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ABSTRACT 

 

γ-Aminobutyric acid (GABA) is an ubiquitous four carbon non-protein amino acid, that 

was first identified in potato tuber tissue in 1949. Subsequently, it has received further 

attention in microorganism, plant and animal systems. GABA plays significant roles in 

physiological responses of plants to environmental stresses, and also is recognized as a 

major inhibitory neurotransmitter in the central nervous system and may contribute to 

human health. GABA metabolism occurs via the GABA shunt which involves in plant 

stress responses and postharvest systems. However, there is an absence of research on 

GABA concentrations in fresh-cut fruits and vegetables. In this study, the GABA 

concentrations, the relationship between GABA concentrations, antioxidants and the total 

antioxidant activity, and the effects of postharvest treatment on GABA in fresh-cut fruits 

and vegetables during 9 days at 5 ºC have been investigated. The results indicated that 

GABA concentrations vary widely among different types of fresh-cut products. Total 

phenolics, flavonoids and ascorbic acid concentrations were associated with total 

antioxidant activity in phytochemical extract of different fresh-cut products, but no 

relationships with antioxidant activity were detected. GABA concentrations accumulated 

in fresh-cut cauliflower and pineapple during storage and the accumulations showed not 

related and negatively related, respectively, to antioxidants including vitamin C, total 

phenolics and flavonoids. 
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CHAPTER 1 LITERATURE REVIEW: γ-AMINOBUTYRIC ACID (GABA) 

 

Introduction 

γ-Aminobutyric acid (GABA), a non-protein amino acid, was first identified in potato 

tuber tissue in 1949 (Steward et al., 1949). Subsequently, roles for GABA have been 

identified in microorganism, animal and plant systems (Ueno 2000). In animal systems 

GABA has been identified as a major inhibitory neurotransmitter in the central nervous 

system (Berl and Waelsch, 1958; Roberts, 1988; Ben-Ari, 2002). Also, GABA may have 

functions as a health promoting compound (Sanders, 1998). In plant systems, GABA is 

involved in several physiological processes, including the regulation of cytosolic pH, 

carbon fluxes into the tricarboxylic acid (TCA) cycle, nitrogen metabolism, protection 

against oxidative stress, defense against insects, and signaling (Bouché and Fromm, 2004; 

Shelp et al., 2012c).  

 

Two Pathways of GABA Metabolism 

GABA shunt  

In plant, GABA is mainly produced through a short pathway called the GABA shunt. In 

the GABA shunt, glutamate is converted to succinate via GABA (Figure 1.1). Three 

enzymes participate in this pathway: Glutamate decarboxylase (GAD), GABA 

transaminase (GABA-T) and succinic semialdehyde dehydrogenase (SSADH). Glutamate 

is decarboxylated to GABA by GAD and the reaction is irreversible. GABA is then 

catalyzed to succinic semialdehyde (SSA) by GABA-T using either pyruvate (GABA-TP) 

or α-ketoglutarate (GABA-TK) as amino acceptors. The conversion from GABA to SSA 
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is reversible. SSA is catalyzed to succinate by SSADH and this conversion is irreversible 

(Bouché et al., 2003).  

Polyamine degradation  

GABA could be formed indirectly from polyamines with diamine oxidase (DAO) as the 

most important rate-limiting enzyme (Shelp et al., 2012b). The polyamine metabolic 

pathway is summarized in Figure 1.2. In simple word, arginine is converted to putrescine 

via alternative multi-step routes by arginine decarboxylase, agmatine imidohydrolase and 

N-carbamoyl-putrescine amidohydrolase, arginase and ornithine decarboxylase. 

Putrescine can be converted to spermidine and spermine by spermidine synthase and 

spermine synthase, respectively, or be converted to GABA catalyzed by O2-dependent 

diamine oxidases (Shelp et al., 2012b). 

Physiological roles of GABA, GABA shunt and polyamine degradation in plant 

GABA and GABA shunt are involved in various physiological processes, including 

regulation of osmotic and cytosolic pH, bypass of TCA cycle, mediations of C:N balance, 

defense against insects, protection against oxidative stresses and functions in signal 

transduction (Fait et al., 2008). Ramesh et al. (2015) found that under acidic, cold, salt or 

heat stresses, GABA negatively regulates the activity of malate-permeable transporter 

TaALMT1 to prevent malate efflux from roots, thereby contributes to conserve valuable 

plant reserves of reduced carbon and energy. Daş et al. (2016) reported that medium Zn 

concentration might be responsible for triggering GABA-shunt for activating the protective 

mechanisms against heavy metal stress. GABA can be produced rapidly as a metabolic 

response of plant systems to stresses such as mechanical damage, low and high 
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temperatures, hypoxic and anoxic environments (Bouché and Fromm, 2004; Kinnersley 

and Turano, 2000). As a result, GABA accumulates above normal baseline levels. GABA 

production is associated with both gene-dependent and gene-independent processes. Up-

regulation of GAD gene and down-regulation of GABA-T gene are responsible for the 

long-term GABA accumulation. However, when exposed to short-term stress, gene-

independent processes, GAD stimulation through a low pH or the binding of 

calcium/calmodulin (Ca2+/CaM) to the Ca2+/CaM binding domain and the increase 

glutamate concentrations, are responsible for GABA accumulation (Snedden et al., 1995; 

Bouché and Fromm, 2004; Shelp et al., 2012a). Scholz et al. (2012) found that a rapid 

wound-induced, jasmonate-independent and GAD catalyzed GABA synthesis and 

accumulation was induced by insect feeding-like wounding. Higher GABA is toxic for the 

feeding insects, thereby protecting the plant against insects.   

   GABA also can accumulate under abiotic stresses through polyamine degradation 

pathway, which including drought, oxidative stress, salinity, and cold stress (Alcázar et al., 

2010; Mattoo et al., 2010; Gill and Tuteja, 2010; Gill and Tuteja, 2014). Yang et al. (2015) 

found that putrescine (Put) was the main substrate of GABA in polyamine degradation 

under hypoxia-NaCl stress and GABA accumulation regulated the plant growth through 

polyamine degradation pathway.   

 

Heath Benefits of GABA 

   GABA is a major inhibitory neurotransmitter in the brain and modulates synaptic 

responses via GABAB receptors (GABAB-Rs) which GABAB-Rs inhibit the release of 

neurotransmitters by inhibiting voltage-sensitive Ca2+ channels to decrease Ca2+ influx and 
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activating K+ channels (Wu and Saggau, 1995; Dittman and Regehr, 1996; Thompson and 

Gahwiler, 1992).  

Subsequently, health benefits of GABA have been identified through many studies, and 

the physiological functions of GABA have been reviewed (Diana et al., 2014). GABA 

inhibits depression and regulates mood disorders (Shiah and Yatham 1998; Petty, 1995; 

Kendell et al., 2005; Vogt and Nicoll, 1999) and it also functions as relaxation and the 

enhancement of human immunity (Abdou et al., 2006). GABA lowers the blood pressure 

of mildly hypertensive animals (Hayakawa et al., 2004; Hayakawa et al. 2005; Inoue et al., 

2003; Abe et al., 1995; Willette et al., 1983) and humans (Inoue et al., 2003). GABA also 

exerts positive effects for treatment of hyperammonemia (Paul, 2003), alcohol dependence, 

alcohol associated diseases (Caputo and Bernardi, 2010; Walker and Koob, 2007; Krystal 

et al., 2006), diabetes incidence (Hagiwara et al. 2004), neurological disorders (Wong et 

al., 2003; Kleppner and Tobin, 2001; Pedersen et al., 1974) and cancers (Oh and Oh, 2004; 

Ortega, 2003; Joseph et al., 2002; Fava et al., 2005). In addition, GABA showed regulating 

effects on energy balance, feeding behavior and body weight (Meister, 2007). Recognition 

of the beneficial functions of GABA has resulted in efforts to develop GABA-rich food or 

GABA medicine. These physiological functions are summarized in Table 1. 

 

GABA Production and GABA-rich Foods 

Because of the beneficial functions of GABA and the increasing commercial demand, 

there have been many attempts to synthesize GABA chemically or biologically (Ueno 

2000; Choi et al., 2006). Compare with chemical synthesis methods, biosynthetic methods 

are simple, effective, mild and environmentally friendly (Huang et al., 2006). GAD has 
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been found in bacteria such as lactic acid bacteria (Tajabadi et al., 2015; Li and Cao, 2010); 

in plant such as tea (Zhao et al., 2011) and germinated brown rice (Komatsuzaki et la., 

2007). Because of there is a positive relation between the optimal fermentation condition 

and GABA synthesis by microorganisms, microbial fermentation synthesis is the most safe 

and commercial method to produce GABA (Dhakal et al., 2012). Currently, 

microorganisms such as Monascus (Kono and Himeno, 2000; Jiang et al., 2011) and 

Lactobalillus (Di Cagno et al., 2010; Binh et al., 2014) have been widely applied in GABA 

production. The fermentation conditions can be optimized based on the biochemical 

characteristics of GAD of the fermenting microorganisms and the other major factors are 

temperature, pH, fermentation time and different media additives (Dhakal et al., 2012). 

Microbial synthesis of GABA can be used in food industry to produce GABA-rich foods. 

GABA enriched-foods have been reviewed (Diana et al., 2014).   

