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   Abstract:    Rambutans ( Nephelium lappaceum ) are exotic tropical fruit with a relatively short 
shelf life. Fresh rambutans are bright red or yellow at harvest, but the peel color and spinterns 
darken during storage. Postharvest diseases also limit the successful marketing and export of 
this specialty fruit. Pericarp browning can be delayed when the fruit are held at 8–12 °C and 
95% relative humidity, depending on cultivar. The use of modifi ed atmosphere packaging or 
enhanced CO 2  atmospheres (9–12%) can also maintain the visual quality of rambutans. 
Integrated preharvest and postharvest practices that achieve disease control while reducing 
desiccation and browning are needed to extend rambutan shelf life beyond two weeks.  
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    15.1  Introduction 
   15.1.1  Origin, botany, morphology and structure 
 Rambutan ( Nephelium lappaceum  L.) is a popular tropical fruit in the Sapindaceae 
family, and closely related to litchi, longan, and pulasan. The origin of rambutan 
is uncertain (possibly the Malay peninsula), but the species ranges from southern 
China (Yunnan and Hainan) through the Indo-Chinese region, Malaysia, Indonesia, 
and the Philippines (Tindall, 1994). The plant is also cultivated throughout the 
humid tropics of Asia (Sri Lanka to New Guinea) and in small numbers in the 
humid tropics of America, Africa, and Australia (Van Weizen and Verheij, 1991). 

 The fruit are valued for their attractive skin color, exotic fl avor and sweet juicy 
fl esh. Rambutan fruit differ in color from pink, red, deep crimson, yellow, to 
yellow-orange pericarp covered with hairy spinterns that give a characteristic 
appearance to the fruit (Watson, 1988) (see  Plate XXVIII  in the colour section 
between pages 238 and 239). The fruit are oval or round, and contain a single seed 
surrounded by a papery integument and an edible, fl eshy, translucent sarcotesta. 
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 The rambutan tree is a medium sized (15 to 25 m) evergreen with a dense, 
spreading habit that thrives from sea level to 500 meters in tropical (22–32 °C), 
humid conditions with evenly distributed rainfall ranging from 200–350 cm. 
Rambutans grow best in well-drained, deep, clay loam or sandy loam soils with 
5.5 to 6.5 pH range. The pinnate compound leaf has two to four pairs of ovate 
leafl ets that are slightly hairy on the midrib (Van Weizen and Verheij, 1991). 
White fl owers with tints of yellow or green are borne on panicle-type infl orescences 
and can be male or hermaphroditic. Rambutans require cross pollination. Trees 
that are produced from seeds have about 50% male fl owers and will not bear fruit, 
and 50% female fl owers which are functional. The commercially cultivated clones 
produce a large number of hermaphroditic fl owers and a lower amount of male 
fl owers to provide suffi cient pollen.  

   15.1.2  Worldwide importance and economic value 
 Rambutan has been classifi ed as an underutilized fruit crop, but has grown in 
commercial importance. Thailand is the largest global producer of rambutan and 
the crop also is grown for domestic and export markets in Malaysia, Indonesia, 
the Philippines, Australia, Sri Lanka, Central America, South Africa, and the 
United States (Hawaii and Puerto Rico).  

   15.1.3  Culinary uses, nutritional value and health benefi ts 
 Rambutans are enjoyed as a fresh fruit, but can also be used in preserves, sorbets, 
juices or wines.   The edible portion (100 g) contains 80 g water, 1 g protein, 0.4 g 
fat, 2.9 g glucose, 3.1 g fructose, 9.8 g sucrose, 70 g ascorbic acid, 2.7 g dietary 
fi ber, 0.8 g niacin, 0.02 mg thiamine, 0.06 mg ribofl avin, 140 mg potassium, 2 mg 
sodium, 10 mg magnesium, 0.1 mg iron, and 0.6 mg zinc (Wills  et al. , 1986). 
Rambutans grown in Hawaii have ascorbic acid contents ranging from 22 to 
47 mg·100 g −1  edible fresh weight (FW). The ascorbic acid levels of cultivars 
‘R162’ and ‘Silengkeng’ are 47.8 mg·100 g −1  and 39.1 mg·100 g −1  FW, respectively 
(Wall, 2006). The dietary reference intake (DRI) values for vitamin C are 100 mg 
for adult males and 75 mg for adult females (IOM, 2000). Therefore, consumption 
of about 10–12 rambutan fruit could provide the DRI for the average adult (Wall, 
2006). Rambutans are also a good source of minerals. The fruit (100 g) contain 
135 to 249 mg potassium, 0.16 to 0.20 mg copper, and 0.07 to 0.38 mg manganese, 
providing 20% of the DRI for Cu, 8–10% of the DRI for Mn, and 2–6% of the 
DRI for minerals K, P, Fe and Zn (Wall, 2006).   

   15.2  Fruit development and postharvest physiology 
   15.2.1  Fruit growth, development and maturation 
 Rambutan trees are prolifi c producers of fl owers, but the number of fl owers that 
set fruit is low (Kosiyachinda and Salma, 1987). The blooming of all fl owers in an 



314 Postharvest biology and technology of tropical and subtropical fruits

infl orescence takes about 24 days (Tongumpai, 1980). Usually, one of the two 
carpels in a fl ower develops into a fruit, and the other is abortive but remains 
attached to the mature fruit. An ovary of two carpels can take 13 to 16 weeks to 
develop into mature fruit (Salma, 1983; Wanichkul and Kosiyachinda, 1982). At 
almost six weeks, the protuberances on the surface change into light green 
spinterns. During subsequent growth, the spherical fruit lengthen and the skin 
thickens and increases in weight (Wanichkul and Kosiyachinda, 1982). 

