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Abstract   

  

A study was carried out to investigate the effects of gibberellic acid on chlorophyll fluorescence, phenylalanine ammonia lyase 

(PAL) activity and anthocyanin biosynthesis in Syzygium samarangense var. jambu madu fruits. Selected horticultural parameters 

were monitored during the growth period from May 2014 to April 2015 using different concentrations of GA3 ranging from 20 to 

100 mg L-1. Results revealed that 50 mg L-1 GA3 treatment increased chlorophyll content, soluble protein and produced the 

highest chlorophyll fluorescence and quantum yield. It was observed that 50 mg L-1 GA3 treatments increased the PAL activity 

and anthocyanin content of fruits significantly. Furthermore, a positive correlation (R2 = 0.69) between the PAL activity and 

anthocyanin biosynthesis was observed in treated fruit. With regard to fruit maturity, red ripen stage showed the highest PAL 

activity and anthocyanin content. From this study, it can be concluded that 50 mg L-1 GA3 once each week from the beginning of 

flower opening through fruit development, exhibited highest chlorophyll fluorescence and quantum yield, stimulated PAL 

activity and anthocyanin biosynthesis of the jambu air madu fruits under field conditions. 

 

Keywords: Wax apple, gibberellin, chlorophyll fluorescence, PAL, anthocyanin, quality. 

Abbreviations: PAL_ Phenylalanine ammonia-lyase, GA3_Gibberellic acid, PSII_Photosystem II, FW_Fresh weight, 

F_Flourescence. 

 

Introduction 

 

The jambu air is a tropical fruit which belongs to the genus 

Syzygium in the family Myrtaceae and is fairly widely 

cultivated and grown throughout Malaysia mainly as 

smallholdings ranging from 1 to 5 ha with its hectare age 

estimated at 1,500 ha in 2005 (Zen-hong et al., 2006). 

Malaysian climate is suitable for the wax apple production 

and the fruit can be harvest all year-round (Khandaker et 

al., 2011). It has become an increasingly popular fruit in the 

tropical region where it can fetch a price of up to 3USD per 

kilogram and has the potential to bring great benefit to local 

farmers and the country’s economy. There is a great scope 

to develop wax apple industry in Malaysia and other 

tropical countries. It has been well documented that the 

quality of the fruits can be affected by certain horticultural 

cultural practices, such as the application of plant growth 

hormones (Guardiola, 1992). PGRs enhance the rapid 

changes in physiological and biochemical characters and 

improve crop productivity. GA3 has been found to increase 

fruit firmness, color, yield, and soluble solid content (Basak 

et al., 1988).  Lim et al. (2004) reported that mepiquat 

chloride and GA3 alone or combined, increased leaf area 

and chlorophyll content in grape. Color is an extremely 

important quality factor and indicator of the eating quality 

of fruits (Moneruzzaman et al., 2008). The color of the 

fruits depends on their lycopene and B-carotene. Wax apple 

fruit color range from green to yellow green to pink to red 

and fully deep red (Moneruzzaman et al., 2011). 

Anthocyanin pigments are responsible for the red, purple, 

and blue colors of many fruits, vegetables, cereal grains, 

and flowers and as a result, research on anthocyanin 

pigments has intensified recently because of their possible 

health benefits as dietary antioxidants (Ronald, 2001). 

Moneruzzaman et al. (2010) reported that application of 

citokinin increased the color and postharvest quality of 

Bougainvillea flowers. Fruit pigmentation is one of the 

significant aspects of fruit quality. The accumulation of 

anthocyanins, the principal pigments, is developmentally 

regulated. Chlorophyll, the predominant pigment in 

immature fruit, disappears at 3 weeks after anthesis (WAA) 

resulting a white surface, then anthocyanin accumulates 

until full maturity (Cheng and Breen, 1991). Phenylalanine 

ammonia-lyase (PAL) is one of the key enzymes in 

controlling anthocyanin biosynthesis from phenylalanine 

(Tucker, 1993). Teresa et al. (1998) reported that 

exogenous treatments of GA3 improve colour of strawberry 

fruits, and affect PAL activities. Nevertheless, it must be 
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emphasized that the positive effects of PGRs on the quality 

of wax apple are dependent on types, dose, and 

environmental conditions (Khandaker et al., 2012). Yuhua 

et al. (2001) reported that PAL activity high in young fruits, 

decreased to a white maturity stage and then increased until 

the fully ripe stage in strawberry fruits. McGlasson et al. 

(1978) suggested that these substances have an important 

incidence on the biosynthesis of the anthocyanins. Scarcity 

of information about the role of the gibberellic acid on fruit 

ripening of wax apple is evident.  

In this study, we report investigations of PAL activity 

responsible for wax apple colour during development and 

ripening and the effects of exogenous treatments with GA3 

on soluble protein, chlorophyll fluorescence and quantum 

yield of wax apple and also the possible relation between 

the PAL activity and anthocyanin biosynthesis. 