 

Examples of GABA-rich foods 

GABA tea 

GABA tea, is a special tea enriched with GABA by anaerobic conditions of fresh tea 

leaves (Tsushida and Murai, 1987). Compared with common green tea, GABA tea had 

much higher contents of free amino acids, GABA, alanine, ammonia, lysine, leucine and 

isoleucine and lower concentrations of total catechin, glutamic acid, aspartic acid, and 

phenylalanine (Wang et al., 2006). Kim and Kim (2012) found that GABA and other free 

amino acids such as alanine, valine, leucine, isoleucine, proline and asparagine, and (-)-

epigallocatechin and (-)-epigallocatechin gallate were increased in tea leaves after 
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anaerobic treatment compared with untreated tea. These results indicate that the continuous 

anaerobic treatment during manufacturing process may be used to produce high quality 

GABA tea with higher antioxidant activity. Zhao et al. (2015) analyzed the changes in 

quality components of GABA black tea during processing, and also investigated the effect 

of dosage of GABA black tea on sleep improvement. The results showed that 

the GABA concentration was increased after vacuum anaerobic and aerobic treatment and 

the GABA black tea may prolong the sleeping time with sodium pentobarbital and enhance 

the sleeping rate induced by sodium pentobarbital at a sub-threshold dose.  

 

GABA rice 

GABA rice (also called germinated brown rice or sprouted brown rice) is produced by a 

germination process that allows the rice embryo to sprout under proper environmental 

conditions. This is different from normal brown rice, which is not allowed to germinate. 

Table 2 shows the basic production procedures of GABA rice (Patil and Khan, 2011). 

White rice cannot be used to produce GABA rice because the outer layer, the germ, has 

been removed (which results in the white color of the rice). During the germination process, 

GABA concentration increases in brown rice since GABA rice could be considered as a 

functional food (Kim 2013). In GABA rice, nutrients other than GABA that are in higher 

concentrations than in common brown rice include lysine, vitamin E, dietary fiber, niacin, 

magnesium, vitamin B1, vitamin B6, inositols, ferulic acid, phytic acid, tocotrienols, 

potassium, zinc and g-oryzanol. In addition, GABA rice is also reported to contain less 

calories and sugar than white rice and common brown rice (Patil and Khan, 2011). Zhang 

et al. (2014) found that high concentrations of GABA production in germinated brown rice 
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can be achieved under acidic soaking condition, or by adding L-glutamic acid and 

gibberellin A3.  

 

GABA yogurt 

Lactic acid bacterial and germinated soybeans were used in a study of Park and Oh 

(2007) to develop yogurt with high levels of GABA. Results suggested that the L. brevis 

OPY-1 and germinated soybean produce GABA soya yogurt effectively, and compared 

with other conventional yogurts, GABA yogurt contains higher level of GABA, free amino 

acids and isoflavones. Shan et al. (2015) found that addition of Lactobacillus. 

plantarum NDC75017 (a strain screened from traditional fermented dairy products in 

China) to a commercial starter culture induced higher GABA production in fermented 

yogurt and did not affect the flavor and texture of the prepared yogurt. Thus, Lactobacillus. 

plantarum NDC75017 has good potential for manufacture of GABA-enriched fermented 

milk products. 

 

GABA in Fruits and Vegetables  

Some information exists about GABA concentrations in fruits and vegetables. Tomato 

is one of the major crops that accumulate a relatively high levels of GABA in the fruits. 

The metabolism of GABA and its potential roles were reviewed in Takayama and Ezura 

(2015). In tomato fruit, drastic changes in GABA concentrations have been observed 

during fruit development, GABA concentration accumulates from flowering to the mature 

green stage and then rapidly decreases during the ripening stage (Akihiro et al., 2008; 
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Osorio et al., 2011) and this phenomena can be explained by the GABA shunt pathway 

(Takayama et al., 2015). GABA concentration in tomato fruit decreased as the fruit ripened 

on the vine, concentrations being 1800, 1500, 1000, 800 and 500 µmol kg−1 in green, 

breaker, turning, pink and red fruit, respectively (Deewatthanawong et al., 2010b). GABA 

biosynthesis and accumulation in tomato fruits at the green stage may contribute to regulate 

cellular pH, promote glutamic transport from source organs to fruit cells and defense 

against pests and pathogen, while the GABA catabolism provides energy and promote seed 

dispersal by improving ‘Umami’ components such as glutamic and aspartate (Takayama 

and Ezura, 2015).  

There is limited information about GABA in other fruits and vegetables and the data are 

summarized in Table 3. These results indicate that GABA concentration varies in different 

types of fruits and vegetables and some types of fruits and vegetables contain a relatively 

high concentrations of GABA.      

 

Effects of Postharvest Treatments on GABA and Its Pathways 

   GABA is known to be involved in stress tolerance and the effect of postharvest treatments 

on GABA and its pathways have been investigated. Put treatment increased cold tolerance 

in zucchini fruit by enhancing GABA-T activity, proline and betaine contents and 

desaturase expression (Palma et al., 2015). After 14 days of 4 ºC storage, GAD activity and 

glutamic acid concentration increased, but GABA levels diminished in both Put treated and 

control zucchini fruit. Compared with untreated fruit, Put treated fruit had similar GAD 

activity, but higher GABA-T activity and lower GABA concentrations. Thus by inducing 
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the degradation of GABA via GABA-T to produce more C and N, reducing power and 

energy, Put treatment improved the tolerance of chilling injury in zucchini fruit.   

   In contrast, exogenous nitric oxide (NO) treatment also alleviated CI of banana fruit 

under 7 ºC cold storage by increasing the activities of diamine oxidase (DAO), polyamine 

oxidase (PAO) and GAD, and by reducing the activity of GABA-T (Wang et al., 2016). 

Glutamic acid and Put can be converted into GABA by GAD and DAO respectively (Shelp 

et al., 2012b), thus NO treated fruit promoted GABA accumulation which might be a 

mechanism to protect against chilling stress of banana fruit.   

   Enhanced GABA accumulation in tomato fruits has been observed in tomato fruit stored 

under high CO2 and low O2 conditions after harvest (Makino et al., 2008; 

Deewatthanawong et al., 2010b; Mae et al., 2012). These results suggested that SlGAD2 

and SlGAD3 are responsive to GABA accumulation in tomato under high CO2 and low O2 

modified atmosphere.  

GABA accumulation also can be found in apple fruit under high CO2 and low O2 

atmosphere (Deewatthanawong and Watkins, 2009; Lee et al., 2012) and the accumulation 

of GABA may related to GABA shunt. Deyman et al. (2014) confirmed the previous study 

(Deewatthanawong and Watkins, 2009; Lee et al., 2012) and the results showed that GABA 

accumulated in Empire apple under high CO2 and low O2 controlled atmosphere and the 

accumulation was greater with 1-MCP treatment. Chiu et al. (2015) found that in 

Honeycrisp apple, controlled atmosphere-related injury is associated with GABA 

accumulation, regardless of 1-MCP.  
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Four strawberry (Fragaria vesca L.) cultivars with different tolerances to elevated CO2 

as indicated by accumulation of ethanol were studied by Deewatthanawong et al. (2010a). 

Results showed that 20% CO2 treatment induced GABA accumulation in all cultivars but 

GABA accumulations were much higher in ‘Jewel’ and ‘Northeaster’ compared with 

‘Allstar’ and ‘Earliglow’. GAD activity was greater in ‘Jewel’ and ‘Northeaster’ compared 

with ‘Allstar’ and ‘Earliglow’, which was not affected by CO2. But GABA-T activity was 

lower in CO2 than air treated ‘Jewel’ fruit and no significant differences were detected 

between air and CO2 treated ‘Allstar’ and ‘Earliglow’. In ‘Northeaster’, GABA 

accumulation in ‘Northeaster’ is not associated with GABA-T activity because GABA-T 

decreased after day 9 while GABA concentration increased. A CO2 concentration of 40% 

was also shown to stimulate GABA production with a decline in glutamate level and 

increases in the concentration of oxalic and citric acid in strawberries (cv. Mara de Bois) 

after 3 days of storage (Blanch et al., 2012). 

Biais et al. (2010) measured gradients of metabolites, in different locations in melon 

fruit. They found strong increasing gradients of alanine, ethanol, pyruvic acid, fumaric acid 

and GABA from skin to center. Under hypoxia conditions, fermentation leads to the 

accumulation of pyruvate (Good and Muench, 1993), the increase of alanine by 

transamination reactions (Ismond et al., 2003) and the accumulation of organic acid by 

limiting the TCA cycle activity (Gharbi et al., 2007). The results of Biais et al. (2010) 

indicate the activation of fermentation pathways in the center of melon fruit. Moreover, as 

GABA is known to accumulate in acidic environment (Carroll et al., 1994), the increasing 

gradient of GABA from skin to center could be explained by acidification caused by 

fermentation.  
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 The effect of high CO2 treatment on GABA, total polyamines, chitinase, β-1,3-

glucanases and some physiological parameters were tested in cherimoya fruit stored at low 

temperature (Merodio et al., 1998). Results showed higher of GABA level, chitinase 

activity, total polyamine and O2 consumption in CO2 treated fruit compared with untreated 

control fruit. However, when the fruit was transferred from CO2 treated to air, the 

accumulation of GABA and total polyamines decreased to the same levels as in the control 

fruit.  

Browning is an important disorder of pear fruit, which can be induced by postharvest 

factors such as higher CO2 and lower O2 levels, higher storage temperature and longer 

storage times (Lammertyn et al., 2000; Hansen and Mellenthin, 1962). Franck et al. (2007) 

measured the GABA concentration in sound and brown tissue of pears stored under 

browning inducing conditions. They found that GABA concentrations were much higher 

in brown tissue than in the surrounding sound tissue. Because anoxia could induce GABA 

accumulation (Bown and Shelp, 1997), its accumulation in brown tissue provides 

biochemical evidence for the presence of anoxia zones in pears (Franck et al., 2007).  

 

Exogenous GABA Application  

   Some information is available about the effect of exogenous GABA treatment as a factor 

that affects storage life and quality in postharvest horticultural products. Exogenous GABA 

can induce strong resistance against blue mold rot caused by Penicillium expansum in pear 

fruit by priming of defense responses without adverse influence on its edible quality (Yu 

et al., 2014). Pear fruit treated with 100 µg/mL GABA had stronger resistance against P. 

expansum when the time interval was increased to 24h. In addition, the increased activities 
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of five defense-related enzymes [including chitinase, β-1,3-glucanase, phenylalanine 

ammonia-lyase, peroxidase and polyphenol oxidase] in GABA treated fruit may be 

correlated with resistance against the pathogen.      