 A major phase of growth occurs 50 to 80 days after anthesis. Fruit development 
follows a simple sigmoidal growth curve for ‘Binjai’ in Hawaii (Kawabata  et al. , 
2007) and ‘Seechompoo’ in Thailand (Kosiyachinda and Salma, 1987). The fruit 
become fully mature 15 weeks after fruit set and change in color from green to 
yellowish green, yellow, or red. In ‘Malaysian Yellow’ the skin color changes 
from dark green to greenish yellow, followed by yellow at optimum maturity and 
orange-yellow in over mature fruit (Sivakumar  et al. , 1998). In ‘Seechompoo’ 
fruit, color changes of the skin and spinterns are initially observed 12 weeks after 
fruit set. The spinterns change from green to yellowish pink, and two weeks later, 
the skin color turns yellow to deep yellow (Wanichkul and Kosiyachinda, 1982). 
At 15 weeks the entire fruit turns reddish pink to red. In the Sri Lankan cultivar 
‘Malwana Special Selection’ the weight of the edible aril is highest at color stage 
6 (pericarp 25% orangish red and 75% dark red). However, in ‘Malaysian Red’ 
and ‘Malaysian Yellow’ the highest fruit weight and percentage edible portion is 
observed at color stage 5 (pericarp 100% deep red with yellow spinterns) and at 
color stage 4 (pericarp 100% orange with orange spintern tips), respectively 
(Sivakumar  et al. , 1998). 

 At maturity, rambutan panicles bear 10 to 20 fruit that weigh 20 to 50 g, varying 
with cultivar (see  Plate XXIX  in the colour section). Fruit are generally 3–8 cm in 
diameter and 5–6 cm long, with an outer skin 2–4 mm thick. The surface of the 
fruit has fl exible spinterns about 6–15 mm in length. The juicy aril is attached to 
the seed coat during development. In certain rambutan cultivars the hard testa 
clings to the aril (clingstone), whereas in other cultivars the aril easily separates 
from the seed (freestone) (Watson, 1988). Freestone-type fruit with a fi rm, crisp 
fl esh are preferred by consumers. 

    15.2.2  Respiration, ethylene production and ripening 
 Rambutans are non-climacteric fruit that must be harvested at peak maturity, 
because further ripening does not continue after harvest. The respiration rates for 
mature fruit vary from 40 to 100 mg CO 2 ·kg −1 ·h −1  at 25 °C, depending on cultivar. 
Immature fruit have higher respiration rates (Mendoza  et al. , 1972). Rambutans 
(‘Jitlee’ and ‘R167’) grown in Hawaii had respiration rates of 85 mg CO 2 ·kg −1 ·h −1  
at harvest, but rates were reduced to 25, 33, and 50 mg CO 2 ·kg −1 ·h −1  when fruit 
were stored at 10, 15, and 20 °C, respectively ( Fig. 15.1 ) (M. Wall, unpublished 
data). Rambutans exhibited very low ethylene production rates. After one week of 
storage at 10, 15, or 20 °C, ethylene production rates were 0, 0.55, and 
2.56  μ g·kg −1 ·h −1 , respectively ( Fig. 15.2 ) (M. Wall, unpublished data). The 
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   Fig. 15.1     Respiration rates of rambutans (cv. Jitlee and R167) stored at 10, 15, or 20 °C.     

   Fig. 15.2     Ethylene production of rambutans (cv. Jitlee and R167) stored at 10, 15, 
or 20 °C.     
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increases in respiration and ethylene production during storage were associated 
with postharvest disease development. 

     15.3  Maturity and quality components and indices 
 Rambutans are ready for harvest when they have reached full color (red or yellow) 
and a suitable eating quality. Fruit harvested before full maturity are acidic and do 
not improve in fl avor, whereas overripe fruit tend to have a dark color, bland 
fl avor, cloudy pulp, and puffy texture (Kosiyachinda  et al. , 1987). Growers 
generally harvest rambutan based on their personal judgment of the fruit color, or 
by counting the number of days from full bloom or fruit set. 

   15.3.1  Physical indices 
 Visual changes in spinterns and skin color are the most common harvesting 
criteria for rambutans (Wanichkul and Kosiyachinda, 1982). However, fruit 
maturity within a tree is not uniform, so multiple harvests are practiced. Fruit of 
the cultivars, ‘Binjai’, ‘Lebakbulus’, ‘Rongrien’ and ‘Jitlee’, are harvested when 
the pericarp turns reddish orange. The Malaysian cultivar, ‘R156’, is harvested 
when the skin color is yellow and spinterns are yellow with pink bases. ‘R134’ 
fruit are harvested when the skin is red and the spinterns are red with yellow-green 
tips, whereas ‘Seematjan’ fruit are generally harvested when the skin and spinterns 
are pinkish yellow (Kosiyachinda  et al. , 1987).  

   15.3.2  Compositional changes 
 Although the rambutan is generally harvested on the basis of skin color, fl avor 
should also be optimal. At peak maturity, the juicy aril has an acidic sweet fl avor 
and delicate fruity aroma. The exotic aroma of rambutan fruit was attributed to the 
interaction of fruity-sweet ( β -damascenone, ethyl 2-methylbutyrate, furaneol) and 
fatty-green (2-nonenal, nonanal, 2,6-nonadienal) notes, with sweaty (phenyl 
acetic acid, heptanoic acid), woody [(E)-4,5-epoxy-(E)-2-decenal, lactones, 
vanillin], and spicy (cinnamic acid, guaiacol, etc.) notes contributing to the 
complexity of the fl avor (Ong  et al. , 1998). 

 An appealing rambutan fl avor is a balance between sugars and acids, and in 
some cultivars, external color changes have been related to compositional quality. 
Mature rambutans have 17 to 21% soluble solids content (SSC), 0.18 to 0.55% 
titratable acidity (TA), and a 4.25 to 4.6 pH range (Kosiyachinda  et al. , 1987). For 
‘Malwana Special Selection’, changes in pH are observed at color stage 3 (pericarp 
100% yellow with yellow spintern) (pH 3 ~3.5) followed by an increase in pH 
(4.5) at color stage 6 (pericarp 25% orangish red and 75% dark red) (Sivakumar 
 et al. , 1998). In ‘Malaysian Red’ the aril pH increases after color stage 3 (pericarp 
50% pink and 50% yellowish green), reaches pH 4.5 at optimum color stage 5 
(pericarp 100% deep red with yellow spintern tips), and then decreases. A similar 
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trend is observed for ‘Malaysian Yellow’, where the fruit pH at color stage 4 
(pericarp 100% yellow with yellow spinterns) ranges from 4.2–4.4 and TA 
declines at later stages (Sivakumar  et al. , 1998). In ‘Malwana Special Selection’ 
and ‘Malaysian Red’ the SSC remains between 18–19% at color stage 6 
(commercial maturity). However, the SSC in ‘Malaysian Yellow’ vary from 
17–18% at commercial maturity (Sivakumar  et al. , 1998). Compositional changes 
with maturity also have been shown with ‘Seechompoo’ fruit. At color break, the 
SSC was 19%, TA was 0.17%, and the fruit were suitable for harvest (Lam, 1982). 
The red cultivars do not necessarily reach similar total soluble solids at the same 
color intensity. In general, the pericarp color and the SSC/TA ratio can be 
considered as suitable harvest indices for rambutan.   