 

Results and Discussion 

 

Chlorophyll  a content in wax apple leaves 

 

Leaf chlorophyll content provides valuable information 

about physiological status of plants. It has been reported 

that GA3 increased the leaf area and chlorophyll content in 

apple leaves (Lim et al., 2003). As shown in Fig. 1, the 

chlorophyll content in leaves from all the treated branches 

was highest (3.73 mg L-1) in the 50 mg L-1 GA3 treated 

branch, followed by 20 and  100 mg L-1 GA3, with a value 

of 3.66 and 3.11 mg L-1 respectively, whereas control 

treatment showed the lowest (2.96 mg L-1) chlorophyll 

content. The data between the treatments and control was 

found to be statistically significant different. Similar results 

were found in our previous study, that the application of 

gibberellins increased the chlorophyll and protein content 

in the wax apple fruits (Moneruzzaman et al. 2012).  

 

Chlorophyll fluorescence and soluble protein content 

 

Measurements of chlorophyll fluorescence are linearly 

correlated with the functionality of PSII, where F0 and Fm 

are the chlorophyll fluorescence yields corresponding to 

open and closed PSII reaction centres, respectively (Ilis et 

al., 2007). Different GA3 treatments produced the 

significant effects on chlorophyll fluorescence in the leaves 

of wax apple (Table 1).The highest fluorescence (Fm) was 

observed in 50 mg L-1 GA3 branch followed by 20 and 100 

mg L-1 GA3 with a value of 3727 and 3330, whereas, leaves 

of control branch produced the lowest (2647) Fm value.  

Lower fluorescence (F0) was highest in 20 mg L-1 GA3 

treatment followed control and 50 mg L-1 GA3 treated 

leaves , whereas, 100 mg L-1 GA3 was the lowest. Variable 

fluorescence (Fv) was highest in 50 mg L-1 GA3 treated 

branches followed by 20 and 100 mg L-1 GA3, whereas, 

control performed least fluorescence (Table 1). GA3 

treatments also produced the significant effects on the 

quantum yield or photosynthetic yield. From the Table 1, it 

could be seen that optimum quantum yield [(Photosynthetic 

yield (Fv/Fm)] was highest (0.78) in 50 mg L-1 GA3 

treatment followed by 20 and 100 mg L-1 GA3 treatment 

with a value of 0.75 and 0.74 while, control produced the 

least 0.66 photosynthetic yield. Georgia et al. (2010) also 

suggested that application of GA3 increased the maximum 

quantum yield of primary photochemistry (Fv/Fm) and the 

ratio of Fv/Fm in Capsicum annum L. Protein content were 

measured from the selective leaves of treated branches. 

From the results, it can be seen that gibberellin treatment 

had a significant effect on leaves soluble protein content. 

As can be seen in Fig. 2, 50 mg/ L GA3 treated leaves 

produced on average the highest (24.81mg g-1 FW) soluble 

protein content followed by  100 and 20 mg L-1 GA3 with a 

value of fruits 20.62 and 16.21 mg g-1 FW respectively, 

whereas, control produced the lowest (11.51 mg g-1 FW) 

amount of soluble protein content. Lu et al. (2010) reported 

similar results in rapeseed and stated that in stress condition 

gibberellin could increase soluble protein content in leaves. 

 

PAL activity in wax apple fruits 

 

Phenylalanine ammonia-lyase (PAL) is one of the key 

enzymes in controlling anthocyanin biosynthesis from 

phenylalanine (Tucker, 1993). McGlasson et al. (1978) 

suggested that gibberellin (GA3) have an important 

incidence on the biosynthesis of the anthocyanins. Results 

showed that gibberellin treatment had a significant effect 

on PAL activity in the treated fruits (Fig. 3). Gibberellin 

(50 mg L-1) treatment increase the PAL activity (89.54 

nmol-Cinnamic acid g-1 FW) followed by 100 mg L-1 and 

20 mg L-1 GA3 treatment only, with 59.35 and 56.31(nmol-

Cinnamic acid g-1 FW) PAL activity, respectively. The 

control treatments produced the lowest PAL activity 44.84 

(nmol-Cinnamic acid g-1 FW). These results were found to 

be in consonance with that of Terasa, et al. (1998) who 

reported that GA3 increased the PAL activity in strawberry 

plant. The application of various concentration of GA3 had 

a significant effect on the PAL activity versus time (Fig.4). 