   Soleimani et al. (2016) used anthurium cut flowers to investigate the effects of pre and 

postharvest GABA treatment on CI. Both preharvest GABA spray (1mM) and postharvest 

GABA dip (5mM) treatments lowered CI incidence of anthurium cut flowers stored at 4 

ºC for 21 days. In response to chilling stress, increment of phospholipase D (PLD) enzyme 

activity leads to releasing unsaturated fatty acid, which under peroxidation by liposygenase 

(LOX) results to declining membrane fluidity and manifesting chilling symptoms. The pre 

and postharvest GABA treated reduced the spathe browning, PLD and LOX activities and 

H2O2 accumulation but increased unsaturated fatty acids/saturated fatty acids 

(unSFA/SFA) ratio and activities of antioxidant enzymes including superoxide dismutase 

(SOD), catalase (CAT), ascorbate peroxidase (APX) and glutathione reductase of 

anthurium cut flowers. These results suggested that GABA treatment can enhance 

postharvest chilling tolerance of anthurium cut flower by protecting membrane integrity 

via lowering ROS accumulation and maintaining higher unSFA/SFA ratio.    

   GABA may enhance chilling tolerance in cold-sensitive fruit. Yang et al. (2011) used 

peach fruit to investigate the effects of GABA on chilling injury. The incidence of chilling 

injury, activity of antioxidant enzymes, concentrations of adenosine triphosphate (ATP), 

adenosine diphosphate (ADP) and adenosine monophosphate (AMP), and energy charge 

were assessed after treatment with 5 mM GABA. Results showed that GABA treatment 

effectively decreased chilling injury incidence and also enhanced the activities of the 

antioxidant enzymes SOD, CAT, APX, glutathione peroxidase, glutathione S-transferase, 
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monodehydroascorbate reductase and dehydroascorbate reductase. Decreases of ATP and 

ADP contents during storage were slower in GABA treated fruit than in untreated fruit. 

AMP increased during storage time while GABA treatment inhibited the increase. In both 

GABA treated and control fruits, energy charge decreased but higher energy charge was 

found in GABA-treated fruit. These results suggest that GABA treatment can enhance the 

enzymatic antioxidant system and maintain energy status in peach fruit, thereby increasing 

its chilling tolerance. Shang et al. (2011) reported that compared with 1 and 10 mM, 5 mM 

was the most effective GABA concentration to reduce chilling injury of peaches. 

Exogenous GABA treatment enhanced the GAD activity which results to the accumulation 

of endogenous GABA and proline. These results indicate that exogenous GABA treatment 

may be a useful technique to alleviate CI in cold-stored peach fruit by enhancing the 

endogenous GABA and proline concentrations. Wang et al. (2014) also found that the 

application of GABA alleviates chilling injury of banana fruit by inducing the 

accumulation of proline and enhancement of antioxidant defense system, thereby GABA 

treatment may act as a promising approach in inhibiting chilling injury and maintaining 

quality of banana fruit.  

Objective and Experimental Approach 

   Less information is available about the effects of postharvest treatments on GABA 

metabolism of fresh cut products, and given the health benefits of GABA, raises the 

question of its role as a nutritional parameter when evaluating fresh-cut products. Therefore 

the objective of the research in this dissertation focused on this area.  

   The GABA concentrations of fresh-cut fruits and vegetables in relation to other 

antioxidant compounds such as total phenolics and ascorbic acid, and total antioxidant 
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activities were investigated (Chapter 2). In chapter 3, GABA concentrations in fresh-cut 

fruits and vegetables in relation to antioxidants during storage up to 9 days at 5 ºC were 

investigated.  

   A preliminary research (Appendix) has been carried out to investigate the effect of 

GABA dipping treatment on superficial scald incidence of RubyFrost™ apple. 
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Figures 

 

 

Figure 1.1. GABA shunt (Bouché et al., 2003). 
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Figure 1.2. Alternative pathways to GABA (Shelp et al., 2012c). 
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Tables 

 

Table 1.1. Possible health benefits of GABA in animal systems. Modified from Diana et 
al. (2014). 

Health benefits  References 

Inhibitory effect on depression and 
regulating mood disorders 

 Shiah and Yatham 1998; Petty, 1995; 
Kendell et al., 2005; Vogt and Nicoll, 
1999 

Curing neurological disorders such as 
epilepsy, and spasticity 

 Wong et al., 2003; Kleppner and 
Tobin, 2001; Pedersen et al., 1974 

Relaxation and the enhancement of human 
immunity 

 Abdou et al., 2006 

Lowering blood pressures of mildly 
hypertensive animals and humans 

 Hayakawa et al., 2004; Hayakawa et 
al. 2005; Inoue et al., 2003; Abe et 
al., 1995; Willette et al., 1983 

Inhibitor effect on acute hyperammonemia 
by increasing the detoxification of ammonia 
to glutamine 

 Paul, 2003 

Regulating energy balance, feeding 
behavior, body weight and diabetes 
incidence 

 Meister 2007; Hagiwara et al. 2004 

Inhibitory effects on cancer cell 
proliferation and apoptosis 

 Oh and Oh, 2004; Ortega, 2003; 
Joseph et al., 2002; Fava et al., 2005 

Inhibitory effects on alcohol dependence 
and alcohol associated diseases 

 Caputo and Bernardi, 2010; Walker 
and Koob, 2007; Krystal et al., 2006 
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      Table 1.2. Basic procedures for GABA rice production. 

Soak the germinated brown rice in warm water around 35-40 °C for 10-12h 
 
Changed water very 3-4h during the soaking period to prevent undesirable odors and 
fermentation 
 
Water is drained and the rice is kept moist for 20-24h 
 
When 0.5-1mm long sprout is produced, the germinated rice is dried to approximately 
10% of moisture content 
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Table 1.3. GABA concentrations in various fruits and vegetables. 

Fruit and vegetable 
type 

GABA concentration 
(µmol kg-1 fresh weight) 

GABA concentration 
(µmol kg-1 dry weight) 

Reference 
# 

American red grape 360 - 6 
Apple  51 2 6, 3 

Apricot 1334 - 6 
Banana 2143; 776 - 6, 5 
Broccoli - 77 3 

Cantaloupe 7228  6 
Carrot 1995 28 6, 3 

Cherimoya  500 - 2 
Cherry 113 - 6 

Cucumber 2419 - 6 
Dragon fruit 26 - 6 

Jackfruit 11167 - 6 
Kale - 122 3 

Kiwi fruit 79 - 6 
Litchi 13482 - 6 

Longan 19375 - 6 
Mango         435 - 6 

Mangosteen 2380 - 6 
Onion - 12 3 
Orange 3643 - 6 
Papaya 2773 - 6 
Peach 508 - 6 
Pear 218 - 6 

Pineapple 162 - 6 
Potato - 166 3 

Spinach - 414 3 
Strawberry 150-350 - 1 

Squash - 43 3 
Sweet potato - 137 3 

Tomato 10217 - 6 
Watermelon 868 - 6 

Yam - 126 3 
Zucchini fruit 388 - 4 

 1) Deewatthanawong et al. (2010a); 2) Merodio et al. (1998); 3) Oh et al. (2003); 4) Palma et al. 
(2015); 5) Wang et al. (2016); 6) Huang (2013) 
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CHAPTER 2 γ-AMINOBUTYRIC ACID CONCENTRATION AND 

ANTIOXIDANT ACTIVITY IN FRESH-CUT FRUITS AND VEGETABLES 

 

Abstract  

   γ-Aminobutyric acid (GABA), a non-protein amino acid, is considered as a potent 

bioactive compound. Fresh-cut fruits and vegetables are significant sources of dietary 

antioxidants which including Vitamin C (ascorbic acid) and total phenolics. In this study, 

GABA concentrations and its relation to ascorbic acid, total phenolics, and total antioxidant 

acidity were investigated. The results showed that GABA concentrations ranged from 2480 

µmol kg-1 in cantaloupe to 90 µmol kg-1 in cauliflower. No significant relationship between 

GABA and total antioxidant activity was found. Total phenolic and TAA concentrations 

were positively related to total antioxidant activity in fresh-cut products.  

 

Introduction 

   γ-Aminobutyric acid (GABA), a ubiquitous four carbon non-protein amino acid, is 

widely distributed in plants, animals and microorganisms (Ben-Ari, 2002; Ueno, 2000). 

GABA is synthesized from glutamate by glutamate decarboxylase (GAD) in the cytosol 

and then catabolized to succinic semialdehyde by GABA transaminase (GABA-T), and 

then to succinate, a metabolic pathway known as the GABA shunt (Shelp et al., 2012a). 

Synthesis of GABA from putrescine is also possible (Shelp et al., 2012b). Although GABA 

was first discovered in potatoes (Steward et al., 1949), much of the literature is focused on 

human and animal systems, where it has been identified as an inhibitory neurotransmitter 

in the brain (Ben-Ari, 2002).  GABA is associated with several health benefits including 
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inhibition of depression (Shiah and Yatham 1998), regulation of mood disorders (Kendell 

et al., 2005), improvement of relaxation and enhancement of human immunity (Abdou et 

al., 2006), and lowering of blood pressure (Hayakawa et al., 2005). GABA also exerts 

positive effects for treatment of hyperammonemia (Paul, 2003), alcohol dependence and 

alcohol associated diseases (Caputo and Bernardi, 2010; Walker and Koob, 2007), diabetes 

(Hagiwara et al., 2004), neurological disorders (Wong et al., 2003) and cancers (Fava et 

al., 2005; Oh and Oh, 2004). In addition, GABA has regulatory effects on energy balance, 

feeding behavior and body weight of humans and animals (Meister, 2007). The recognition 

of beneficial functions of GABA has resulted in efforts to find and develop GABA-rich 

foods such as GABA tea (Wang et al., 2006), GABA rice (Patil and Khan, 2011) and 

GABA yogurt (Park and Oh, 2007).    

