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ABSTRACT  
Background: Background: There is increasing concern about the wax apple fruit growth and colour development as well as fruit quality, 
worldwide. Its great potential had been valued by the old folks and now it is getting famous as more attention given in exploring fruits and 
as an alternative for medicine. The aim of this review is describe in detail the physiochemical changes during color development and 
ripening stage. Fruit growth and color development it takes arround 5 and 2 weeks and growth pattern is sigmoidal curve. It also 
recommended that fruit ripening it takes only one week and fruits should not be harvested before they are ripened. Fruit juice acidity, TSS 
and total sugar content significantly increased during and maturing and ripening of fruits. The taste, flavor and physiochemical properties of 
wax apple fruit do not improve after harvest. Pre harvest treatments with growth regulators, growth promoting chemicals and phloemic 
stress were found to have an effect on physiochemical characteristics of wax apple at ripening and after ripening. Conclusion: The 
application of GA3 and NAA during fruit development stages improved the colour development and shortened the harvesting periods. Fruit 
quality such as firmness, fruit juice, fruit biomass, TSS and Total sugar content of fruits. C-Shaped  phloemic stress stimulates colour 
development and increased the fruit quality. Growth promoting chemicals hydrogen peroxide also have significant role on fruit quality 
improvement. H2O2 application at 5 and 20 mM concentration produced better quality of fruits under field conditions. This review article 
provides information about wax apple fruits in detail in term of pigmentation and physicochemical characteristics of wax apple. 
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INTRODUATION 
 

The wax apple 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 [1]. Malaysian climate is suitable for the wax apple production and the 
fruit can be harvest all year-round [2]. 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 [3]. The pear-shaped fruits are usually pink, 
light red, or red but may be greenish-white or cream-colored, and are generally crisp, often juicy, refreshing, 
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with a subtly sweet taste and aromatic flavor. Wax apple fruits are eaten raw with salt or cooked as a sauce. 
Almost all of the fruit is edible. The fruit pulp is a rich source of phenolics, flavonoids and several antioxidant 
compounds and as a result is believed to have great potential benefits for human health. In addition to its use as 
food, it has also been used in traditional medicine for a variety of illnesses and conditions. The fruit can be used 
to treat high blood pressure and several inflammatory conditions, including sore throat, and can also be used as 
an antimicrobial, antiscorbutic, carminative, diuretic, and astringent. Ninety per cent or more of the fruit is 
edible and the fruit pulp is rich sources of phenolics, flavonoids and several antioxidant compounds [4]. In 
addition to its use as food, the wax apple has great potential benefits for human health because it is a rich source 
of polyphenolic antioxidants [4]. 

Manipulating the vegetative and reproductive growths of fruit trees has long been the goal of growers and 
researchers in agriculture. There are several agricultural techniques have been used for improved yield of 
horticultural products. Mutation breeding, genetic engineering, ionizing radiation, cross breeding, tissue culture 
and biochemical and DNA markers are important methods and tools for crop improvement that have been 
employed over the years and recently [5]. In the new millennium, plant growth regulators are perhaps one of the 
most powerful tools available for achieving this goal [6]. Fertilizer application also affects the growth and 
development of plants [7]. Moneruzzaman et al [8] also reported that GA3 and sucrose application improve the 
plant growth and flowering of plants. Artificial defoliation creates negative effects on crop yield and quality [9]. 
Seasonal variations and drought after the quality of plants [10]. It has been well documented in the literature that 
the size and quality of the fruits can be affected by certain horticultural practices, such as the application of plant 
growth regulators, growth promoting chemicals and growth manipulation of trees [3]. GA3 increased the juice 
and sugar content in various mandarin oranges and the anthocyanin content and peel colour in strawberry fruit 
[11].  It was reported that application of NAA reduced the fruit drop, increased yield, TSS, total sugar and 
vitamin-C contents in guava fruits [12]. Growth promoting chemicals (hydrogen peroxide) have also positive 
effects on fruit quality of wax apple [13]. The ringing of trees can bring about an increase in the size and sugar 
content as well as quality characteristics of fruits and cause them to mature a few days to a week earlier as was 
shown in apple [14]. The aim of this review is to provide a detail report about the physico-chemical changes 
during and after ripening of wax apple fruits.  
 
