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Abstract:  The effects of megasonication (MS) with electrolysed oxidising (EO) water (MS/EO 
treatment) on Fusarium sp. which causes postharvest decay of pineapple cv. Phu Lae were 
investigated. Spore suspensions containing 105 conidia mL-1 and 1 cm mycelium discs of Fusarium 
sp. were subjected to MS (1 MHz) in EO water with available free chlorine at 100 ppm for 10 min., 
and compared with non-treated control samples. The MS/EO treatment completely inhibited spore 
germination and mycelial growth for 3 days and reduced fruit decay. Development of Fusarium sp. 
on de-crowned pineapple fruit was also investigated by scanning electron microscopy. The fungal 
growth was restricted on de-crowned pineapple fruit for 72 hr, following MS/EO treatment. The 
MS/EO treatment also enhanced the activity of two enzymes: phenylalanine ammonia lyase (PAL) 
and peroxidase (POD), which play important roles in plant defense responses. 

 
Keywords:  megasonication, electrolysed oxidising water, pineapple, Fusarium sp., pineapple, fruit 
decay, crown rot 
_______________________________________________________________________________________ 
 
INTRODUCTION  
 

Pineapple is a commercially important crop in Thailand. A high incidence of postharvest 
diseases in pineapple is primarily caused by the fungi Ceratocystis paradoxa and Fusarium sp. The 
fungi preferentially penetrate wounds caused by de-crowning during postharvest handling, prior to 
export [1]. Several fungicides are presently used as postharvest treatments to control fruit-decay-
causing fungi. Fungal decay of pineapple fruit may be controlled by dipping in Triabendazole or 
Benomyl and methyl bromide fumigation. However, these chemicals may also leave toxic residues 
and cause environmental pollution. Advanced oxidation techniques have been used as alternatives 
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to conventional fungicides for controlling plant diseases [2-4]. In a similar manner, our present 
study aims at testing a combination of megasonication (MS) by high-frequency ultrasound and 
electrolysed oxidising (EO) water to control postharvest fungal decay in de-crowned pineapple fruit. 

Ultrasound refers to sound wave with frequency above those audible to humans [5]. It 
causes chemical and physical changes to biological structures (in a liquid medium) owing to the 
rapid formation and destruction of cavitation bubbles [6]. The potential use of ultrasound in food 
industry has been recognised since the 1970s [7]. Chemat et al. [8] stated that it can be used in food 
processing, preservation and extraction at 100-1000 kHz. In addition, using MS at 1 MHz can also 
reduce chlorpyrifos residue on bird’s chili [9]. Ultrasound treatment significantly reduces spoilage 
and pathogenic microorganisms in fruits and vegetables [6]. Consequently, it has been used in 
postharvest treatments to reduce decay and to maintain the quality of fruits and vegetables.  

EO water, an alternative to chlorinated water, was developed in Japan [10]. It has been 
studied for use in aquaculture [11], agricultural and food industrial processes [12, 13], as well as in 
postharvest disease control [14-16].  It is produced by electrolysing a dilute solution of sodium 
chloride, using an ion exchange membrane to separate the anode from the cathode. Water collected 
at the anode has unique oxidising properties due to its hypochlorous acid (HOCl) content and low 
pH [10]. 

Plants’ defence-related enzymes such as phenylalanine ammonia lyase (PAL) and 
peroxidase (POD) are also involved in defence against pathogenic microorganisms. PAL, a key 
enzyme in the phenylpropanoid pathway, induces the synthesis of various fungitoxic phytoalexins 
[17]. POD is involved in the cross-linking of cell-wall components and the generation of antifungal 
metabolites [18]. These enzymes induce active defence mechanisms against pathogens [17]. In this 
study, which is a continuation of our previous experiments [19],  the effects of MS and EO water on 
decay and elicitation of defence enzymes is also investigated.  
 
MATERIALS AND METHODS    
Fungal Culture   
  Fusarium sp. was obtained from the culture stock of the Department of Biology, Faculty of 
Science, Chiang Mai University. The fungi were cultured on potato dextrose agar (PDA) for 7 days 
at 25°C. A spore suspension was prepared by adding 10 mL of sterile distilled water to the 
Fusarium sp. cultured on a petri dish and the spores were transferred to 100 mL of sterile distilled 
water in a 250-mL conical flask. The suspension was shaken for 10 min. on an orbital shaker at 25° 
and filtered through two layers of sterile muslin. The spore suspension was diluted with sterile 
distilled water to a concentration of 105 spores mL-1 as determined by the haemacytometer. 
 