   In plant systems, GABA shunt plays important roles in primary C/N metabolism, the 

tricarboxylic acid (TCA) cycle and osmotic and cytosolic pH regulation under stress and 

non-stress conditions (Fait et al., 2008). GABA is produced rapidly in response to stresses 

such as mechanical manipulation, cold temperature and low oxygen environments (Bown 

and Zhang, 2000; Kaplan et al., 2007). Some information exists about GABA 

concentrations in fruits and vegetables. Oh et al. (2003) reported that apple, spinach, 

potatoes, sweet potatoes, yams, kale, broccoli, squash, carrot and onion contained 2 , 414, 

166, 137, 129, 122, 77, 43, 28 and 12 µmol GABA kg-1 DW, respectively (Oh et al., 2003). 

Longan, litch, jackfruit and tomato are also good sources of GABA and had 1.94 ×104, 

1.35×104, 1.11×104 and 1.02×104 µmol GABA kg-1 (Yan, 2013). GABA concentration in 

tomato fruit was determined in the study of Deewatthanawong et al. (2010b), GABA 

concentrations decreased as the fruit ripened on the vine, concentrations being 1800, 1500, 
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1000, 800 and 500 µmol kg−1 in green, breaker, turning, pink and red fruit, respectively. 

The strawberry fruit ‘Allstar’ and ‘Earliglow’ had the same GABA concentrations 150 

µmol kg−1 at harvest, while ‘Jewel’ and ‘Northeaster’ had higher GABA concentrations, 

being 240 and 350 µmol kg−1, respectively (Deewatthanawong et al., 2010a). 

   The involvement of GABA in postharvest systems has recently received attention. 

Treatments such as putrescine (Palma et al., 2015) and nitric oxide (Wang et al., 2016) 

reduced chilling injury by modulating GABA shunt in cold-stored zucchini and banana 

fruit, respectively. Modified atmospheres treatments may induce GABA accumulation in 

tomato (Mae et al., 2012), apple (Lee et al., 2012; Deewatthanawong et al., 2009), 

strawberry (Deewatthanawong et al., 2010b) and cherimoya fruit (Merodio et al., 1998). 

However, the possible involvement of GABA in fresh-cut (minimally processed) fresh 

fruits and vegetables has not been addressed. Preparation of these products from raw 

materials involve a number of processing steps that cause injury to the tissue, including 

grading, cleaning, trimming, peeling and cutting (Barrett et al. 2010). Packaging of fresh-

cut products often involves low temperatures in conjunction with modified atmospheres 

(Mermelstein, 2012).  Therefore, GABA accumulation in plant tissues in response to the 

stresses described above (Bown and Zhang, 2000; Kaplan et al., 2007) raise interesting 

questions about GABA concentration in fresh-cut products, and given the health benefits 

of GABA the question of its role as a nutritional parameter when evaluating fresh-cut 

products.  

   In general, the major reason for consumers to choose fresh-cut product is convenience, 

but health benefits of natural antioxidants and phytonutrients including ascorbic acid and 

phenolic compounds are assumed. However, antioxidants especially ascorbic acid and total 
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phenolics may be lost due to postharvest treatments and processing in fresh-cut products. 

Gil et al (2006) found that ascorbic acid loss was higher in fresh-cut pineapple and 

cantaloupe compared with whole fruit. Ascorbic acid concentrations also decreased in 

shredded iceberg lettuce (Barry-Ryan and O’Beirne, 1999). Saxena et al (2009) reported 

that the loss of total phenolics and ascorbic acid concentrations were found in fresh-cut 

jackfruit during modified atmosphere storage. Phenolic concentrations and antioxidant 

capacity of fresh-cut products can increase, however, from 26% to 191% and 51% to 442%, 

respectively, as a result of wounding (Reyes et al., 2007).   

   The main objective of this research was to survey GABA concentrations of fresh-cut 

fruits and vegetables in relation to other antioxidant compounds such as total phenolics, 

and total ascorbic acid, and total antioxidant activities.  

   

Materials and Methods 

Sample preparation. Seven fresh-cut fruits (pineapple, watermelon, honeydew melon, 

papaya, cantaloupe, mango, and apple) and five fresh-cut vegetables (green bean, butternut 

squash, cauliflower, broccoli, and carrot) were purchased from a local supermarket.  Three 

packages of each product, treated as replicates, were samples by flash freezing in liquid 

nitrogen. Samples were powered using IKA® A11 basic analytical mill (IKA® Works, Inc. 

Wilmingten, NC) and the powder was kept at -80 °C until used for extraction and 

measurements for GABA, total phenolics, total ascorbic acid (TAA), reduced ascorbic acid 

(RAA) and dehydroascorbic acid (DHA) concentrations, and total antioxidant activity. 
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GABA concentrations. GABA concentrations were measured according to Zhang and 

Bown (1997). Frozen powder (0.4 g) was mixed with 400 μL methanol to extract GABA 

and inactivate GAD. After 10 min at 25 ºC, the sample was vacuum dried with a Vacufuge 

Concentrator 5301 (Eppendorf, Hamburg, Germany), and 1 mL of 70 mM lanthanum 

chloride was added to remove the water-soluble phenolic pigments. After 15 min shaking, 

the samples were centrifuged at 13,000 g with Microfuge® 18 Centrifuge (Beckman 

Coutler Inc., Palo Alto, CA) for 5 min, and 0.8 mL of the supernatant fluid was transferred 

to a new tube in which 160 μL 1M KOH was added to precipitate lanthanum chloride. 

After 15 min shaking and centrifugation at 13,000 g with Microfuge® 18 Centrifuge 

(Beckman Coutler Inc., Palo Alto, CA) for 10 min, the supernatant was used for 

spectrophotometric measurement of GABA determination using Genesys 10S UV-Vis 

Spectrophotometer (Thermo Fischer Scientific, Madison, WI). The 1 mL assay system 

contained 550 μL of a sample extract, 150 μL 4 mM NADP+, 200 μL 0.5 M potassium 

pyrophosphate buffer (pH 8.6), 50 μL of 2 units GABASE per mL and 50 μL of 20 mM α-

ketoglutarate. The initial absorbance reading was read at 340 nm before adding 20 mM α-

ketoglutarate and the final absorbance reading was read at the same wavelength after 60 

min incubation at 25 ºC. The result was calculated on a fresh weight basis as µmol GABA 

kg-1.  

TAA, RAA and DHA concentrations. Measurements of TAA, RAA and DHA were 

carried out according to Shin et al. (2008). Frozen powder (0.3 g) was added into prechilled 

centrifuge tubes containing 1.5 mL extraction buffer (2% metaphosphoric acid and 2 mM 

EDTA). After centrifugation at 12,000 g at 4 °C with Microfuge® 18 Centrifuge (Beckman 

Coutler Inc., Palo Alto, CA) for 15min, 900 μL supernatant was neutralized with 600 μL 
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10% sodium citrate. RAA was determined by measuring decrease in absorbance at 265 nm 

upon the addition of 10 μL 0.4 unit μL-1 ascorbate oxidase to a mixture containing 500 μL 

0.2 M phosphate buffer (pH 5.6), 390 μL distilled water and 100 μL sample. TAA was 

determined by measuring decrease in absorbance at 265 nm upon the addition of 10 μL 0.4 

unit μL-1 ascorbate oxidase to a mixture containing 500 μL 0.2 M phosphate buffer (pH 

5.6), 290 μL distilled water, 100 μL 20mM Glutathione which prepared by 100 mM 

Tricine-KOH (pH 8.5) buffer and 100 μL neutralized sample. The amount of DHA was 

determined by subtracting the reduced AA from the total AA. The concentrations of total 

AA and DHA were expressed as AA on a fresh weight basis as mg kg-1. 

Total phenolic concentrations. The total phenolics of the flesh extracts were measured 

using a modified colorimetric assay (Meyer et al., 2003). Frozen powder (1 g) was added 

to 5 mL 80% acetone containing 0.02% formic acid. After vortexing and centrifugation at 

12,000 g with Microfuge® 18 Centrifuge (Beckman Coutler Inc., Palo Alto, CA) for 20 

min, the supernatant was used to measure total phenolics. For phenolics, 0.5 mL of the 

supernatant was added to 3 mL distilled water and 0.25 mL Folin-Ciocalteu reagent. After 

shaking for 5 min, 3 mL 7 % Na2CO3 was added. The sample was mixed well and incubated 

in 25 °C for 90 min. The absorbance was measured at 750 nm versus a blank after 90 min 

at room temperature. The results were expressed as gallic acid equivalents on a fresh weight 

basis, mg kg-1.  

Total antioxidant activity. The total antioxidant activity was determined using the 

modified peroxyl radical scavenging capacity (PSC) assay (Adom and Liu, 2005). Peroxyl 

radicals (ROO·), produced by thermal degradation of ABAP (2,2'-azobis-

amidinopropane), oxidize nonfluorescent dichlorofluorescein (DCFH) to fluorescent 



 

44 
 

dichlorofluorescein (DCF). Antioxidant activity is calculated on the basis of the degree of 

inhibition of DCFH oxidation by antioxidants that scavenge peroxyl radicals. Frozen 

powder (1 g) was added to 80% acetone/water mixtures, then the solvent was evaporated 

at 45 °C under vacuum with a  Vacufuge Concentrator 5301 (Eppendorf, Hamburg, 

Germany) and the extracts dissolved in water and diluted to different concentrations with 

75mM phosphate buffer (pH7.4). During analysis, 100 μL of each dilution was transferred 

to 96-well plates and mixed with 13.26 μM DCFH and 200 mM ABAP.  Fluorescence was 

monitored at 485 nm excitation and 538 nm emission with a fluorescent spectrophotometer 

(Fluoroskan Ascent FL, Thermo Eletron Corporation, Asheville, NC). The results were 

calculated on a fresh weight basis as µmol of vitamin C equiv kg-1. 