Physicochemical changes in fruits during ripening: 

Fleshy fruits have been classified into two categories: climacteric and non-climacteric [15]. Non-climacteric 
fruit will not ripen after harvest whilst climacteric fruits will ripen and get softer and sweeter after harvest. The 
biochemical process involved is that climacteric fruits give off large amounts of ethylene gas (a natural plant 
hormone) whereas non-climacteric fruits give little or no ethylene gas. Ethylene, considered as being the 
ripening hormone, controls ripening by coordinating the timely activation of many genes. Considerable progress 
has been made in the characterization of the ethylene biosynthetic pathway. Besides ethylene, other hormones 
and environmental factors affect the ripening process as well [16].  

Climacteric fruits can be harvested at any time between the mature and ripe stages. If the fruits are 
harvested as soon as they are mature, the ripening period can be used to transport and market the fruit, and the 
‘shelf-life’ of climacteric fruit can be extended for weeks or months, facilitating long distance trade. Climacteric 
fruits usually undergo dramatic changes during "ripening" and these changes have often been associated with a 
large increase in respiration and ethylene production [17]. The wax apple fruit (S. samarangense) is a non-
climacteric tropical fruit according to Morton [18] and [2].  
 
Postharvest changes in non-climacteric fruits: 

Non-climacteric fruits do not change significantly after harvest and have mature fruits that ripen gradually, 
at a steady pace. These fruits should not be harvested before they are ripened because the ripening process stops 
as soon as they are picked. The taste, flavor and texture of an unripe fruit do not improve after harvest. 
Harvesting at the ripe stage implies that the fruit should be eaten soon and this means that there is little time for 
transport, trade and display in the market. On the other hand the harvest time may range widely, depending on 
the preferred quality. 

Non-climacteric fruit do not exhibit the increase in respiration or the rise in ethylene production. The 
ripening of some non-climacteric fruit may be ethylene-independent although several studies have shown that 
ethylene has some effects on non-climacteric fruit such as cherries, citrus, and strawberries. Gong et al. [19] 
reported that exogenous ethylene stimulated respiration and accelerated the development of stem browning in 
the sweet cherry fruit. Ethylene has also been shown to be involved in the regulation of maturation and 
senescence in citrus fruits [20]. 
 
Tissue firmness: 

Firmness of tissue is another important aspect of fruit quality and this depends on the stages of fruit 
maturity as the fruit softens when it ripens. This occurs as selected cell wall hydrolytic enzymes such as 
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pectinase, breaks down the cell wall matrix and allows the cells to slide more easily against each other and 
hence the softness in fruits on ripening [21]. Textural change in ripening fruit is related with changes in cell wall 
composition and, particularly, in the loss of pectic substances as the production of pectic enzymes increases on 
ripening. Softening of fruits is brought about by the removal of the methyl ester groups from pectin [22] in the 
cell wall by pectin methyl esterase, allowing the action of polygalacturonase over the resulting polymer 
producing a reduction in the intercellular adhesiveness and tissue rigidity [23]. However, pectin modification is 
important in textural changes [24]. An increase in the activities of the enzymes polygalacturonase and pectin 
methyl esterase has been shown in guava (Psidium guajava L.) [21]. Guava extracts are viewed as an incredibly 
rich source of naturally synthesized chemical compounds [25]. They also reported that among the cell wall 
polygalacturonase activities increased significantly from 85 units at MG (mature green) stage to 162 units/g fruit 
weight at overripe stage. These results showed that polygalacturonase plays a major role in fruit ripening. 
Ribeiro et al. [26] reported that pulp firmness in mango fruit decreases with increasing ripening period as the 
pectin content decreases and the soluble solids content increases. It was also reported that in storage, NAA 
treated fruits exhibited higher TSS and firmness and less weight loss, browning, titratable acidity, respiration 
and ethylene production than the control [8].  From another study, it can be reported that 50 mg L-1 GA3 once 
each week from the beginning of flower opening through fruit development, exhibited stimulated PAL activity 
and anthocyanin biosynthesis of the wax apple fruits under field conditions [27]. 
 