As can be seen in Fig. 4 gibberellic acid treated fruit 

produced significantly the highest amount of Cinnamic acid 

yield versus time.                                                

At the 30 min of observations, the highest cinnamic acid 

yield was 223 nmol g-1 FW observed in the 50 mg L-1 GA3 

treated fruits followed by 20 mg L-1 GA3 and control 

treatment with cinnamic acid yield of 171 and 156 nmol g-1 

FW respectively, whereas, the lowest cinnamic acid yield 

of 114 nmol g-1 FW was observed in the 100 mg L-1 GA3 

treatments (Fig.4). Higher concentration of gibberellin 

showed the negative effects on PAL activity, probably as a 

result of decrease in the respiratory activity and a delay in 

anthocyanin synthesis and chlorophyll degradation. Our 

results suggest that PAL activity (cinnamic acid yield) 

increase with the incubation time. Similar findings reported 

by Yueming and Daryl (2003), they reported that PAL 

activity increase versus time in strawberry fruits. From the 

results it was observed that different stages of fruit 

development had significant effects on PAL activity in wax 

jambu fruits (Fig.5). As can be seen that, at the early fruit 

developmental stage PAL activity a little bit high, then 

decrease up to mature green stage and subsequently 

increase up to fully ripen red stage. These findings are in  
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Table 1. The effect of different treatments of GA3 on chlorophyll fluorescence of wax apple leaves. 

                     Treatment        F0              Fm                   Fv                    Fv/Fm 

                     Control             892 ± 55a          2647 ± 208d            1755 ± 185c       0.66 ± 0.035c 

                    GA3 20mg/L     930 ± 54a          3727 ± 522b            2797 ± 235b     0.75 ± 0.026b 

                    GA3 50mg/L     881 ± 63a          4084 ± 169a            3203 ± 231a     0.78 ± 0.025a 

                    GA3 100 mg/L   859 ± 80a          3330 ± 400c           2471 ± 125b                0.74±0.035b 

ns                    **                          **                              * 
Means (±S.E) within the same column followed by the same letter, do not differ significantly according to LSD test at ά=0.01 ns, non-significant * Significant at 0.05 

levels, ** Significant at 0.01 levels 

 
Fig 1. The effect of different treatments of GA3 on chlorophyll a (mg L-1) content of wax apple fruits. 

                                               

 
Fig 2. The effect of different treatments of GA3 on soluble protein (mg g-1 FW) of wax apple leaves. 

 

 
Fig 3. PAL enzyme activity (nmol-cinnamic acid g-1 FW) as affected by different treatments of GA3 in wax apple fruit. 

 

 
Fig 4. PAL enzyme activity (nmol-cinnamic acid g-1 FW) versus time in GA3 treated wax apple fruits. 
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Fig 5. PAL activity (nmol-cinnamic acid g-1 FW) at different fruit developmental stages of wax apple fruits. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6. PAL activity (nmol-cinnamic acid g-1 FW) versus time at different stages of wax apple fruit development. 

 

 

 
                                                     

Fig 7. The effect of different treatments of GA3 on anthocyanin (mg L-1) content in wax apple fruits. 

 
Fig 8. The effect of different stages of fruit development on anthocyanin content in wax apple fruits. 
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Fig 9. Correlation between PAL activity and anthocyanin content in GA3 treated wax apple. 

 

 

agreement with those obtained by Sujitra, et al. (2005). 

They reported that PAL activity decreased at early stage 

and increased at the final stage of fruit maturity in 

mangosteen. PAL can be induced by a wide range of 

factors including wounding, temperature, lights and 

chemicals and can be induced at any fruit developmental 

stages (Tucker, 1993).  From the results shown in Fig. 6, it 

can be seen that PAL activity was highest in ripening stage, 

followed by green pit stage and colour turning stage to the 

whole obserbations periods. At the 45 min of observations, 

the highest cinnamic acid yield was 223 nmol g-1 FW, 

observed in the red ripen fruits followed by green and color 

turning stage with cinnamic acid yield of 171 and 156 nmol 

g-1 FW respectively, whereas the lowest cinnamic acid 

yield of 114 nmol g-1 FW was observed in the mature green 

fruit (Fig.6). Cinnamic acid yield was found to be 

statistically significant among the different stages of fruit. 

Shigeki et al. (1981) found similar results in Rhodotorula 

glutinis. They reported that PAL activity (cinnamic acid 

yield) increased with the incubation time. 

 

 Anthocyanin content  

 

Anthocyanin pigments are responsible for the red, purple, 

and blue colors of many fruits, vegetables, cereal grains, 

and flowers and as a result, research on anthocyanin 

pigments has intensified recently because of their possible 

health benefits as dietary antioxidants (Ronald, 2001). The 

application of various concentration of GA3 had a 

significant effect on the anthocyanin content of wax apple 

fruits (Fig.7).The anthocyanin content of fruits showed a 

strong correlation with the GA3 concentrations applied. 

Results showed that, anthocyanin content in fruits treated 

with up to 50 mg L-1 treatment but thereafter decreased. 