Generation of EO Water and Megasonic Treatment 

The conditions used in our previous work [19] were employed. To mention briefly, EO 
water was generated by electrolysis in a chamber with positively and negatively charged titanium 
electrodes coated with TiO2 and separated by a polypropylene membrane. Water (12 litres) 
containing 5% NaCl was introduced into the system. The electrodes were then subjected to direct 
current of 8 A and 8 V from a DC power source. The pH was recorded with a pH/ion meter and the 
oxidation-reduction potential (ORP) was measured by a pH/ORP meter. The amount of free-
chlorine concentration was determined by the N,N-diethyl-p-phenylenediamine test [20]. The EO 
water, with an initial free-chlorine concentration of 650 ppm, was diluted with distilled water to 100 
ppm and used for the microbiological study within 5 hr.  
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For fungal study, spore suspensions or mycelium discs were sonicated in a megasonic 
polyethylene cylinder reactor, 10 cm in diameter, with an input power of 3W and a frequency of 1 
MHz (Honda Electronics Co., Japan). 

For fruit treatment, the fruits (up to 10 kg) were subjected to megasonic waves of 3W at a 
constant frequency of 1 MHz. The experiments were carried out in an ultrasonic 50-L water bath,  
dimensions: 44.5 × 51.5 × 35 cm (Honda Electronics Co., Japan). 

 
Spore Survival and Mycelial Growth 
  
  One mL of a 1x105 spore suspension or 1 cm of mycelium disc was placed in the megasonic 
chamber containing 9 mL of EO water (freshly prepared) with a free-chlorine concentration of 100 
ppm and subjected to continuous MS at 1 MHz for 10 min. at room temperature. Subsequently, 0.1 
mL of the treated spore suspension in EO water was added to 0.9 mL of 0.1N sodium thiosulfate. 
After well mixing, the spread-plate technique was applied; 0.1 mL of the solution was spread on a 
PDA plate. A mycelial disc was placed onto a PDA plate, which was then incubated at 27°. The 
fungal survival was expressed as the number of colony-forming units (cfu mL-1) after incubation for 
48 hr and the mycelial growth was recorded daily. Each treatment consisted of 9 replicates and the 
experiment was repeated twice independently. The control treatment consisted of a 1-mL spore 
suspension or 1 cm of mycelium disc in 9 mL of distilled water in place of EO water.     
  
Disease Incidence and Quality Changes  

The prepared spore suspension (0.1 mL) was artificially inoculated on the centre of de-
crowned pineapple fruit. All treated fruits__two groups of 36 fruits each__were incubated at room 
temperature for 3 hr. The first group was immersed in the MS chamber with the dimension of 44.5 
× 51.5× 35 cm, containing EO water with a free-chlorine concentration of 100 ppm, and subjected 
to continuous MS at 24W and a constant frequency of 1 MHz. The second group of pineapple fruits 
washed with distilled water were used as control. The treated fruits were then placed in a basket and 
air-dried. After that the fruits were covered with plastic bags and maintained at 13° for 20 days. 
Samples were taken at 5-day intervals during storage for decay monitoring. To determine changes 
in fruit quality, weight loss and pH were measured. Total soluble solids was determined with a 
digital refractometer (Atago, Model PAL-a, Japan) using 2-3 drops of juice obtained by squeezing 
the fruits [21]. Titratable acidity was assessed as outlined by AOAC [22]. Ascorbic acid was 
determined by dichloroindophenol method [23]. The experiment was repeated twice.     

 
Disease Development  
   De-crowned pineapple fruits were inoculated with a 1x105 spore suspension of Fusarium sp. 
and subjected to MS with EO water following the procedure mentioned above. De-crowned fruits 
treated with distilled water were used as control. To observe the varying stages of fungal 
penetration, fruit samples were taken at 12, 24, 48 and 72 hr after treatment. The samples were 
preserved in formaldehyde-acetic acid-alcohol solution. Pieces of 3-10 mm were cut out of the 
samples. After three rinses of 5 minutes each in sterile distilled water, the samples were mounted 
with carbon adhesion tape on a specimen holder and examined under a scanning electron 
microscope (KEYENCE VE-9800, Japan) at an acceleration voltage of 5 kV.  
 