Fruit juice and pH of fruit juice: 

It has been reported earlier that the jambu madu cultivar had the medium time for fruit development 
compared to other cultivars also produced the highest amount of juice content (ml/100 g) [29]. The earliest peel 
color and the fruit maturity were observed in ‘Masam manis pink’ cultivar. Some other quality parameter like 
peel, pulp, biomass and juice color, aromatic flavor, texture and taste were also differ among the cultivars  of 
Syzygium samarangense. They also reported that Jambu madu Red’ and ‘Masam manis pink’ ‘cultivars were 
comparatively better than ‘Giant Green’ cultivar if cultivated under South Asian conditions. Large variability 
has been observed in all physiochemical characteristics of three cultivars of wax apple and that was due to their 
different genetic makeup [29]. The localized application (rubbing) of 50 mg GA3/l significantly increased the 
color development, weight and yield of wax apple. GA3 50 mg/l treatment increased the juice content, K+, TSS, 
total sugar and sugar acid ratio of wax apple fruits [30]. 

 pH is an important parameter in color changes of ripening fruits. In full-grown fruit, cells are comprised 
mainly of the vacuole, with the cytoplasm being reduced to a thin layer compressed between the tonoplast and 
cell wall [31]. The vacuole accumulates organic acids, sugars and phenolic compounds including anthocyanin 
pigments. The accumulation of organic acids results in a buffered solution. This buffering capacity an increase 
in pH and a reduction in titratable acidity (TA) in the juice of strawberry was measured by Holcroft and Kader 
[32]. They reported an increase in pH over the 10-day storage period and a decrease in titratable acidity (TA) in 
the juice of strawberry. Since pH has a profound effect on anthocyanin stability and color expression, 
particularly in an aqueous solution, changes in pH could result in significant losses in color. Minor changes in 
pH can have a significant consequence on the colour expression of anthocyanin since the acidity of the solution 
affects the ratio between the various forms of the pigments [32]. The color variation in the aqueous solutions of 
anthocyanin crude extracts was within the pH range 2.0–6.2, that is to say under and above the most common 
pH values in foods [33].  

Some studies have suggested that pH and mineral composition, may affect the catalytic activity of cell wall 
enzymes [34]. The acidification of the apoplast over the pH range can provide a mechanism for the regulation of 
the catalytic activity of cell wall enzymes [35]. Pinheiro and Almeida [35] reported that pH affected pectin 
dissolution and pericarp softening. In a study on the physical and chemical changes during ripening of 
blackberry fruits, it was observed that the acidity was inversely related to pH [36]. The ripened sample which 
had a low acid content had a correspondingly high pH.  Moneruzzaman et al [37] reported that peel color, fruit 
firmness, juice content, pH value, total soluble solids (TSSs), and the sugar acid ratio were all significantly 
increased in growth regulators (PGRs) treated fruits. It was also reported that application of 50 mg/L GA3, 
10mg/L NAA, and 5 mg/L 2,4-D once a week from bud development to fruit maturation increased the 
physiochemical and phytochemical properties of wax apple fruits.  
 
Total Soluble Solid Content (TSS): 