Statistical analysis. All data collected for each product type are reported as means ± SE 

of three replications. Analysis of variance (ANOVA) was performed for the quality indices. 

Means were separated at the 5% significance level by the least significant difference test 

(LSD). SPSS 18.0 statistical software (SPSS Inc., Chicago, IL, USA) was used. 

 

Results 

GABA concentrations. GABA concentrations ranged from 2480 µmol kg-1 in cantaloupe 

to 90 µmol kg-1 in cauliflower (Figure 2.1).  

Total phenolics concentrations. Total phenolics is shown in Figure 2.2. Total phenolics 

concentrations ranged from 1780 mg kg-1 in apples to 200 mg kg-1 in butternut squash.  

TAA and DHA concentrations. TAA and DHA concentrations varied greatly among 

fresh-cut products (Table 1). The apple contained the highest TAA concentrations (899 mg 
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kg-1), while carrot had the lowest concentrations (36 mg kg-1). DHA concentrations ranged 

from 72 mg kg-1 in pineapple to 8 mg kg-1 in carrot. TAA concentrations of the fresh-cut 

products were compared with the data of whole products from USDA database (Table 2). 

Compared with whole products, all fresh-cut products, except apple and pineapple 

contained lower TAA concentrations.  

Total antioxidant activity. Apple exhibited the highest total antioxidant activity of 10 

mmol of vitamin C equiv kg-1, while watermelon showed the lowest of 0.65 mmol of 

vitamin C equiv kg-1 (Figure 2.3).  

Relationships between GABA, total phenolics, and TAA concentrations and total 

antioxidant activity. GABA concentrations were not related to total antioxidant activity 

over all fresh cut products (Fig. 2.4A).  Phenolic concentrations were positively related to 

total antioxidant activity in fresh-cut products (Fig. 2.4B), and the relationship was slightly 

stronger for fresh-cut fruits (R2 = 0.925) than for fresh-cut vegetables (R2 = 0.897). TAA 

was also directly related to the total antioxidant (Fig. 2.4C) and there was a slightly stronger 

positive correlation between TAA and total antioxidant activity for fresh-cut fruits (R2 = 

0.981) than for fresh-cut vegetables (R2 = 0.910). The relationship between total phenolics 

concentrations and GABA was weak (R2 = 0.11NS). 

Discussion  

   This study enhances our knowledge about the concentrations of GABA in fresh-cut 

products. While these products were sourced from supermarkets and therefore without 

history of the whole product, they were freshly prepared and reflective of those available 

to consumers. Also, we have found consistency of differences among GABA 
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concentrations in products purchased at different times throughout the year (unpublished 

data). Among the fresh-cut products analyzed, GABA concentrations of cantaloupe were 

about twice as high as honeydew melons, and 27 times higher than those of cauliflower. 

Presumably differences among the different products mainly reflect those of whole 

products rather than biosynthesis in response to injury during fresh-cut processing, 

although in Chapter 3, I report that significant increases of GABA can occur during storage 

of fresh cut pineapple and cauliflower. There is relatively little data about GABA 

concentrations in fruits and vegetables. This study suggests that some fruits and vegetables, 

and cantaloupe in particular, may have additional health benefits because of high GABA 

concentrations. The basis for difference of GABA concentrations among whole fruit, and 

by extension, fresh cut products, is not known. One possibility might due to the differences 

in concentration of inositol and inositol related compounds. Inositol, inositol diphosphate 

(IP2) and diacylglycerol can promote GABA production by inducing the release of Ca2+ 

from endoplasmic reticulum and from mitochondria (Ross, 1991). Plant GADs contain 

calmodulin-binding domains (CaM-BDs), which bind CaM in the presence of Ca2+ 

(Snedden et al., 1995). Ca2+/CaM can stimulate GAD activity and thereby GABA 

accumulation. Cantaloupe and honeydew have very high myo-insitol concentrations 

(Clements and Darnell, 1980), which may responsible for their high GABA concentrations.  

   Generally, fruits have higher total phenolic concentrations than vegetables (Vinson et al., 

1998; Vinson et al., 2001). Total phenolics are thought to be a major antioxidants in fruit 

(Liu et al., 2002; Fu et al., 2011). Hossain and Rahman (2011) found that antioxidant 

activity is associated with phenolic concentrations in pineapples. Chu et al (2002) also 

showed that there is a positive but weaker (R2=0.57) correlation between antioxidant 
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activity and free phenolic concentrations in vegetables. For some kinds of vegetables such 

as carrot, the anthocyanins and chlorogenic acid (Sun et al., 2009) might contribute 

significantly to their in vitro antioxidant capacity.  

   Vitamin C also has been considered as an important antioxidant in fruits and vegetables 

(Proteggente et al., 2002). Table 1 showed the contribution of vitamin C to the total 

antioxidant activity in all fresh-cut fruits and vegetables in this study. Except carrot, 

mango, green bean and butternut squash, vitamin C contributed mostly to the total 

antioxidant activity. Except vitamin C, carrot is also a valuable source of other antioxidants 

such as carotenoids, vitamin E and phenolics which including p-coumaric, chlorogenic and 

caffeic acids (Alasalvar et al., 2001). The flavonoids, flavonols and flavonol glycosides 

contribute to the antioxidant activity in green been (Rice-Evans et al., 1995). The 

combination of phytochemicals and synergistic mechanisms in fresh-cut fruit and 

vegetable matrix might be responsible for the total antioxidant activities. Compared with 

their intact counterparts, fresh-cut products, especially fresh-cut fruits present a greater 

challenge to preserve and store because trimming, cutting and peeling processes lead to 

cell and tissue damage (Mermelstein, 2012). Vitamin C can be influenced by postharvest 

factors such as handling procedures, storage temperature and relative humidity and 

modified atmosphere (Lee and Kader, 2000). The loss of vitamin C could be enhanced by 

physical damage, extended storage duration, high temperature, low relative humidity and 

chilling injury (Kader, 2002). Table 2 showed the comparison between data from USDA 

database and data from this study. Compared with whole fruits and vegetables, fresh-cut 

fruits and vegetables other than apple and pineapple, contained lower vitamin C, which 

indicated vitamin C loss during processing and storage. The high vitamin C concentration 
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in fresh-cut apple might due to the dipping treatment of ascorbic acid. Ascorbic acid 

dipping treatment has been applied to fresh-cut apple and it is an effective way to prevent 

tissue browning (Sapers and Ziolkowske, 1987; Oms-Oliu et al., 2010).  

   In this study, no significant relationship was found between GABA concentration and 

total antioxidant activity within different types of fresh-cut fruits and vegetables. There is 

also no significant relationship (Figure 2.6) between GABA and total phenolic 

concentrations within different types of fresh-cut fruits and vegetables. However, it is still 

possible that there is an association between GABA and antioxidants, because even if 

GABA does not have antioxidant activity, it may act as a response metabolite under stress 

(Fait et al., 2008). Since abiotic stresses such as wounding might be used to improve the 

concentration of phenolic compounds (Reyes et al., 2007; Reyes and Cisneros-Zavallos, 

2003). As a metabolic response, an increase in GABA concentration under abiotic stresses 

such as wounding (Bown and Zhang, 2000) and cold temperature (Kaplan et al., 2007) also 

has been reported in plants. It is possible that there is an association between the increases 

in phenolic compounds with the accumulation of GABA as results of stress response. In 

the future study, both whole fresh and fresh-cut products should be used to investigate the 

association between GABA and antioxidant metabolism. 
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Figures 

 

 

Figure 2.1. GABA concentration of various fresh-cut fruits and vegetables (mean ± SE, 
n=3). 
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Figure 2.2. Total phenolic concentration of various fresh-cut fruits and vegetables (mean 
± SE, n=3).  
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Figure 2.3. Total antioxidant activity of various fresh-cut products (mean ± SE, n=3).  
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Figure 2.4. Relationship between (A) GABA concentration, (B) total phenolic 
concentration, and (C) total ascorbic acid concentration with total antioxidant activity.  

Data shown are subjected to linear regression analysis. *** = Significant at 0.001. ns = not 
significant.  
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Figure 2.5. Relationship between GABA and total phenolics. Data shown are subjected to 
linear regression analysis. ns = not significant. 
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Tables 

Table 2.1. Concentration of total ascorbic acid (mg kg-1 fresh weight) and DHA (mg kg-1 
fresh weight) in selected fresh-cut products (mean ± SE, n=3) and the contribution of TAA 
to total antioxidant activity.  

Fruit Total AA 

(mg kg-1) 

DHA 

(mg kg-1) 

Contribution of total ascorbic acid 

to total antioxidant activity (%) 

Apple 899 ± 69 39 ± 11 50 

Broccoli 733 ± 64 21 ± 3 68 

Pineapple 534 ± 42 72 ± 15 56 

Cauliflower 488 ± 58 11 ± 4 54 

Papaya 452 ± 16 9 ± 2 54 

Cantaloupe 222 ± 23 32 ± 13 71 

Honeydew melon 157 ± 6 11 ± 6 52 

Mango 126 ± 7.5 10 ± 3 35 

Watermelon 73 ± 6 10 ± 4 64 

Butternut squash 69 ± 2 10 ± 4 36 

Green bean 53 ± 7 32 ± 2 14 

Carrot 36 ± 8 8 ± 2 7 
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Table 2.2. Comparison of vitamin C concentration between whole fruits and vegetables 
and fresh-cut fruits and vegetables. 