Plant’s Defense-Related Enzymes       

De-crowned pineapple fruits were inoculated with Fusarium sp. and subjected to MS/EO- 
water treatment as described above. On every five days of storage, healthy, non-infected areas of 
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the sampled fruit were separated, cut into small pieces, frozen in liquid nitrogen, freeze-dried and 
stored at -21° for enzyme assays. The sampling was done in triplicate. De-crowned fruits treated 
with distilled water were used as control. 

For PAL assay, freeze-dried samples of de-crowned pineapple fruit (1.0 g) were 
homogenised with 10 mL of 150mM Tris buffer (pH 8.5). The homogenate was centrifuged at 
12000 g for 30 min. at 4°. The supernatant was analysed for enzyme activity. The PAL assay 
system routinely consisted of the supernatant (1 mL), 50 mM L-phenylalanine (1 mL) and buffer (1 
mL). The change in absorbance at 290 nm was monitored after 1 hr of reaction at 40°. Under these 
conditions, a change in absorbance of 0.01 was found to be equivalent to the production of 3.09 
nmoles of cinnamic acid [17]. One unit of enzyme activity was defined as the production of 1 nmol 
cinnamic acid per hr.       

For POD assay, the freeze-dried samples of de-crowned pineapple fruit (0.5 g) were 
homogenised with 20 mL of 0.10M sodium phosphate buffer (pH 7.0) containing 3mM 
ethylenediaminetetraacetic acid and 0.1 g of polyvinyl pyrrolidone. The homogenate was 
centrifuged at 12000 g for 20 min. at 4°. The supernatant was analysed for POD activity, which was 
determined spectrophotometrically at 470 nm [24]. The reaction medium contained 2.855 mL 
sodium phosphate buffer (0.10M, pH 7.0), 45 µL guaiacol (1%), 40 µL H2O2 (0.3%) and 60 µL 
supernatant. The absorbance was recorded at 470 nm and one unit of enzyme activity was defined 
as the amount causing an absorbance change of 0.01 per min.  

The specific activity of the enzymes was expressed as units/ mg protein. Soluble protein 
content was determined using bovine serum albumin as standard [25].     
 
RESULTS AND DISCUSSION   
Spore Survival and Mycelial Growth   
 Spores treated with MS/EO water were completely inactivated (spore survival population = 
0 log cfu mL-1). In the control group spore survival was 7.88 log cfu mL-1. The concentration of free 
chlorine in EO water was sufficient to reduce fungal growth. Of the chlorine compounds, 
hypochlorous acid is the most effective for disinfestation. It damages the microbial cell by oxidising 
nucleic acids and proteins, causing lethal damage [23]. The low pH in EO water sensitises the outer 
membrane of the cell, thereby allowing hypochlorous acid to enter the cell more efficiently. Similar 
results have been achieved with Penicillium digitatum after 1 min. exposure [27]. Other researchers 
also reported that it takes about 30 sec. or less to inhibit thin-walled fungi and 2 min. or more to 
inhibit thicker-walled species [3]. The reduction of spore survival by MS, on the other hand, is 
mainly due to free-radical attack resulting in physically disrupted cell membranes [28]. The effects 
of the combined treatment on mycelial growth are shown in Figure 1. Mycelial growth was delayed 
for 3 days, but after 5 days of storage the mycelium started to regrow. The mycelium structure was 
composed of a compact mass of hyphae and the ultrasonic wave might not have penetrated the inner 
mycelial matrix, leaving some parts protected from the high pressure and temperature effects of MS 
and from EO-water disinfection. 
 
Disease Incidence and Quality Changes  

The MS/EO-water treatment significantly inhibited decay incidence during the first 5 days 
(p < 0.05), and by the 10th day the average disease incidence was 8.33%, compared with 66.67% for 
control (Figure 2). The combined treatment seems to effectively disinfect the fruit from pathogenic 
fungi through mechanical disruption of the microbial cells and disinfection by EO water. This result 
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is similar to those by other researchers. Ultrasound combined with EO water resulted in a greater 
reduction of the bacterial contamination of broccoli [29]. A combination of ultrasound and 
sanitisation enhanced removal of Salmonella and Escherichia coli O157:H7 on apple and lettuce 
[30]. The compression pressure generated by ultrasound might have facilitated the penetration of 
chemical oxidants through cellular membranes and the cavitation might have assisted in the 
disaggregation of the microorganisms, resulting in increased efficiency of the sanitisation treatment 
[31]. In our study MS with EO water seems to be applicable to pineapple handling systems due to 
its marked effect against fungal decay without any effect on fruit quality, as revealed by the results 
on weight loss, total soluble solids, titratable acidity, pH and ascorbic acid content (data not shown). 

