate. Hardness 
retention in apple slice by radio frequency was 
higher than hot water blanching. It required 111 s 
and 270 s to reach the target temperature (85 °C) 
in radio frequency and hot water blanching 
respectively. 

CONCLUSION 
The shelf life of straw mushroom was limited 

due to the enzymatic browning during storage. 
Inactivation of polyphenoloxidase that caused 
browning through thermal blanching was essential 
to avoid enzymatic browning. During radio 
frequency heating, heat was generated within the 
product due to molecular friction resulting from 
oscillating molecules and ions caused by the 
applied alternating electric field. Frequency level, 
temperature, viscosity, moisture content and 
chemical composition affected to the dielectric 
properties and the heating efficiency. The great 
advantage of radio frequency as dry blanching 
that it could save water consumption as well as 
avoiding waste water discharge. Therefore it could 
be considered as low-cost environmentally 
friendly solution for enzyme inactivation, textural 
and nutritional retention.. 
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