 Total ascorbic acid concentration (mg kg-1) 

Variety 

Whole fruit and vegetable 

(USDA nutrient database for standard reference) 

fresh-cut fruit and 

vegetable 

Broccoli 892 733 

Papaya 609 452 

Cauliflower 482 488 

Pineapple 478 534 

Cantaloupe 367 222 

Mango 364 126 

Butternut squash 210 69 

Honeydew melon 180 157 

Green bean 122 53 

Watermelon 81 73 

Carrot 59 36 

Apple 46 899 
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CHAPTER 3 γ-AMINOBUTYRIC ACID AND ANTIOXIDANT CHANGES IN 

FRESH-CUT CANTALOUPE, PINEAPPLE AND CAULIFLOWER DURING 

STORAGE 

Abstract  

   γ-Aminobutyric acid (GABA), a non-protein amino acid, has received much attention as 

a health-promoting functional compound. It can accumulate in plants in response to abiotic 

stresses such as chilling, heat, drought and high CO2 and low O2 condition. The 

involvement of GABA in postharvest systems has recently received attention, but there is 

an absence of knowledge about the effects of postharvest treatments such as peeling and 

cutting on GABA concentration in fresh-cut products. In this study, concentrations of 

GABA and antioxidants including total phenolics and ascorbic acid, and their correlation 

were investigated in fresh-cut cantaloupe, pineapple and cauliflower during storage. 

GABA accumulated in fresh-cut pineapple and cauliflower during storage up to 9 days at 

5 °C. During storage, total phenolic, total ascorbic acid and DHA remained stable in fresh-

cut cantaloupe and cauliflower, while in pineapple, total phenolic and total ascorbic acid 

concentrations reduced but DHA concentration increased. During storage, no correlation 

was found between GABA and antioxidants in fresh-cut cauliflower, however, in fresh-cut 

pineapple, GABA is negatively related to antioxidants including total phenolics and total 

ascorbic acid. 

 

Introduction  

   GABA, a ubiquitous four carbon non-protein amino acid that is widely distributed in 

plants, animals and microorganisms. In plants, GABA has important roles in physiological 
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responses to environmental stresses and its concentration is known to increase in response 

to stresses such as low temperature, increased carbon dioxide and decreased oxygen levels 

(Bouché and Fromm, 2004; Shelp et al., 2012a). In humans and other animals, GABA 

functions as an inhibitory neurotransmitter in the brain and central nervous system (Berl 

and Waelsch, 1958; Ben-Ari, 2002) and it has been shown to have many health benefits 

including lowering blood pressure (Inoue et al., 2003) and inhibition of cancer cell 

proliferation (Ortega, 2003; Joseph et al., 2002; Fava et al., 2005). These effects have 

resulted in GABA being considered as a bioactive compound in foods such as GABA tea 

(Wang et al., 2006), GABA rice (Patil and Khan, 2011) and GABA yogurt (Park and Oh, 

2007). In chapter 2, I described GABA concentration various in different types of fresh-

cut fruits and vegetables from 2480 µmol kg-1 fresh weight in cantaloupe to 90 µmol kg-1 

fresh weight in cauliflower.  This is the first such comparison of GABA concentrations in 

fresh-cut produce.  

   The involvement of GABA in postharvest systems has recently received attention. Palma 

et al. (2016) found that the putrescine treatment reduced weight loss, chilling injury and 

malondialdehyde and hydrogen peroxide concentrations of zucchini fruit by inducing 

GABA transaminase (GABA-T) activity and reducing GABA concentration. However, 

Wang et al. (2016) found exogenous nitric oxide treatment reduced CI by increasing the 

activities of diamine oxidase, polyamine oxidase, ornithine aminotransferase and 

glutamate decarboxylase (GAD) and proline concentration, while reducing GABA-T 

activity which resulted the accusation of GABA.  In ‘Honeycrisp’ apple, there was a 

significant relationship between GABA levels and the incidence of CA-related injury at 3 

°C and the relative GABA levels were rapidly increased in 1-MCP-treated fruit during 
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elevated CO2 storage at 3 °C (Chiu et al., 2015). Similar results were found in the study of 

Deyman et al. (2014), GABA accumulated and glutamate decreased in “Empire” apple 

fruit under CA storage with elevated CO2. Modified atmospheres-induced GABA 

accumulation in tomato (Mae et al., 2012), apple (Lee et al., 2012; Deewatthanawong et 

al., 2009), strawberry (Deewatthanawong et al., 2010) and cherimoya fruit (Merodio et al., 

1998) stored at low temperature were also reported. 

   Fresh-cut fruits and vegetables are popular because they are convenient, ready-to-eat and 

have perceived health benefits (Cook, 2007). As an important source of antioxidants 

including vitamin C and phenolic compounds, fresh-cut fruits and vegetables may lower 

the risk of cancer and heart diseases as well as prevent degenerative diseases (Jansen et al., 

2011; Jansen et al., 2013). It is well know that cutting procedures during fresh-cut 

preparation can trigger or speed up senescence processes and oxidative stresses that lead 

to accumulation of reactive oxygen species, which are closely related with some 

physiological processes and stress responses in plant (Gill and Tuteja, 2010). Some studies 

have investigated whether cutting procedures during fresh-cut preparation can affect 

phytochemical composition. Kenny and O’Beirne (2010), Howards and Griffin (1993), 

Babic et al (1993) and Klaiber et al (2005) found that phenolic compounds accumulated in 

minimally processed carrots during storage and that their accumulation might be related to 

the wound-induced synthesis of phenylalanine ammonia-lyase (PAL). In carrot, soluble 

phenolics, antioxidant capacity and PAL activity increased with wounding intensity 

(Surjadinate and Cisneros-Zevallo, 2012). The accumulation of wound-induced phenolic 

compounds was also confirmed in lettuce (Kang and Saltveit, 2002) and purple-flesh potato 

(Reyes and Cisneros-Zevallos, 2003). Since abiotic stresses such as wounding might be 



 

65 
 

used to improve the concentration of phenolic compounds (Cisneros-Zavallos, 2003). 

Meanwhile, GABA concentrations can increase under abiotic stresses which including 

wounding (Bown and Zhang, 2000) and cold temperature (Cholewa et al., 1997; Simpson 

et al., 2010). 

   However, there is an absence of knowledge about the effects of postharvest treatments 

such as peeling and cutting on GABA concentration in fresh-cut products. Such knowledge 

is important to understand the role of using GABA as a possible stress metabolite, as well 

as for the potential of fresh-cut fruits and vegetables as sources of a health promoting 

compounds. Therefore the objective of this study was to investigate GABA concentrations 

in selected fresh-cut fruit and vegetable in relation to the changing in antioxidants including 

vitamin C and total phenolics during storage up to 9 days at 5 °C. 

 

Materials and Methods 

Plant material and sample preparation. Whole cantaloupes, pineapples and cauliflowers 

were obtained from a local supermarket in Ithaca, NY. Cantaloupe and pineapple were 

prepared by the same method. The whole fruit was sliced perpendicular to the blossom 

end-stem scar axis with a sharp stainless steel knife. From each fruit, 4 cm thick slices were 

made and fruit slices were cut with a cork-corer and stainless steel knife into uniform 2 cm 

thick cylinders (Figure 3.1). Cauliflowers were also cut with a sharp stainless steel knife; 

leaves were pulled away from the base of the head and sliced through the core into four 

quarters, and the thicker stems were discarded. Similar bite-sized florets (Figure 3.2) were 

made by cutting the stem. All samples were dipped in chlorinated (1.3 mM NaOCl) cold 

tap water at for 2 min.  Fresh-cut tissue were sampled at the time of preparation and after 
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3, 6, and 9 days of storage at 5 °C in the darkness. Quality measurements of cantaloupe 

and pineapple were applied immediately then tissues were frozen in liquid nitrogen and 

kept at -80 °C until analyzed. Cauliflower samples were directly frozen in liquid nitrogen 

and kept at frozen -80 °C until analyzed. Samples were ground to a fine powder using IKA® 

A11 basic (IKA® Works, Inc. Wilmingten, NC) in liquid nitrogen. Powders were used for 

the extraction of GABA, total phenolic compounds and vitamin C.  

Quality evaluation. For cantaloupe and pineapple, firmness were determined with a 

FORCE FIVE texture analyzer (model FDV-30, Greenwich, CT, USA) as the force 

required for a 3-mm diameter tip to penetrate to a depth of 5 mm. Objective color 

measurements were assessed using a Minolta Chroma Meter (model CR-300, Osaka, 

Japan) calibrated with a white plate. Color was expressed as CIELAB (L*a*b) color space, 

where L* defines the lightness and a* and b* define the red-greenness and blue-yellowness, 

respectively. Color was evaluated in the same area that firmness measurements were made. 

The soluble solids concentration (SSC) of the pineapple juice was measured with a 

refractometer (PAL-1, Atago 3810, Bellevue, WA), and expressed as %.   

GABA concentrations. GABA concentrations were measured according to Zhang and 

Bown (1996). Frozen powder (0.4 g) was mixed with 400 μL methanol to extract GABA 

and inactivate GAD. After 10 min in 25 ºC, the sample was vacuum dried, and 1 mL of 70 

mM lanthanum chloride was added to remove the water-soluble phenolic pigments. After 

15 min of shaking, the samples were centrifuged at 13,000 g for 5 min, and 0.8 mL of the 

supernatant fluid was transferred to a new tube in which 160 μL 1M KOH was added to 

precipitate lanthanum chloride. After 15 min shaking of and centrifugation at 13,000 g for 

10 min, the supernatant fluid was used for GABA determination. The 1 mL assay system 
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contained 550 μL of a sample extract, 150 μL 4 mM NADP+, 200 μL 0.5 M potassium 

pyrophosphate buffer (pH 8.6), 50 μL of 2 units GABASE per mL and 50 μL of 20 mM α-

ketoglutarate. The initial absorbance reading was read at 340 nm before adding 20 mM α-

ketoglutarate and the final absorbance reading was read at the same wavelength after 60 

min incubation at 25 ºC. The result was calculated on a fresh weight basis as µmol GABA 

kg-1.  