   15.4  Preharvest factors affecting fruit quality 
 A major constraint for rambutan growers or shippers is the lack of information on 
the infl uence of preharvest practices on postharvest quality. Cultivar selection likely 
has the greatest impact on fruit quality and shelf life. For example, cultivars with a 
high surface area to volume ratio and a high density of spinterns desiccate and 
darken faster than cultivars with fewer spinterns (Landrigan  et al. , 1996b; Yingsanga 
 et al. , 2006). Cultivar ‘R167’ appears to be more resistant to fungal infection than 
other varieties. Also, thin-skinned cultivars are susceptible to skin splitting following 
heavy rainfall. Different growing practices such as pruning practices, nutrition and 
irrigation management, and disease control methods may affect rambutan fruit 
quality at harvest. There is often a direct link between the health status of the tree, 
fertilizer management, and yield. Also, irrigation management is important during 
fl owering and fruit growth because drought conditions are associated with poor aril 
development and may accelerate water loss from the fruit via evapotranspiration. 
Therefore, growers are advised to monitor the irrigation inputs with readily available 
soil moisture sensing technology and fl ow meters. Flowering is affected in orchards 
where leaf N exceeds 1.8%, and a positive correlation exists between macronutrient 
levels and yield (Pohlan  et al. , 2008). However, future investigations are needed to 
relate fertilizer application with fruit composition and quality parameters. For 
postharvest disease control, reduction of inoculum in the orchard with preharvest 
fungicide sprays, sanitation, and resistant cultivars is necessary. Fruit contact with 
the soil must be avoided, because soil-borne inoculum can be an important source 
of infection for many tropical fruits, including rambutans.  

   15.5  Postharvest handling factors affecting quality 
 The main causes of postharvest losses of rambutan are weight loss, skin browning, 
diseases, and physical damage. Skin browning does not directly affect the taste of 
the aril but gives an unattractive appearance to the fruit (Ketsa and Klaewkasetkorn, 
1992). Pericarp browning initiates from the top of the spintern, progresses towards 
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the base, and extends to the skin. Spintern and pericarp browning are associated 
with desiccation, and are aggravated by mechanical injury and warm temperatures. 
Therefore, proper postharvest handling practices and optimum environmental 
conditions can minimize postharvest losses of rambutan due to skin browning. 

   15.5.1  Temperature management 
 The visual appearance of rambutan fruit declines two to three days after harvest if 
the fruit are held at 25 °C (Watson, 1988). The loss of cosmetic appearance is 
directly linked to accelerated moisture loss and skin browning (Brown  et al. , 1985; 
Pantastico  et al. , 1975), and low temperature storage reduces color loss and disease 
development. The optimum storage temperature ranges from 8 to 12 °C, depending 
on cultivar. Maximum shelf life is reached at 7.5 °C for ‘R162’ fruit, at 10 °C for 
‘Jitlee’ and ‘R156’ fruit, and at 12 °C for ‘Rongrien’ fruit (O’Hare  et al. , 1994). 
Shelf life is limited by skin browning from senescence at higher temperatures (15–
20 °C) and by chilling injury at lower temperatures (0–5 °C) (O’Hare  et al. , 1994).  

   15.5.2  Physical damage 
 Physical damage may include bruising, breakage, scarring, and skin browning. 
Improper harvesting, such as dropping fruit directly into the bins, tight packing, 
and bulk transportation can result in bruising. The spinterns are especially delicate 
and susceptible to injury. Any mechanical damage accelerates spintern browning 
(Landrigan  et al. , 1996a) and provides a wound entry for postharvest pathogens.  

   15.5.3  Water loss 
 Weight loss in rambutan occurs mainly as moisture loss from the pericarp, 
specifi cally through the spinterns (Agravante, 1982). The high surface area to 
volume ratio of the spintern (hairy nature) partly accounts for its high propensity 
for moisture loss. The spinterns have a stomatal density about fi ve times greater 
than the fruit body, and at a higher density of spinterns, moisture loss and browning 
occur more rapidly (Landrigan  et al. , 1996b). In stored fruit, spinterns showed the 
greatest weight loss, followed by the skin and then the pulp (Lam  et al. , 1987). 
The weight loss of stored fruit is directly proportional to the number of spinterns 
on the fruit (Natuwatthana, 1981), and browning of rambutan is highly correlated 
with water loss (Landrigan  et al. , 1996b). Fruit are deemed unmarketable at 
weight losses greater than 25% (Landrigan  et al. , 1996b). A strong correlation is 
observed between weight loss and spintern browning (Landrigan  et al. , 1996b). 
The spinterns consistently lose more weight than the skin or the whole fruit for the 
fi rst four days of storage, but after seven days, both the spinterns and the skin had 
lost approximately 50% of their weight. The fruit has a continuous vascular 
system that connects both spinterns and skin and vascular bundles are present in 
tissues below the skin surface closest to the aril (Yingsanga  et al. , 2006). The 
transport of water from the rambutan fruit proceeds from the peduncle through the 



Rambutan (Nephelium lappaceum L.) 319

skin to the base of spinterns and then to the tips of the spinterns, where water is 
transpired via the stomata (Yingsanga  et al. , 2006). ‘Seechompoo’ fruit have a 
higher density of stomata than ‘Rongrien’, therefore water loss and susceptibility 
to skin browning are greater in ‘Seechompoo’ fruit (Yingsanga  et al. , 2006).  

   15.5.4  Atmosphere 
 The composition of the postharvest atmosphere may alter the shelf life of 
rambutans. Exposure to ethylene can increase disease development and hasten 
senescence, but in general, rambutans are fairly insensitive to ethylene exposure. 
Rambutans tolerate 7–12% CO 2 , and 3–5% O 2 , depending on cultivar, and the use 
of enhanced CO 2  atmospheres can maintain the visual quality of rambutans 
(O’Hare  et al. , 1994; Sopee  et al. , 2006).   