 
 
 
 
 
 
 
 
 
 
 
                          Figure 1.  Mycelial disc growth diameter of Fusarium sp. on PDA plates,  
                          after being treated with MS/EO water, then incubated at 27 °C for 5 days 
 

 
 
 
 
 
 
 
 
 
  
                       Figure 2.  Effect of MS with EO water on disease incidence (% of infected fruits)  
                       of de-crowned pineapple during low-temperature storage for 20 days 
 
Disease Development     

The scanning electron micrograph of de-crowned pineapple in the control group showed 
germination of Fusarium sp. after 72-hr incubation. The germination of fungal spores was first 
observed in the control after 24 hr of storage whilst the MS/EO-water-treated fruits showed no sign 
of disease incidence (results not shown). After 72-hr incubation the treated samples still remained 
clear of fungal growth (Figure 3B) whilst the control group supported a high mass of fungal mycelia 
(Figure 3A). The combined treatment seems to effectively inhibit spore germination on de-crowned 
pineapple.   

 
 
 
 

Storage time (day) 
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Figure 3.  Scanning electron micrographs of de-crowned pineapple samples (4000 × magnification,  
8-nm resolution)  after 72-hr storage at 25o and 75-80% relative humidity:  (A) development of  
Fusarium sp. in control sample (arrow indicates Fusarium sp. mycelia);  (B) sample treated with 
MS/EO water 
 
Plant Defence-Related Enzymes 
 

The PAL level was found to increase rapidly and reach a peak after 10 days and then it 
gradually declined (Figure 4A). The PAL activity in the treated pineapple sample increased about 
1.8-fold above that recorded for the control. The MS/EO-water treatment also increased the POD 
activity during storage as shown in Figure 4B. The mode of action of EO water and MS in inducing 
plant pathogen resistance is not yet fully understood. However, EO water has been reported to stress 
plants [32-34]. In lettuce, higher PAL levels were induced by stress from wounding plus ethylene 
[35]. In the present study we found that PAL and POD activities were induced by the MS/EO-water 
treatment, which may also induce enzyme responses to other kinds of stress including wounding 
and inoculation with Fusarium sp. as indicated in the control graphs in Figure 4. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Effect of MS and EO water on activity (units/ mg protein) of PAL (A) and POD (B) in 
de-crowned pineapple fruit during storage at 13°C for 20 days (BF = before MS/EO-water 
treatment; AF = after MS/EO-water treatment)  
 

(A) 

(B) 

(B) (A) 
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CONCLUSIONS  
  

The use of MS combined with EO water is recommended as a postharvest treatment of 
pineapple. The treatment significantly inhibits spore survival of Fusarium sp., prolonging the shelf 
life of pineapple by up to 20 days without affecting the fruit’s quality. The antifungal effect of the 
treatment may also be due to the triggering activity of the plant’s defence-related enzymes.  
 
ACKNOWLEDGEMENTS 
 

The funding for this work was provided by the Postharvest Technology Innovation Centre, 
Commission on Higher Education, Bangkok. The authors also thank the Postharvest Technology 
Research Institute, the Graduate School, Chiang Mai University for providing the laboratory 
facilities. 
 
REFERENCES   
   
1. Department of Agriculture, Fisheries and Forestry Biosecurity, Australia government,               

″Provisional final import risk analysis report for the importation of fresh de-crowned  pineapple 
(Ananas comosus (L.) Merr.) fruit from Malaysia″, 2012, http://www.daff.gov.au/ 
__data/assets/pdf_file/0004/2163973/Prov_final-malaysian_pineapplesIRA.pdf  
(Accessed: March 2014). 

2. H. G. Sagong, H. L. Cheon, S. O. Kim, S. Y. Lee, K. H. Park, M. S. Chung, Y. J. Choi and D. 
H. Kang, ″Combined effects of  ultrasound and surfactants to reduce Bacillus cereus spores on 
lettuce and carrots″, Int. J. Food Microbiol., 2013, 160, 367-372. 