Total and reduced ascorbic Acid (AA/DHA) Concentrations. Measurements of AA and 

DHA were carried out according to Shin et al. (2008). Frozen powder (0.3 g) was added 

into prechilled centrifuge tubes containing 1.5 mL extraction buffer (2% metaphosphoric 

acid and 2 mM EDTA). After centrifugation at 12,000 g at 4 °C for 15min, 900 μL 

supernatant was neutralized with 600 μL 10% sodium citrate. The reduced AA was 

determined by measuring decrease in absorbance at 265 nm upon the addition of 10 μL 0.4 

unit μL-1 ascorbate oxidase to a mixture containing 500 μL 0.2 M phosphate buffer (pH 

5.6), 390 μL distilled water and 100 μL sample. The total AA was determined by measuring 

decrease in absorbance at 265 nm upon the addition of 10 μL 0.4 unit μL-1 ascorbate 

oxidase to a mixture containing 500 μL 0.2 M phosphate buffer (pH 5.6), 350 μL distilled 

water, 20 μL 20mM dithiothreitol (DDT) which prepared with ethanol, 20 μL 0.5 M 

HEPES-KOH buffer (pH 7.5) and 100 μL neutralized sample. The amount of DHA was 

determined by subtracting the reduced AA from the total AA. The concentrations of total 

AA and DHA were expressed as AA on a fresh weight basis as mg kg-1. 

Total phenolic concentrations. The total phenolic concentrations of the flesh extracts 

were measured using a modified colorimetric assay (Meyer et al., 2003). Frozen powder (1 

g) was added to 5 mL 80% acetone containing 0.02% formic acid. After the mixture was 
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vortexed and centrifuged at 12,000 g for 20 min, the supernatant was used to measure total 

phenolics. For phenolics, 0.5 mL of the supernatant was added to 3 mL distilled water and 

0.25 mL Folin-Ciocalteu reagent. After shaking for 5 min, 3 mL 7 % Na2CO3 was added. 

The sample was mixed well and incubated in 25 °C for 90 min. The absorbance was 

measured at 750 nm versus a blank after 90 min at room temperature. The results were 

expressed as gallic acid equivalents on a fresh weight basis as mg kg-1.  

Statistical analysis. All data collected for each product type are reported as means ± SE 

of three replications. Analysis of variance (ANOVA) was performed for all data. Means 

were separated at the 5% significance level by the least significant difference test (LSD). 

SPSS 18.0 statistical software (SPSS Inc., Chicago, IL, USA) was used. 

 

Results 

GABA concentrations. GABA concentrations were much high in cantaloupe than in 

pineapple and cauliflower (Figure 3.3). Although concentrations tended to increase over 

time, no significant differences were detected for cantaloupe (Figure 3A). In contrast, 

GABA concentrations in pineapple and cauliflower increased 132% and 120%, 

respectively, during storage (Figure 3.3B, 3.3C).  

Vitamin C concentrations. The changes of total ascorbic acid and DHA concentrations in 

cantaloupe, pineapple, and cauliflower are shown in Table 3.1. During storage at 5 °C, total 

ascorbic acid and DHA in cantaloupe and cauliflower were stable. However, total ascorbic 

acid and reduced ascorbic acid concentrations in fresh-cut pineapple reduced 23% and 

42%, respectively, after 3 days and 6 days, while DHA increased 235% after 3 days.  
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Total phenolics concentrations. Total phenolics concentrations in cantaloupe, pineapple, 

and cauliflower are shown in Figure 3.4. After cutting, the total phenolics concentrations 

in cantaloupe and cauliflower were quite stable, and no significant differences were found 

during 9 days of storage at 5 °C. In pineapple, total phenolics concentrations decreased 

16% after 3 days of storage.  

Quality Indices. Figure 3.5 shows the firmness (N) of cantaloupe and pineapple during 

storage. Storing the cantaloupe for 9 days at 5 °C resulted in softening, the percentage of 

loss (expressed as a percentage of the initial value) being 54%. However, no significant 

change of firmness was found in pineapple. The results of Luminosity (L*), a* and b* are 

shown in Figure 3.6, Figure 3.7 and Figure 3.8 respectively. Figure 3.6 shows that the L* 

value stayed level in cantaloupe but decreased in pineapple during storage at 5 °C for 9 

days. Figure 3.7 shows that the a* values of pineapple increased after 6 days of storage at 

5 °C, but remained unchanged in cantaloupe. Figure 3.8 shows that no significant 

difference of b* value was observed in cantaloupe, but in pineapple, b* values decreased 

at day 6.  

Discussion 

   GABA accumulated in fresh-cut pineapple and cauliflower during storage. It is known 

that GABA accumulation can be observed in soybeans subjected to cold stress and 

mechanical damage (Wallace et al., 1984). GABA accumulation may be associated with 

GAD and GABA-T activities and the availability of glutamate in response to post-harvest 

treatment. GAD and GABA-T are the key enzymes in the regulation of GABA levels 

(Shelp et al., 2012b; Palanivelu et al., 2003) and glutamate is the precursor of GABA (Shelp 

et al., 1999). Studies showed that stresses which include mechanical manipulation (Bown 
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and Zhang, 2000) and cold temperature (Cholewa et al., 1997) result in Ca2+ release into 

the cytosol, leading to the formation of Ca2+/CaM complexes that stimulate the activity of 

GADs and thereby GABA accumulation. In the GABA shunt, GABA is catalyzed by 

GABA-T and turn into succinic semialdehyde (SSA) (Fait et al., 2008). GABA 

accumulation is also associated with reduced glutamate concentrations (Shelp et al., 1999). 

As a substrate, glutamate concentration increases can result in greater conversion to GABA 

through the GABA shunt. However, GABA accumulation in fresh-cut cantaloupe was not 

significant.  It is possible that failure to detect an increase was because of the very high 

concentrations in the fruit, making it difficult to measure changes above the baseline. 

Storage time is another factor influencing GABA accumulation. In fresh-cut pineapple, 

GABA concentration increased after 3 days while the increase occurred after 6 days in 

cauliflower. This may indicate that different storage times are needed to induce GABA 

accumulation in different products. 

   In this study, no significant change of total phenolics concentration was detected in fresh-

cut cantaloupe and cauliflower during storage time. Amaro et al. (2013) found that phenolic 

concentrations remained constant in fresh-cut cantaloupe during stored at 5 °C for 9 days. 

It is possible that wound-induced phenolic compounds are not a feature of fresh-cut 

cantaloupe and cauliflower. Leja et al. (2001) also observed very good stability of total 

polyphenols in broccoli during a 7 day storage at 5 °C. However, the accumulation of 

phenolic compounds increased in fresh-cut melon at 12-day storage at 4 °C (Oms-Oliu et 

al., 2008).  In the study of Odriozola-Serrano et al. (2008), no significant change of total 

phenolic concentration was detected in fresh-cut tomato after processing, but after 14 days 

storage, a significant increase was observed and this increase could be directly associated 
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with the wounding response. It is known that wounding stimulates the plant cell to 

accumulate phenolics for repair processes and defense against microbial invasion (Dixon 

and Paiva, 1995). Storage temperature may also influences the biosynthesis of phenolics 

under wounding stress. Total phenolics accumulated in wounded carrot tissue stored in 15 

°C (Surjadinata & Cisneros-Zevallos, 2012). Total phenolics concentrations decreased in 

fresh-cut pineapple over storage, which might related to the type of product. A sharp 

reduction in phenolics was also observed in pineapple slices during cold storage in the 

study of González-Aguilar et al (2005).  

   Total ascorbic acid, reduced ascorbic acid and DHA remained stable in fresh-cut 

cantaloupe and cauliflower, but total ascorbic acid concentration deceased and DHA 

concentration increased in fresh-cut pineapple. A decrease of ascorbic acid was also 

observed in fresh-cut pineapple during 5 days cold storage (Barberis et al., 2012). In 

contrast, high stability of ascorbic acid was observed in fresh-cut swede and turnip 

(Helland et al., 2016) and fresh-cut pear (Piga et al., 2003) under refrigerated storage. High 

ascorbic acid retention has been reported in cruciferous vegetable due to their high sulfur 

containing compounds which include glutathione (Albrecht et al., 1990). Favell (1998) also 

noticed that when broccoli was stored at 4 °C, the retention of ascorbic acid was very good 

with no loss after 7 days. In general, low temperature helps to maintain the quality of fresh-

cut products, however, low temperature storage may accelerate the loss of ascorbic acid 

for some chilling sensitive crops (Lee and Kader, 2000). The lower temperature limit is 

around 8 °C for subtropical fruit, which includes pineapple (Wilkinson, 1970), and the 

significant loss of ascorbic acid in fresh-cut pineapple may be the result of chilling injury. 

In the study of González-Aguilar et al (2005), no significant changes in ascorbic acid levels 
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were observed in pineapple slices during the storage period at 10 °C. The increase of DHA 

in fresh-cut pineapple may related to the transformation of AA to DHA by ascorbate 

oxidase under stress conditions which include cutting and light exposure (Wright and 

Kader, 1997). 

   The results also indicated that the GABA accumulation in fresh-cut cauliflower has no 

correlation with the total antioxidants because no significant differences were detected in 

the total antioxidants during storage. However in fresh-cut pineapple, the GABA 

accumulation is negatively related to the total antioxidants including total phenolics, and 

total ascorbic acid (Figure 3.9) and this result was unexpected and explanation is still 

unclear.  