   15.6  Physiological disorders 
   15.6.1  Chilling injury 
 Rambutans are susceptible to chilling injury (CI), but the severity of the chilling 
response varies among cultivars and maturity stages. Most cultivars should not be 
stored below 10 °C. CI was reported in ‘Jitlee’, ‘R156’, and ‘Lebakbulus’ fruit at 
5 to 7.5 °C (Harjadi and Tahitoe, 1991; Leong, 1982; O’Hare  et al. , 1994), whereas 
‘R7’ and ‘R162’ fruit were tolerant of storage temperatures at 7.5 to 8 °C 
(Mohamed and Othman, 1988; O’Hare  et al. , 1994). In ‘Malaysian Yellow’ fruit 
at color stage 4 (pericarp 100% yellow), the skin color and eating quality were 
retained during storage at 10 °C, and stage 4 was regarded as the optimum maturity 
for cold storage of this cultivar (Wilson Wijeratnam  et al. , 1996). The CI symptom 
is a distinct bronzing in yellow cultivars, and a skin darkening in red cultivars 
(O’Hare  et al. , 1994). During CI, the pericarp of rambutans showed a decline in 
anthocyanin content (Wilson Wijeratnam  et al. , 1996).  

   15.6.2  Pericarp browning 
 Rambutans lose their attractive skin color after harvest, and this becomes the most 
limiting factor to shelf life. The browning of the pericarp and spinterns affect the 
value of the fruit at market (Watson, 1988). Pericarp browning occurs as a result 
of water loss from the spinterns and the skin (Landrigan  et al. , 1994; Pantastico 
 et al. , 1975), and develops slowly even when water loss is greatly reduced by 
storing the fruit in a humid environment (95% RH) (Landrigan  et al. , 1994). The 
browning is typically more pronounced on the spinterns than the skin (Yingsanga 
 et al. , 2006). When spinterns are damaged at the base, by bending, this area 
browns more quickly than the tips (Landrigan  et al. , 1996b). 

 Anthocyanins are responsible for the attractive red coloration in rambutan 
pericarp. They are vacuole-bound, water soluble pigments. Browning occurs as a 
result of a series of biochemical reactions that lead to degradation of anthocyanins 
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into quinones (Nip, 1988). A reduction in anthocyanin content was noted with skin 
browning in rambutan (Paull and Chen, 1987). The stability or maintenance of 
anthocyanin concentration in plant cells is dependent on its structure (Pifferi and 
Cultera, 1974), which is directly linked to the pH of the cell sap (Jude, 1972; 
Lukton  et al. , 1956). With an increase of cellular pH in the pericarp mediated by 
moisture loss or decay, anthocyanins are gradually converted to a colorless carbinol 
base more susceptible to enzymatic breakdown. It was shown that the content of 
anthocyanin present in carbinol form (colorless form) was directly proportional 
to the subsequent rate of browning (Jude, 1972). Desiccation leads to loss of 
intracellular integrity, allowing mixing of vacuolar phenols and anthocyanins with 
browning-related enzymes (Chen and Hong, 1992; Underhill and Critchley, 1994). 
As browning increased in rambutans, total phenol levels increased, suggesting that 
phenolic oxidation and polymerization contribute to browning (Landrigan  et al. , 
1996b). Polyphenol oxidase (PPO) catalyses the oxidation of phenolics to quinones 
that further polymerize to produce brown pigments in wounded or desiccated 
tissues. The activities of PPO and peroxidase (POD) were higher in spinterns than 
in the skin of ‘Rongrien’ and ‘Seechompoo’ fruit stored at lower RH (60–70%) at 
25 °C, and the PPO activity was higher than POD activity (Yingsanga  et al. , 2008). 
The rapid desiccation of spinterns, the presence of micro-fractures in the waxy 
surface, and the activity of enzymes may explain the sensitivity of rambutans to 
pericarp browning (Landrigan  et al. , 1996b; Yingsanga  et al. , 2008).   

   15.7  Pathological disorders 
 Postharvest diseases are major factors that contribute to quality loss of rambutans 
stored at low temperatures for more than 7 days (O’Hare  et al. , 1994). Anthracnose 
( Colletotrichum gloeosporioides ), stem-end rot ( Botryodiplodia theobromae ) and 
brown spot ( Gliocephalotrichum bulbilium  and  G. microchlamydosporum ) were 
identifi ed as the main postharvest diseases in the Philippines, Thailand, and 
Sri Lanka (Farungsang  et al. , 1994; Lam  et al. , 1987; Sivakumar  et al. , 1997, 1998). 
In Hawaii,  Lasmenia  sp.,  Colletotrichum  sp.,  Pestalotiopsis  sp.,  Gliocephalotrichum 
simplex, G. bulbilium , and  Phomopsis  sp. were the predominant pathogens isolated 
from nine cultivars.  Pestalotiopsis, Phomopsis , and  Glomerella  species also 
were reported to cause postharvest rots in Thailand (Johnson  et al. , 1997; Sivakumar 
 et al. , 1998). In Australia,  Colletotrichum  sp.,  Dothiorella dominicana, Fusarium  
sp.,  Penicillium  sp.,  Pestalotipsis  sp.,  Phoma  sp., and  Phomopsis  sp. have been 
isolated from fruit stored at 0–20 °C (Johnson  et al. , 1997). The infection by a range 
of fruit rot pathogens begins in the rambutan orchard. These pathogens gain 
entry through lesions at the preharvest stage, or through harvesting and handling 
practices (Sivakumar  et al. , 1999). During infection, the pathogens ( Colletotrichum, 
Botryodiplodia  and  Gliocephalotrichum ) invade the host tissue, macerate cells, 
and cause soft lesions. The symptoms suggest that pectic enzymes are secreted 
by these pathogens during growth and colonization of the host tissue (Sivakumar 
 et al. , 2001). 
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   15.7.1  Postharvest pathogens 
  Gliocephalotrichum bulbilium  and  G. microchlamydosporum  infect both green 
immature and mature fruit, causing symptoms of brown spot. Fruit symptoms 
develop at an early stage as water-soaked light brown areas on the pericarp. With 
prolonged incubation under humid conditions, the brown spots enlarge and turn 
dark brown in color with grayish brown mycelia on the infected areas (Farungsang 
 et al. , 1994; Lam  et al. , 1987). 