3. J. W. Buck, M. W. van Iersel, R. D. Oetting and C. Y. Hung, ″In vitro fungicidal activity of 
acidic electrolyzed oxidizing water″, Plant Dis., 2002, 86, 278-281. 

4. J. F. Brilhante São José and M. C. Dantas Vanetti, ″Effect of ultrasound and commercial 
sanitizers in removing natural contaminants and Salmonella enterica Typhimurium on cherry 
tomatoes″, Food Control, 2012, 24, 95-99. 

5. S. D. Jayasooriya, B. R. Bhandari, P. Torley and B. R. D’Arcy, ″Effect of high power 
ultrasound waves on properties of meat: A review″, Int. J. Food Prop., 2004, 7, 301-319. 

6. X. Yuting, Z. Lifen, Z. Jianjun, S. Jie, Y. Xingqian and L. Donghong, ″Power ultrasound for 
the preservation of postharvest fruits and vegetables″, Int. J. Agric. Biol. Eng., 2013, 6,116-125. 

7. P. Piyasena, E. Mohareb and R. C. McKellar, ″Inactivation of microbes using ultrasound: A 
review″, Int. J. Food Microbiol., 2003, 87, 207-216. 

8. F. Chemat, Z.E. Huma and M. K. Khan, ″Applications of ultrasound in food technology: 
Processing, preservation and extraction″, Ultrason. Sonochem., 2011, 18, 813-835. 

9. S. Pengphol, J. Uthaibutra, O. A. Arquero, N. Nomura and K. Whangchai, ″Reduction of 
residual chlorpyrifos on harvested bird chillies (Capsicum frutescens Linn.) using 
ultrasonication and ozonation″ , Thai J. Agric. Sci., 2011, 44, 182-187.  

10. H. Izumi, ″ Electrolyzed water as a disinfectant for fresh-cut vegetables″, J. Food Sci., 1999, 
64, 536-539. 

11. N. Whangchai, N. Nomura and M. Matsumura, ″Factors affecting phytoplankton removal by 
electro-oxidation of artificial seawater″, Chiang Mai J. Sci., 2003, 30, 255-259. 

12. N. M. Grech and F. H. J. Rijkenberg, ″Injection of electronically generated chlorine into citrus 
microirrigation systems for the control of certain waterborne root pathogens″, Plant Dis., 1992, 
76, 457-461. 



 
Maejo Int. J. Sci. Technol.  2014, 8(03), 288-296 
 

 

295

13. C. Kim, Y. C. Hung and R. E. Brackett, ″Efficacy of electrolyzed oxidizing (EO) and 
chemically modified water on different types of foodborne pathogens″, Int. J. Food Microbiol., 
2000, 61,199-207. 

14. M. I. Al-Haq, Y. Seo, S. Oshita and Y. Kawagoe, ″Disinfection effects of electrolyzed 
oxidizing water on suppressing fruit rot of pear caused by Botryosphaeria berengeriana″, Food 
Res. Int., 2002, 35, 657-664. 

15. K. S. Venkitanarayanan, G. O. Ezeike, Y. C. Hung and M. P. Doyle, ″Efficacy of electrolyzed 
oxidizing water for inactivating Escherichia coli 0157:H7, Salmonella enteritidis, and Listeria 
monocytogenes″, Appl. Environ. Microbiol., 1999, 65, 4276-4279. 

16. C. X. Hong,  T. J. Michailides and B. A. Holtz, ″Effects of wounding, inoculum density, and 
biological control agents on postharvest brown rot of stone fruits″, Plant Dis., 1998, 82,1210 -
1216. 

17. J. A. Saunders and J. W. McClure, ″The suitability of a quantitative spectrophotometric assay 
for phenylalanine ammonia-lyase activity in barley, buckwheat and pea seedlings″, Plant 
Physiol., 1974, 54, 412- 413. 

18. M. Kozlowska, K. Fryder and B. Wolko, ″Peroxidase  involvement in the defense response of 
red raspberry to Didymella applanata (Niessl/Sacc.) ″,  Acta Physiol. Plant., 2001, 23, 303-310. 

19. S. Khayankarn, J. Uthaibutra, S. Setha and K. Whangchai, ″Using electrolyzed oxidizing water 
combined with an ultrasonic wave on the postharvest diseases control of pineapple fruit cv. 
‘Phu Lae’″, Crop Protect., 2013, 54, 43-47. 