   The aim of this study was to understand how GABA and antioxidants are influenced by 

temperature of storage and cutting procedure. In the study of Cocetta et al. (2014), ascorbic 

acid levels of baby spinach decreased 25% after 1 h cutting compared with controls and 

the fresh-cut spinach leaves stored at 4 °C showed the highest ascorbic acid levels 

compared with those stored at 20 °C, confirmed that the changes of ascorbic acid can occur 

in a short time and the storage temperature strongly affected ascorbic acid levels during 

storage. While the result also indicated that during a short term, the processing temperature 

of 20 °C may speed up the loss of ascorbic acid levels. Some previous studies aimed to 

investigate the antioxidant changes under wounding stress in fresh produce, wounded 

samples were processed at room temperature and stored at 15 °C to accelerate tissue 

responses (Surjadinata & Cisneros-Zevallos, 2012; Reyes et al., 2007). In this study, 

GABA concentration increased after 3 days and further after 9 days in fresh-cut pineapple 

and in fresh-cut cauliflower the increase of GABA concentration was observed after 6 days. 
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This results may indicate that the effect of processing temperature on GABA concentration 

is minor for a short term (within 10 min). 

   Fresh-cut cantaloupe softened by day 3 and then firmness remained unchanged.  

Significant softening was also observed in fresh-cut cantaloupe during storage in the study 

of Amaro et al. (2013), Luna-Guzmán and Barrett (2000) and Syahidah et al. (2015). In 

contrast, the firmness of fresh-cut pineapple was not significantly different over the 9 day 

storage period. Similar findings was obtained by Azarakhsh et al. (2014) who found that 

the firmness of fresh-cut pineapple maintained constant during 8 days storage and 

decreased at day 12. The decrease of b* values in fresh-cut pineapple were observed in this 

study. Similar result was found in the study of González-Aguilar et al (2005) and Mantilla 

et al., (2013), b* value of fresh-cut pineapple decreased significantly during cold storage. 

The changes in color (a* and b*) of fresh-cut pineapple may be related to the CI. Browning, 

as a symptoms of CI may be associated with the decrease of a* and b* values (Marrero and 

Kader, 2006).  

   In conclusion, our results indicate that GABA may accumulate in fresh-cut pineapple and 

cauliflower during storage up to 9 days at 5 °C. During storage, total phenolic, total 

ascorbic acid and DHA remain stable in fresh-cut cantaloupe and cauliflower, while in 

pineapple, total phenolic and total ascorbic acid concentrations reduced but DHA 

concentration increased. GABA accumulation of fresh-cut cauliflower has no relation with 

total antioxidant, while in fresh-cut pineapple, GABA accumulation is negatively related 

to including total phenolics and total ascorbic acid. Firmness reduced in fresh-cut 

cantaloupe but remained stable in pineapple. L*, a* and b* values remained stable in fresh-
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cut cantaloupe. In fresh-cut pineapple, SSC and L* value kept stable, a*increased and b* 

values decreased during storage.  
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Figures 

 

Figure 3.1. Illustration of fresh-cut cantaloupe in this study. 

 

 

 

Figure 3.2. Illustration of fresh-cut cantaloupe in this study. 
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Figure 3.3.  GABA concentrations of fresh-cut (A) cantaloupe, (B) cauliflower and (C) 
pineapple during storage at 5 °C. 
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Figure 3.4.  Total phenolics concentration of fresh-cut (A) cantaloupe, (B) cauliflower and 
(C) pineapple during storage at 5 °C. 
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Figure 3.5.  Firmness of fresh-cut (A) cantaloupe and (B) pineapple during storage at 5 
°C. 
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Figure 3.6.  L* (Luminosity) of fresh-cut (A) cantaloupe, (B) pineapple during storage at 
5 °C. 
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Figure 3.7.  a* value of fresh-cut (A) cantaloupe and (B) pineapple during storage at 5 °C. 
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Figure 3.8.  b* value of fresh-cut (A) cantaloupe and (B) pineapple during storage at 5 °C. 
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Figure 3.9. Relationship between GABA concentration with (A) total phenolics, (b) total 
ascorbic acid in fresh-cut pineapple during storage 5 °C 

Data shown are subjected to linear regression analysis. *** = significant at 0.001. 
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Table 

 

Table 3.1.  TAA and DHA concentrations (mg kg-1) of fresh-cut cantaloupe, cauliflower 
and pineapple during storage at 5 °C. 

Time (days)  Cantaloupe Cauliflower Pineapple 

Total AA       

0 295.2a 576 a 495.3a 

3 273.6 a 508 a 428.3b 

6 267.5 a 573 a 383.1c 

9 256.8 a 537 a 372.2c 

    

DHA    

0 10.5 a 74.7 a 9.6b 

3 19.2 a 22.0 a 52.6a 

6 18.8 a 83.5 a 79.8a 

9  9.5 a 23.9 a 70.2a 
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APPENDIX: PRELIMINARY RESEARCH ON EFFECTS OF GABA ON 

SUPERFICIAL SCALD OF APPLE FRUIT 

Introduction 

   RubyFrost™ (NY-2) apple, the offspring of Braeburn and Autumn Crisp, is a cultivar 

with excellent storage and shelf life properties. The fruit has high sugar levels and moderate 

acid that provide a balance of sweet and tart, is a good source of vitamin C (Garris, 2013).  

However, the fruits are susceptible with superficial scald stored for 4 months, especially in 

fruit from earlier harvest dates (Brown et al., 2012). Scald is a physiological disorder that 

develops during low temperature storage in air or controlled atmospheres (CA), and is 

thought to be a chilling injury (Watkins et al., 1995). Cultivar, fruit maturity and preharvest 

orchard factors affect susceptibility of apples to the disorder (Emongor et al., 1994); in 

general, immature apples or apples grown under warm and dry environment are most 

susceptible to scald development. Postharvest treatments that increase the risk of scald 

development include high O2 levels, low CO2 levels, ethylene accumulation and poor 

ventilation in the storage. The prevention and control of superficial scald has been reviewed 

(Lurie and Watkins, 2012). CA storage techniques such as ultra-low O2 (ULO), dynamic 

controlled atmosphere (DCA), low ethylene and hypobaric storage system can be used to 

control scald, but in North America, chemical control methods such as diphenylamine 

(DPA) (Watkins, 2003; Jung and Watkins, 2008) and 1-MCP (Watkins, 2008) are usually 

the main method used for scald control. 

   Recently, the effects of GABA on chilling injury of bananas, peaches and Antherium 

flowers have been investigated. In peaches for example, GABA treatment decreased 
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chilling injury incidence by enhancing the enzymatic antioxidant system and maintain 

energy status in peach fruit (Shang et al.,2011; Yang et al., 2011). Wang et al. (2014) also 

found that the application of GABA alleviates chilling injury of banana fruit by inducing 

the accumulation of proline and enhancement of antioxidant defense system.  

   The effects of exogenous GABA application have not been tested in apple fruit. The 

objective in this study is to use dipping treatment in a preliminary trial to investigate if 

there is any effect of GABA on scald incidence on RubyFrost™ apple. 

 

Materials and Methods 

Fruit and GABA treatment. RubyFrost™ apples were harvested from trees growing at 

the Cornell Orchards on October 6, 2014. GABA was applied by dipping treatment. Four 

concentrations (5, 10, 20, and 40 mM) of GABA solution with 0.05 % surfactant, water 

and 0.05% surfactant were used and three replicates of 20 fruits were applied dipping 

treatment for 1 min. After dipping treatments, all fruit were stored at 1.5 ºC in air, and 

visually assessed at monthly intervals for four month. 

Chilling injury evaluation. Superficial scald is used to evaluate the development of 

chilling injury in RubyFrost™ apple. The degree of chilling injury was visually assessed 

on the fruit surface. The severity of the scald was rated as no scald (Grade 0 = 0% of the 

fruit surface), slight (Grade 1 = 1-10% of the fruit surface), moderate (Grade 2 = 11-25% 

of the fruit surface), moderate/severe (Grade 3 = 26-75% of the fruit surface) or severe 

(Grade 4 = 76-100% of the fruit surface). Both the scald index and scald incidence were 

calculated. The incidence was calculated as a percentage of fruit displaying disorder 
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regardless of severity (Calvo et al., 2015). The scald index was calculated by the formula 

(Pesis et al., 2009):  

Scald index = ∑ [(severity grade) × (number of fruits per grade)] / total number of fruit. 

 

Data analysis. Experiments were performed using a completely randomized design. 

Analysis of variance (ANOVA) was performed for the quality indices. Means were 

separated at the 5% significance level by the Tukey test using SPSS 18.0 statistical software 

(SPSS Inc., Chicago, IL, USA). 

 

Result 

   By month 3, scald was observed in fruit in all GABA concentrations (Table A). Scald 

incidence increased further by month 4.  However, no effect of GABA on scald incidence 

of the fruit was detected. 

 

Discussion  

  Data presented in this study indicated that GABA dipping treatment did not protect 

RubyFrost apple fruit from scald.. Wang et al. (2014), Yang et al. (2011) and Shang et al. 

(2011) used banana and peach fruit, which are chilling sensitive. Compared with these fruit, 

scald of apples takes much longer to develop, and it is possible that the prolonged storage 

time alleviated the effect of GABA.  
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Table 

Table A. Scald incidence and scald severity index of RubyFrost apple treated with 0, 5, 
10, 20 and 40 mM GABA. 

 Scald incidence (%) Scald index 

Treatment 3rd month 4th month 3rd month 4th month 

Water control 7 50 0.1 0.63 

Surfactant control 25 57 0.33 0.80 

5 mM GABA 13 64 0.17 0.87 

10 mM GABA 15 67 0.25 1.00 

20 mM GABA 15 63 0.23 0.90 

40 mM GABA 2 67 0.02 0.93 

Not significant different among treatments 
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