 Anthracnose is caused by  Colletotrichum gloeosporioides . The fungus 
produces latent infections and gains entry through direct penetration. Fruit 
symptoms are evident after the color break stage and appear similar to the brown 
spot, although aerial mycelial growth does not appear on the symptomatic area. 
The initial black circular lesions increase in size and develop into large sunken 
areas. Orange sporulating structures develop on infected fruit under humid storage 
conditions at 25 °C (Lam  et al. , 1987). 

 The causal organism of stem-end rot,  Botryodiplodia theobromae , causes 
latent infections on rambutan and can also gain entry through the cut stem-ends 
(Sivakumar  et al. , 1999). Symptoms begin as dark brown areas at the stem-end 
region and extend over the whole fruit body within four to fi ve days. A stem-end 
rot can also be caused by  Phomopis  species (O’Hare, 1994). 

 The fungus,  Lasmenia , causes a serious fruit rot and dieback disease of 
rambutan cultivars grown in Hawaii (Nishijima  et al. , 2002). The fruit exhibit 
brown to black lesions that progress to blackening and drying of the fruit. Some 
fruit become totally mummifi ed.  Lasmenia  is the most prevalent fungal disease on 
rambutans in Hawaii.  Lasmenia  sp. has been isolated from 93% of infected fruit 
of cultivars, R9, R156, R167, and ‘Silengkeng’ in Hawaii.  

   15.7.2  Control measures 
 Postharvest disease control may be achieved by preventing infection, eradicating 
infection, or delaying symptom development so that the fruit can be marketed and 
consumed before disease appears. Fungicides, hot water treatments, sulphiting 
agents, controlled or modifi ed atmospheres, biocontrol agents, volatile compounds, 
and combination treatments have been studied as methods for managing 
postharvest diseases of rambutans. 

  Chemical control 
 Fungicides such as carbendazim, imazalil, iprodione, thiabendazole and benomyl 
were tested in the past for the control of rambutan postharvest diseases and showed 
different levels of effectiveness (Sangchote  et al. , 1997). However, increasing public 
concern regarding the use of fungicides on fresh produce and its deleterious effect on 
the environment has hastened efforts to develop alternative disease control measures. 
Resistance to benomyl by postharvest pathogens was reported by Farungsang  et al.  
(1991). On the other hand these fungicides were reported to eradicate the microbial 
population on the fruit surface, including benefi cial microbes that may inhibit 
opportunistic decay-causing organisms (Farungasang and Farungsang, 1992).  
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  Hot water treatment 
 Hot water treatment is a common method to control postharvest diseases in fruits, but 
the temperature and treatment duration can have a marked effect on the color, 
appearance and eating quality of rambutans. The specifi c temperature at which the 
pathogen’s germination or mycelia growth is completely inactivated is known as the 
thermal inactivation point (Lam and Ng, 1982). The thermal sensitivity of fungal 
pathogens was reported to vary (Barkai-Golan and Phillips, 1973). Hot water 
treatment at 52 °C for three minutes can inhibit the spore germination of  C. 
gloeosporioides  and  G. microchlamydosporum , but this high temperature could 
adversely affect rambutan quality. Hot water treatment at a lower temperature (48 °C 
for 1 min) helped retain the color and eating quality of ‘Malwana Special Selection’ 
fruit stored at 13 °C and 95% RH up to 14 days (Sivakumar  et al. , 1998). Hot water 
treatment at temperatures over 50 °C for more than one minute duration showed 
signifi cant weight loss after low temperature storage. When freshly harvested fruit 
and fruit dipped in hot water at 48 °C for one minute were stored at 10 °C and at 95% 
RH for 14 days, they showed similar levels of SSC, pH and titratable acidity. However 
with increasing hot water temperature and duration, a decline in SSC and an increase 
in titratable acidity were observed mainly due to the growth of saprophytic fungi 
(Sivakumar  et al. , 1998). Rambutans subjected to hot water treatment at 48 °C for 
one minute and stored at 10 °C for four days showed higher retention of ascorbic acid 
and anthocyanins. Also, the polyphenol oxidase activity in the fruit increased with a 
higher temperature and longer durations of the hot water treatment, and was correlated 
to browning severity of the pericarp (Sivakumar  et al. , 1998).  

  Volatile compounds 
 The volatile compounds, cinnamaldehyde, benzaldehyde and acetaldehyde, have 
fungicidal properties. The spore germination and the radial mycelial growth of  C. 
gloeosporioides, B. theobromae  and  G. microchlamydosporum  were completely 
inhibited by cinnamaldehyde at 30 ppm, acetaldehyde at 70 ppm, and benzaldehye 
at 50  μ L·L −1  (Sivakumar  et al. , 2002a). Cinnamaldehyde is considered as a potential 
compound for postharvest application due to its low mammalian toxicity and its use 
as a surface disinfectant (Sivakumar  et al. , 2002a). ‘Malwana Special Selection’ 
fruit packed in one layer in cardboard cartons impregnated with cinnamaldehyde 
(30  μ L·L −1 ) sheets and held at 13.5 °C and 95% RH showed acceptable postharvest 
disease control, and maintenance of color and fruit quality attributes for up to 
18 days. Higher concentration (over 50  μ L·L −1 ) of cinnamaldehyde showed higher 
incidence of skin browning (Sivakumar  et al. , 2002a). A sensory panel detected a 
strong odor of cinnamaldehyde, which could be limiting for consumer acceptance. 
It was concluded that reduction in observed disease severity may be due to the 
effects of this volatile compound on the growth of fungi and their pectic enzyme 
activities during the infection process (Sivakumar  et al. , 2001; Smid  et al. , 1996).  