Soluble solids include the soluble sugars sucrose, glucose and fructose as well as acids. Total soluble solids 
(TSS) or sugar content is considered to be an important parameter of quality attribute for many fresh fruits [38]. 
TSS is also an important parameter to consider in determining the time of harvesting. Increase in soluble solids 
could be attributed to the decomposition of the cell wall which causes release of water-soluble components [39]. 
Reaves [40] reported that the increase in total soluble solids is probably due to the increase in water-soluble 
galacturonic acids from the degradation of pectic substances by polygalacturonase (PG). Sharaf and El-Saadany 
[41] indicated that the increase in soluble solids content in guava could be attributed to the conversion of starch 
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to sugars. Increase in total soluble solids (TSS) and decrease in acidity are some indicators of sweetness of fruits 
such as mango [42]. Islam et al. [43] reported that the percentage TSS of banana increased during ripening. 
They explained that increase in TSS of fruits might be attributed due to increase in soluble sugars, soluble pectin 
and soluble organic acids. In sweet orange total soluble solids declined during storage up to 45 days and then 
increased at the interval of 75 days[44]. Girdling techniques increased juice percentage, fruit dry matter, 
biomass, TSS content and K+ content in juice of wax apple fruits [13]. Among the different types of girdling, C-
shaped girdling increased the highest TSS content than the other treatments [2]. Application of GA3 at 50 mg/L 
increased fruit juice, total soluble solids (TSS), total sugar and total fresh biomass of wax apple fruits [45]. TSS 
content differs among the different cultivars of fruits. Among the three cultivar of wax apple, the highest content 
of TSS was recorded in jambu madu cultivar [46]. Lowest amount of TA, highest TSS, sugar acid ratio and 
carotene content were also observed in Jambu madu cultivar. Javanmardi and Kubota [47] showed that during 
maturation and ripening of tomato fruits were changes in total soluble solid such as the ratio of glucose to 
fructose and organic acids during storage. Ribeiro et al. [26] (2007) reported that the total soluble solids content 
increases in mango during ripening. It has also been reported that during ripening there was a slight and 
insignificant increase in the soluble solids content in blackberry at the green and red ripening stages. However at 
the ripened stage, the change in soluble solids was significantly different [36].   
 
Titratable Acid (TA) Content: 

Juice acidity is an important parameter in defining quality. Total acidity which is also loosely referred to as 
titratable acidity is a measure of the total acid in the fruit. It is related to pH but the concepts are not identical. 
While pH measures acid strength or proton concentration, TA measures the amount of acids present and these 
are generally weak acids such as malic acid in apple, citric acid in citrus, oxalic acid in rhubarb, tartaric acid in 
wine and lactic acid in sour milk, which do not contribute much protons in solutions and thus although being 
acidic, do not change the pH drastically. 

Fruit taste is a balance between acids, sugars and volatiles present. Khandaker et al [48] showed that the 
total soluble solids content increased during maturity of wax apple fruit, whereas the acidity decreased probably 
due to increasing water content and size of the fruit. They also suggested it could be due to the use of the acids 
as respiratory substrates. Clementine fruit that has less than 0.8% acidity is more and more considered of low 
quality as the sugars triumph over the acids and thus the fruit has an insipid taste and is also more prone to post 
harvest decay organisms. Chang et al [49] working on jackfruit, observed that the titrable acidity throughout 
ripening process was in the range of 0.3- 0.9%. However, Tosun et al. [36] showed that titratable acidity 
increased during development in blackberry, but decreased in ripe fruits. The change in total titrable acids 
during storage was probably mainly due to the metabolic activities of living tissues during which depletion of 
organic acids takes place. 

In addition Chahidi et al [50], reported that juice titratable acidity of citrus fruit ranged between 0.8 and 
1.5% (in during 3 months storage), which had the greatest value (3.2%) at the first date of harvest, and declined 
with time as fruit over matures. Acidity is also perceived in degrees of sourness and decreases as the grapes 
become ripe. Tartaric acid is the primary acid, but others such as malic and citric can be found as well. As the 
harvest date draws near, TA in the fruit drops (due to the respiration of malic acid). It is important to pick the 
fruits with enough TA or an adjustment will need to be made. Fruits of both Masam manis (pink) and Jambu 
madu (red) cultivars are the ultimate sources of vitamin-C and less titratable acidity. On the contrary, titratable 
acidity content was higher in fruits of Giant green (green) cultivar [51]. Earlier color development, fruit 
maturity, highest vit-C and anthocyanin content were found in ‘Masam Manis Pink’ Khandaker et al [52]. 
 