20. A. T. Palin, ″Methods for the determination, in water, of free and combined available chlorine, 
chlorine dioxide and chlorite, bromine, iodine and ozone using diethyl-p-phenylene diamine 
(DPD)″ , J. Inst. Water Eng., 1967, 21, 537-547. 

21. S. William (Ed.), ″Official Methods of Analysis of AOAC International″, 14th Edn., 
Association of Official Analytical Chemists, Inc., Arlington, 1984, pp.4-5. 

22. S. William (Ed.), ″Official Methods of Analysis of AOAC International″, 14th Edn., 
Association of Official Analytical Chemists, Inc., Arlington, 1984, pp.522-533. 

23. K. Helrich (Ed.), ″Official Methods of Analysis of AOAC International″, 15th Edn., Association 
of Official Analytical Chemists, Inc., Arlington, 1990, pp.829- 830.      

24. E. M. Yahia, G. Soto-Zamora, J. K. Brecht and A. Gardea, ″Postharvest hot air treatment 
effects on the antioxidant system in stored mature-green tomatoes″, Postharvest Biol. Technol., 
2007, 44, 107-115. 

25. O. H. Lowry, N. J. Rosebrough, A. L. Far and R. J. Randall, ″Protein measurement with the 
folin phenol reagent″, J. Biol. Chem., 1951, 193, 265-275. 

26. A. Acher, E. Fisher, R. Turnheim and Y. Manor, ″Ecologically friendly wastewater disinfection 
techniques″, Water Res., 1997, 31, 1398-1404. 

27. K. Whangchai, K. Saengnil, C. Singkamanee and J. Uthaibutra, ″Effect of electrolyzed 
oxidizing water and continuous ozone exposure on the control of Penicillium digitatum on 
tangerine cv. ‘Sai Nam Pung’ during storage″, Crop Prot., 2010, 29, 386-389. 

28. S. S. Phull, A. P. Newman, J. P. Lorimer, B. Pollet and T. J. Mason, ″The development and 
evaluation of ultrasound in the biocidal treatment of water″, Ultrason. Sonochem., 1997, 4, 
157-164. 

29. Y-C. Hung, P. Tilly and C. Kim, ″Efficacy of electrolyzed oxidizing (EO) water and 
chlorinated water for inactivation of Escherichia coli O157:H7 on strawberries and broccoli″, J. 
Food Qual., 2010, 33, 559-577. 



 
Maejo Int. J. Sci. Technol.  2014, 8(03), 288-296 
 

 

296

30. T. S. Huang, C. L. Xu, K. Walker, P. West, S. Q. Zhang and J. Weese, ″Decontamination 
efficacy of combined chlorine dioxide with ultrasonication on apples and lettuce″, J. Food Sci., 
2006, 71, 134-139. 

31. P. R. Gogate and A. M. Kabadi, ″A review of applications of cavitation in biochemical 
engineering/biotechnology″, Biochem. Eng. J., 2009, 44, 60-72. 

32. W. H. Flurkey and J. J. Jen, ″Peroxidase and polyphenol oxidase activities in developing 
peaches″, J. Food Sci., 1978, 43, 1826-1828. 

33. D. A. Jacobo-Velázquez, G. B. Martínez-Hernández, R. S. C. Del, C. M. Cao and L. Cisneros-
Zevallos, ″Plants as biofactories: Physiological role of  reactive oxygen species on the 
accumulation of phenolic antioxidants in carrot tissue  under wounding and hyperoxia stress″, 
J. Agric. Food Chem., 2011, 59, 6583-6593. 

34. G. B. Martínez-Hernández, F. Artés-Hernández, P. A. Gómez, A. C. Formica and F. Artés, 
″Combination of electrolysed water, UV-C and superatmospheric O2 packaging for improving 
fresh-cut broccoli quality″, Postharvest Biol. Technol., 2013, 76, 125-134.  

35. G. Lopez-Galvez, M. E. Saltveit and M. I. Cantwell, ″Wound-induced phenylalanine ammonia 
lyase activity: Factors affecting its induction and correlation with the quality of minimally 
processed lettuces″, Postharvest Biol. Technol., 1996, 9, 223-233. 

 
 
© 2014 by Maejo University, San Sai, Chiang Mai, 50290 Thailand. Reproduction is permitted for 

noncommercial purposes. 
 