  Sulphiting agents 
 The application of sulphiting agents is prohibited on fresh produce in the USA. 
However, SO 2  fumigation on table grapes is accepted as a pesticide at levels less 
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than 10  μ L·L −1  (Sivakumar  et al. , 2001). The sulphiting agent, K 2 S 2 O 5  at 
250  μ L·L −1  completely inhibited the spore germination and the mycelial growth 
of  C. gloeosporioides, B. theobromae  and  G. microchlamydosporum . The K 2 S 2 O 5  
in aqueous solution (250  μ L·L −1 ) inhibited both pectin lyase and polygalactouronase 
activity of  C. gloeosporioides, B. theobromae  and  G. microchlamydosporum in 
vitro  and  in vivo  (Sivakumar  et al. , 2001). These compounds were reported to be 
fungicidal at these concentrations (FDA, 1986; Sivakumar  et al. , 2000a). The 
K 2 S 2 O 5  in aqueous solution dissociates to liberate SO 2  and the fungicidal property 
of the metabisulphite is due to the released SO 2  (Jacobs, 1976). Rambutans (cv. 
Malwana Special Selection) at commercial maturity dipped in 250  μ L·L −1  K 2 S 2 O 5  
for 10 minutes, packed in commercial cartons lined with microperforated 
polypropylene, and held at 13 °C and 95% RH had reduced disease incidence, 
severity, and pericarp browning and acceptable eating quality for up to 18 days 
(Sivakumar  et al. , 2000a). The titratable acidity and SSC in K 2 S 2 O 5 -dipped fruit 
remained unchanged. Although the ascorbic acid and anthocyanin contents 
decreased during storage, a delay in this decrease was noted in comparison to the 
untreated fruit (Sivakumar  et al. , 2000a). However, application of K 2 S 2 O 5  remains 
restricted due to the FDA and EPA regulations.  

  Biocontrol agents 
 As importing countries have enforced restrictions against pesticide residues on 
fresh fruit, research has increased on biocontrol treatments to replace fungicide 
applications. Biocontrol agents are commonly occurring nonpathogenic microbes 
such as fungi, bacteria or yeast antagonists. Generally, biocontrol agents are 
recommended for postharvest treatment rather than fi eld application, because the 
storage environment can be controlled to favor the growth of the antagonist. 
Controlled atmospheres or modifi ed atmospheres may especially favor the growth 
of a yeast antagonist. Anthracnose ( C. gloeosporioides ) incidence in mature 
rambutans was reduced from 85% to 42.5% after a bacterial antagonist cell 
suspension dip (unspecifi ed) during storage at 13 ° C for 20 days. On the other 
hand,  Pestalotiopsis  sp. was controlled completely whereas  Phomopsis  sp. 
showed moderate disease incidence. Conversely,  B. theobromae  showed a higher 
disease incidence under the above mentioned storage conditions with a bacterial 
antagonist postharvest treatment (Farungsang  et al. , 1994). 

 The biocontrol agent,  Trichoderma harzianum , has been tested widely to 
control plant disease (Papavizas, 1985).  T. harzianum  showed antagonist activity 
against rambutan pathogens,  C. gloeosporioides, B. theobromae  and  G. 
microchlamydosporum , with the highest effect against  G. microchlamydosporum  
(Sivakumar  et al. , 2000b). The mode of action of  T. harzianum  is reported as 
mycoparasitism, secreting cell wall degrading enzymes such as glucanase and 
chitinases (Elad, 1995), but  T. harzianum  also is known to produce antifungal 
substances such as alkyl pyrones, inhibitory furanone, and antibiotic peptides 
(Claydon  et al. , 1987; Goulard  et al. , 1995; Ordentlich  et al. , 1992). Rambutan 
(cv. Malwana Special Selection) dipped in conidial suspension of  T. harzianum  
and stored at 13.5 °C and 95% RH showed a signifi cant reduction in natural 
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infections and maintained postharvest fruit quality up to 12 days (Sivakumar 
 et al. , 2000b). It was concluded that the  T. harzianum  showed a residual effect, 
and a high recovery of the agent was observed after storage on the fruit surface, 
demonstrating its potential use as a protectant during the supply chain to prevent 
cross contamination.  

  Integrated treatments 
 Integrated approaches for controlling postharvest diseases show promise for 
extending the shelf life of rambutans. Practices that combine the use of biological 
control agents with reduced concentrations of fungicides, with modifi ed 
atmosphere packaging (MAP), or with controlled atmosphere (CA) storage have 
been suggested (Govender  et al. , 2005; Sivakumar  et al. , 2007). A combination of 
MAP or CA with biocontrol agents may be synergistic if the specifi c gas 
composition around the fruit allows the antagonists to survive while being less 
favorable to pathogens. This concept was investigated to control anthracnose, 
brown spot and stem-end rot during long term storage and transportation to distant 
markets. Rambutans dipped in K 2 S 2 O 5  (250 ppm) and stored under CA (3% O 2  
and 7% CO 2 ) at 13.5 °C and 95% RH for 21 days, showed signifi cantly lower 
disease incidence (25%) when compared to control fruits (48%) (Sivakumar 
 et al. , 2002b). Also, color retention and eating quality were improved for the 
treated fruit. The CA conditions (3% O 2  and 7% CO 2 ) were tested using the 
biocontrol agent  T. harzianum  in order to replace the application of sulphiting 
agent. Fruit dipped in  T. harzianum  conidial extracts and stored under CA (3% O 2  
and 7% CO 2 ) at 13.5 °C and 95% RH for 21 days had reduced postharvest disease 
incidence, but the fruit marketability was still impacted by browning due to decay 
and poor eating quality (Sivakumar  et al. , 2002b). 

 Another integrated process includes the use of sulfur dioxide (SO 2 ) and hot 
water dips. Rambutans were fumigated with 3% SO 2  for 10, 20, 40 and 80 min, 
subjected to hot water treatment at 50 °C for 20 minutes, dipped in 1M HCl for 
2 minutes, packed in plastic punnets and stored at 22 °C for six days (Paull  et 
al. , 1995). The fruit were free of surface decay, but the spinterns and skin color 
were affected. The SO 2  treated fruit had greater weight loss than non-SO 2  
treated fruit, that could be due to the rapid drying of pericarp (Paull  et al. , 
1995).    

   15.8  Insect pests and their control 
 Surface pests such as mealy bugs, scales, thrips, mites, and ants are common on 
rambutans. Although these insects do not directly damage the aril, they affect the 
cosmetic appearance of the fruit skin (Ketsa and Klaewkasetkorn, 1992), and may 
impede successful marketing and export of rambutans. Rambutans are also hosts 
for the Mediterranean fruit fl y ( Ceratitis capitata ) and the oriental fruit fl y 
( Bactrocera dorsalis ), and require quarantine treatment prior to export to a country 
or region in which these pests are not established (Follett and Sanxter, 2000). 
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   15.8.1  Quarantine treatments 
 Port-of-entry inspection is used to provide phytosanitary security for rambutan 
surface pests. However, if external pests (i.e. mealy bugs, scales, ants) are 
intercepted on commercial shipments, quarantine action may be taken. For 
quarantine security against fruit fl ies, heat or irradiation treatments may be used. 
A hot forced-air treatment involves heating the fruit to a seed surface temperature 
of 47.2 °C for one hour and holding at 47.2 °C for 20 minutes for disinfestation of 
fruit fl ies (Follett and Sanxter, 2000). However, based on fruit quality, irradiation 
is superior to hot forced-air as a quarantine treatment for rambutans (Follett and 
Sanxter, 2000). Fruit treated with hot forced-air had poor visual quality after four 
days of storage at 10 °C, whereas irradiated fruit remained acceptable for eight 
days. Irradiation treatment with 400 Gy provides quarantine security against fruit 
fl ies and surface pests (mealy bugs and scales) and is the commercial treatment 
used for rambutans exported from Hawaii to the US mainland.   