Total Sugar Content: 

One of the most important biochemical changes during ripening in fruits is the increase in sugar 
concentration and this decisive factor has also been often used in quality determination. Mono and disaccharides 
with a sweet flavor are commonly called sugars and are present in a significant amount in fruits and their 
derivatives, glucose, fructose and sucrose being the main sugars which can be found in fruits and fruit juices 
[53].  

The sweetness and energy content of fruits depend to a large degree on its sugar to acid ratio. Therefore, an 
increase in the content of the simple sugars usually brings about a sweeter fruit especially if this is accompanied 
by a decrease in the organic acid and phenolics content to minimize acidity and astringency [54]. In most fruit, 
there are high percentages of fructose, glucose and sucrose during ripening and there may be an absence of very 
minute amounts of free sugar during the immature stages. There is an increase in free sugar content (fructose, 
glucose and sucrose) of fruit with increasing ripeness [55]. Jordan et al. [55] has shown that starch lost during 
ripening was accounted for by the increase in the glucose and fructose sugar pools in kiwifruit. Chan et al. [56] 
reported that sucrose made up less than 18% of the total sugar content in mature green Carica papaya (110 days 
after anthesis). However, it increased rapidly to make up 80% of the sugars, 25 days later (fully riped stage).          
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Bashir and Abu-Goukh [57], reported a remarkable increase in total sugars in guava was attributed to an 
increase in the activity of enzymes responsible for starch hydrolysis and the decline in the rate of sugar 
breakdown by respiration. Adao and Gloria [58] also reported that in banana the green fruit had high starch and 
low soluble sugars levels. Starch levels decreased significantly throughout ripening whilst fructose and glucose 
levels increased. Kulkarni and Aradhya [59] working on pomegranate arils showed an increase in concentration 
of TSS, total sugars and reducing sugars during fruit development. The lowest TSS (13%), total sugar (12.6%) 
and reducing sugar (12.2%) contents were recorded in 40 day-old fruits. A significant increase in all of the 
above three constituents was recorded after the 80 th day of fruit development and the highest TSS (15.3%), 
total sugar (16.6%) and reducing sugar (15.7%) contents were recorded in 140 day-old fruits. The changes in 
sugar content with fruit development in oriental melon showed that glucose and fructose were the major sugar of 
these fruits from 10 to 30 days after pollination. However a very small quantity of sucrose was detected. The 
changes in sugar content gradually increased from 10 to 30 days after pollination, and doubled 35 days after 
pollination. The change in sucrose content of fruits at 30 days after pollination was 0.2- 0.6 mg g-1. However 
the sucrose content at 35 days after pollination rapidly increased up to 40.7- 45.1 mg g-1. The sucrose content 
quickly increased in full ripens fruit [60]. While respiration represents the glycolytic carbon flux, the rate of 
sugar accumulation represents gluconeogenic carbon flux. During the ripening process, carbon is simultaneously 
shunted in both directions. Rapid fluctuation of fructose 2, 6-bisphosphate in pea and banana tissue may 
represent one means of fine control of the glycolytic pathway. Fructose 2, 6-bisphosphate stabilizes the enzyme 
ATP-phosphofructokinase which favors glycolysis and inhibits fructose bisphosphatase which favors 
gluconeogenesis. Hydrogen peroxide has a great effect on the fruit growth and development as well as quality of 
fruits. With the optimum concentration of H2O2, the K (+), anthocyanin and carotene contents, flavonoid, 
phenol and soluble protein content, Sucrose Phosphate Synthase (SPS), Phenylalanine Ammonia Lyase (PAL) 
and antioxidant activities in the treated fruits are increasing [43]. It was reported that spraying with 5 and 20 
mM H2O2 once a week increased the sugar content of wax apple fruits under field conditions. [61]. 
 
Conclusion: 

Judging from the literature discussed above, it is apparent that fruit ripening is a very complex process with 
various mechanisms involved. From a physiological and biochemical perspective, exogenous plant growth 
regulators, hydrogen peroxide and girdling plays a crucial role in fruit quality improvement during and after 
ripening. Hence it can be said that plant growth regulators, hydrogen peroxide and girdling had a enormous role 
in quality improvement of wax apple fruits.  
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