The highest amount of anthocyanin was observed in 50 mg 

L-1 treated fruits followed by 100 and 20 mg L-1 treatment, 

whereas untreated control fruits showed the lowest 

anthocyanin content. These results concur with the findings 

of Roussos et al. (2009) who observed that anthocyanin 

content in strawberry fruit increased significantly when the 

plants were treated with GA3 hormone. Fruit pigmentation 

is one of the significant aspects of fruit quality. In most of 

the fruits, the accumulation of anthocyanin is 

developmentally regulated (Rousses et al., 2009). From the 

results, it can be seen that different stages of fruit 

development had a significant effects of anthocyanin 

accumulation in the fruits (Fig. 8). In early fruit 

developmental stage anthocyanin accumulation is very low 

until 3 weeks after anthesis, then accumulation started to 

increase until full ripen stage. These results were found to 

be in agreement with that of Cheng et al. (1991) who 

observed that in early stages of fruit development 

chlorophyll and phenolic content is high but anthocyanin 

level is very low. They also stated that anthocyanin 

accumulation stated to increase at full maturity stages until 

fruit ripen condition. Tucker (1993) observed PAL activity 

only in the red parts of the apple skin and concluded that 

PAL activity was closely related to the formation of 

anthocyanin. 

 

Correlation between PAL activity and anthocyanin 

content 

 

 Fig. 9, shows the relationship between PAL activity and 

the anthocyanin content of the S. samarangense fruits 

studied.  A high correlation between the PAL activity and 

anthocyanin content was observed (R2=0.697). Our results 

are in agreement with the results of Sujitra et al. (2005). 

They suggested that PAL controlled the rate of anthocyanin 

synthesis in mangostene. 

 

Materials and Methods 

 

Experimental site and plant materials 

 

The experiments were performed at a commercial orchards 

located at Banting, Selangor and at experimental farm in 

UniSZA tembila campus, Terengganu, Malaysia. The soils 

of orchard and pot were peat, with a mean pH of 

approximately 4.6. The area under study has a hot and 

humid tropical climate. The experiments were conducted 

between 2010 and 2014. The first season (December 2010 

to May 2011) season experiment was conducted at the farm 

in Banting and the second season (April 2013 to December 

2014) experiment in pot conducted at the farm of Tembila 

campus UniSZA. Twelve-year-old wax apple plants (at 

Banting) and one year wax apple plants propagated through 

air layering (Tembila campus, UniSZA) were selected for 

the study. 
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Treatment application 

 

The selected uniform branches of  plants (around 4 cm 

diameter and one year old) were sprayed with 20, 50 and 

100 mg/l GA3 and water (control) based on a completely 

randomized design with three replications once a week at 

the beginning of flower opening until fruit maturation. A 

total of eight spraying times were carried out; two times 

before anthesis and six times after anthesis and 450 ml GA3 

solution was used per treatment. All the selected fruits were 

harvested and kept in a refrigerator at 4°C prior to 

biochemical analysis. 

 

Measurement of physiological and biochemical 

parameters 

 

The chlorophyll content of leaves at the fruit maturity stage 

was measured by method describe by Hendry and Price 

(1993).  Chlorophyll fluorescence was measured by Plant 

Efficiency Analyzer (Hansatech Instrument Ltd., England). 

Protein was assayed, with bovine serum albumin as the 

standard, by the dye- binding methods of Bradford (1976). 

PAL activities in the buffer supernatant were determined by 

the production of trans-cinnamic acids, from L-

phenylalanine, during 0, 15, 30 and 45 minutes, as 

measured by the absorbance change at 295 nm (Zucker, 

1965). The molar extinction coefficient of authentic trans-

cinnamic acid in assay buffer plus TFA was determined to 

be 19207. Total anthocyanin contents of the hydrophilic 

extracts were measured by the pH-differential method 

described by Rodriguez-Saona et al. (1999). 

 

Statistical analysis 

 

The data obtained were analyzed using MSTAT statistical 

software. One way ANOVA was applied to evaluate the 

significant difference in the parameters studied in the 

different treatments. Least significant difference (Fisher’s 

protected LSD) was calculated, following significant F-test 

(p ≤  0.05). 

 

Conclusion 

 

From the above results, it can be concluded that to increase 

the chlorophyll content, photosynthetic yield and soluble 

protein in wax apple, 50 mg L-1 GA3 was effective 

compared to other treatment. It can be summarized that 

GA3 (50 mg L-1) treatment increase the PAL activity and 

anthocyanin content in the wax apple fruit. It also be 

concluded that PAL activity and anthocyanin content high 

in red ripen stage. Thus, it can be concluded that 50 mg L-1 

GA3 treatment are promising for enhancing the chlorophyll 

fluorescence, protein content and increasing the PAL 

activity and anthocyanin content of wax apple fruit under 

field conditions. 
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