   15.9  Postharvest handling practices 
   15.9.1  Harvest operations 
 Rambutan harvest frequency varies throughout Asia. Fruit is harvested weekly 
with about three to ten harvests per season in Indonesia. However, in Malaysia, 
the Philippines, Thailand, and Hawaii harvesting is more frequent, depending on 
the market situation (Laksmi  et al. , 1987). Individual trees in an orchard usually 
are harvested once, with the harvest spread over several days, and manual 
harvesting in the early morning with pruning shears or pole pruners is common. 
The fruit is harvested in clusters that may then be tied together in bunches. In 
some countries, pickers use baskets made of leaves or bamboo to collect the 
harvested fruit and to prevent fruit fall during harvesting. Fruit separation from 
the panicle is done in the fi eld under shade, and the fruit are collected in clean 
plastic crates or bins. Rapid transfer of fruit from the orchard to the packinghouse 
is recommended to retain postharvest quality during storage but fruit must be 
handled gently to prevent mechanical damage during harvest and handling.  

   15.9.2  Packinghouse practices 
 Rapid cooling of fruit reduces moisture loss and is the fi rst stage of packinghouse 
practices. Among precooling methods, hydrocooling is an effi cient method to 
remove fi eld heat from the fruit, thereby reducing weight loss, retarding color 
changes, and improving shelf life (Nampan  et al. , 2006). In Australia, harvested 
fruit are hydrocooled by spraying with cool water to dissipate fi eld heat, or water-
sprayed and placed in a high humidity room held at 8 to 10 °C. Rambutans (cv. 
Rongrien) harvested at color stage 4–5 (light red and green spintern) and 
hydrocooled at 10°C prior to cold storage at 13 °C had less skin browning, with a 
lighter red fruit pericarp, than the non-hydrocooled fruit (Nampan  et al. , 2006). 
Hydrocooling effi ciently reduced the weight loss, respiration rate and changes in 
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ascorbic acid content, titratable acidity and SSC in the aril during storage at 13 °C. 
However when fruit were hydrocooled at 2 °C, CI, weight loss, and respiration 
rates increased, and fruit quality parameters declined during storage (Nampan 
 et al. , 2006). 

 Many orchards have developed a postharvest handling system which includes 
destalkers, dip tanks, sorting tables, a size grader, and an area for assembling 
cartons and packing (Lim and Diczbalis, 1995). Fruit sorting and sizing is done 
with sizing rings, by fruit weight, or by classifying the fruit according to different 
grades to meet market requirements. Rambutans are not typically waxed before 
packaging. However, some wax formulations have been studied to determine the 
effect on rambutan weight, color, and postharvest decay (Mendoza  et al. , 1972; 
Sivakumar  et al. , 1998). Fruit waxed and stored at 10 °C for 14 days retained red 
color, whereas the unwaxed fruit turned a dull red color (Mendoza  et al. , 1972). 
Following grading, rambutans are packaged in 2.25 kg and 4.5 kg fi berboard 
boxes. Sometimes the fruit are prepacked in clamshell containers or microperforated 
plastic bags. In Southeast Asia, fruit clusters are sold with the stems still attached.  

   15.9.3  Control of ripening and senescence 

  Controlled atmospheres 
 The ripening process for rambutans ceases at harvest, and therefore cannot be 
controlled postharvest. However, some technologies may slow senescence and 
pericarp darkening, thereby extending shelf life. Rambutans (cv. Malwana Special 
Selection) stored 21 days under CA conditions (3% O 2  and 7% CO 2 ) at 13.5 °C 
showed excellent color retention, but a higher rate of decay (Sivakumar  et al. , 2002b). 
The eating quality of the fruit also was adversely affected under CA conditions. Fruit 
(cv. Rongrien) stored under low O 2  atmosphere (1%) at 13°C and 90–95% RH were 
absent of visible injury, but developed off-fl avors in the aril after fi ve days of storage 
(Ratanachinakorn  et al. , 2005). The CO 2  levels at 20% and 40% caused skin and 
spintern browning after ten and fi ve days of storage, respectively, and off-fl avor 
development after fi ve days. For ‘Rongrien’ fruit, CA conditions at 5 to 10% CO 2  and 
≥ 2% O 2  prolonged the storage life of this cultivar, and low O 2  provided better disease 
control than high CO 2  (Ratanachinakorn  et al. , 2005). However in another study, 
‘Rongrien’ fruit at export ripeness (color stage 4–5 with light red peel and green 
spinterns) stored at different CO 2  concentrations (1 to 15% CO 2 ) at 13 °C and 
90–95% RH showed reduced weight loss, respiration and ethylene rates, and delayed 
senescence at the highest CO 2  levels (Sopee  et al. , 2006). Shelf life was extended up 
to 20 days in 10–15% CO 2  and up to 18 days in 5% CO 2  storage, although postharvest 
disease control and sensory quality were not investigated.  

  Modifi ed atmosphere packaging 
 The use of modifi ed atmosphere packaging (MAP) for rambutans has the advantages 
of low cost compared to CA, easy implementation, and effectiveness at reducing 
water loss and preventing skin browning by maintaining a high RH around the fruit. 
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Strict low temperature management is essential for postharvest use of MAP. 
Rambutans packed in foam trays, wrapped with plastic fi lm, and stored at 15 °C for 
ten days, showed absence of disease symptoms and retention of overall fruit quality, 
whereas fruits stored at 20 °C showed rapid disease development and a shorter shelf 
life (Johnson  et al. , 1997). ‘Jitlee’ fruit packed in sealed polyethylene bags and 
stored at 10 °C showed reduced browning and decay up to 12 days, with CO 2  levels 
reaching 7.5% to 9.2% (Lee and Leong, 1982). Rambutan quality may be negatively 
affected when fruit in MAP are subjected to temperature fl uctuations during 
shipping, handling, or at retail display. Rambutans packaged in clamshell containers, 
microperforated bags, or MAP fi lm (Peakfresh®) had higher visual quality and less 
disease incidence when stored at constant 10 °C compared to fl uctuating shipping 
temperatures (M. Wall, unpublished data). The simulated shipping temperatures 
affected disease incidence for fruit in clamshells or microperforated bags with 
incidences three times higher (68% versus 20%) and two times higher (60% versus 
30%), respectively, than when storage was at constant 10 °C. Rambutans stored in 
MAP (Peakfresh®) had the best overall external quality ratings and lowest disease 
incidence, but sensory analysis revealed adverse affects on fruit fl avor. Further 
research is needed to optimize MAP for fl uctuating temperatures and to identify 
suitable fi lms that can extend storage life up to 21 days for specifi c export markets.   

   15.9.4  Cold chain management 
 The weight loss, and subsequent appearance, of rambutan fruit is markedly affected 
by storage temperature (Inpun, 1984; Mendoza  et al. , 1972; Mohamed and Othman, 
1988). A narrow temperature range must be maintained during cold chain 
management in order to minimize moisture loss, pericarp browning, and disease 
incidence without causing CI. For ‘Maharlika’ fruit, weight loss was reduced by 
28% after six days storage at 7 °C, but fruit suffered CI. The longest shelf life 
(10 to 12 days) was at 10 °C (Mendoza  et al. , 1972). Also, when ‘Malwana Special 
Selection’ fruit at color stages 4 (pericarp 75% yellow and 25% pinkish red), 5 
(pericarp 75% yellow and 25% pinkish red) and 6 (pericarp 25% orange-red and 
75% dark red) were stored long term (up to 21 days) at 5, 10 and 14 °C, CI was 
noted at 5 °C for all three color stages, whereas reduced skin browning was 
observed at 10 °C for color stages 5 and 6 (Wilson Wijeratnam  et al. , 1995). The 
SSC and TA values were similar to freshly harvested fruit for all three color stages 
at 5 °C and 10 °C, but a slight decline in SSC and increase in TA were noted at 
14 °C (Wilson Wijeratnam  et al. , 1995). Ascorbic acid content declined during 
storage at 10 °C and 14 °C compared to fruit held at 5 °C (Wilson Wijeratnam  et al. , 
1995). A sensory panel showed higher preference for color stage 5 and 6 fruit 
stored at 10 °C. A similar investigation conducted for ‘Malaysian Red’ fruit at color 
stages 3 (pericarp 50% pink and 50% yellowish green), 4 (pericarp 75% pink, rest 
25% dark red) and 5 (pericarp 100% deep red) showed that fruit at color stages 4 
and 5 retained skin color and eating quality at 14 °C and 95% RH for 14 days 
(Wilson Wijeratnam  et al. , 1996). The storage life of ‘Malaysian Yellow’ was 
limited to seven days, and 10 °C was selected as the optimum storage temperature.  
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   15.9.5  Recommended storage and shipping conditions 
 The optimum storage conditions for rambutans are 8–12 °C and 95% RH, 
depending on cultivar (Mendoza  et al. , 1972; O’Hare  et al. , 1994). For most 
cultivars, the optimum temperature is 10 °C. Under ideal conditions, rambutans 
have a storage potential of 14 days. Shelf life may be extended by four days with 
9–12% CO 2  (O’Hare  et al. , 1994). Rambutans do not benefi t from ethylene 
treatment or ethylene scrubbing (O’Hare  et al. , 1994).   

   15.10  Processing 
   15.10.1  Fresh-cut processing 
 Rambutans have limited use as a fresh-cut product, because it is diffi cult to 
separate the aril from the seed. In one study, minimally processed peeled rambutans 
(with seeds) had a 10 day shelf life when stored at 4 °C in nylon/LLDPE bags 
(Sirichote  et al. , 2008). Attempts to peel and core the fruit severely damaged the 
aril tissue and increased the respiration rates.  

   15.10.2  Other processing practices 
 Although rambutans are grown for fresh consumption, some fruit are canned with 
syrup in Thailand and Malaysia. Also, individual quick frozen (IQF) rambutans 
are processed on a small scale. Local processors may use rambutans in boutique 
jams, jellies, sorbets, ice cream, and wines.   

   15.11  Conclusions 
 The attractive and exotic rambutan fruit, with its bright red or yellow color and 
distinctive spinterns, easily desiccates and browns during postharvest storage. 
The delicate, hair-like spinterns may be damaged during handling and rapidly lose 
water, turning brown or black. 

 Storing fruit at 10 °C and 95% RH under modifi ed atmospheres is most 
effective for retaining visual quality, and provides a 10 to 12 day shelf life. 
Although rambutan storage life is most limited by skin and spintern darkening, 
controlling postharvest diseases caused by fungal pathogens also is key to 
increasing shelf life. Integrated preharvest and postharvest practices that achieve 
disease control while reducing desiccation and browning are needed to extend 
rambutan shelf life beyond two weeks. Potential areas for future research include:

   •   the application of combination treatments (MAP, anti-fungal compounds, 
antioxidants, or biocontrol agents) to prevent pericarp browning, control 
postharvest diseases, and maintain edible fruit quality;  

  •   investigations on cultivar resistance to postharvest diseases and the mechanisms 
of resistance;  
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  •   studies of the mode of infection, colonization and inoculum sources of the 
various rambutan pathogens;  

  •   controlled preharvest experiments to determine the effects of fertilization and 
irrigation practices on postharvest quality;  

  •   development of protocols to optimize CA or MAP conditions to retain fruit 
color and control diseases without impacting fl avor.      
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   Plate XXVII     (  Chapter 14  ) Husks scald symptom on pomegranate fruit (Defi lippi 
 et al. , 2006).     

   Plate XXVIII     (  Chapter 15  ) Rambutan fruit (cv. R9), showing peel with hair-like 
spinterns and internal edible fl esh.     
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   Plate XXIX     (  Chapter 15  ) Panicles of mature rambutan fruit.     

   Plate XXX     (  Chapter 16  ) Mature (a) and immature (b) Salak Pondoh.     

(a) (b)




