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Abstract 

Canarium indicum nuts are dried and consumed widely across the Pacific Region. Traditional 

methods of drying offer little process control resulting in highly variable product quality and 

loss. A more reliable and effective drying technology is required but the technology must suit 

local conditions. This paper describes a low profile solar tunnel dryer designed for batch 

drying of small quantities of the nuts. Prototypes have been tested. Experimental results 

indicate that drying temperatures are within the range to achieve good kernel quality and that 

the desired final moisture content for safe storage could be achieved after 30 hours of 

exposure. 

1. Introduction  

The Canarium indicum nut is an important resource to the indigenous peoples of Melanesia. 

The nut is high in nutritional content and potentially a lucrative crop for export. The nuts are 

enjoyed raw, dried or roasted and are often incorporated into traditional puddings mixed with 

available starches such as cassava and taro (Chaplin, 1988). Medicinal uses have also been 

explored, including using the kernel oil for arthritis treatment and prevention (Sanderson & 

Sherman, 2004. Unfortunately, due to their high oil content, the kernels, once harvested, can 

become rancid very quickly, ruining the possibility of consumption, storage, processing or 

export. Drying is one method to reduce the impact of this problem. Traditionally, C. indicum 

nuts are dried openly in the sun (Evans, 1991). However, this method allows very little 

control during the drying process and can produce considerable variation in the finished 

product, again limiting the possibilities for sale or export. Small electric food dryers have also 

been used but in most of the areas where the nuts grow these dryers rely on imported diesel 

for electricity generation and are therefore expensive to operate. The problem is therefore to 

find a suitable dryer which is affordable, easy to operate and that can be constructed mainly 

from local materials. This paper describes the development, testing and performance of a 

locally-constructed solar tunnel dryer suitable for the preservation of C. indicum nuts in 

Vanuatu. Initially, the paper presents a description of the nuts and their processing 

requirements. The local climate in Vanuatu where the dryer will be used is also summarized. 

The solar dryer developed to address the problem outlined above is then described. Modeling 

and field testing results are presented and discussed, followed by some concluding remarks. 

 



 

2. Canarium Indicum Nuts 

Canarium indicum is the preferred scientific name for a nut from the Burseraceae or 

torchwood family, having several common names: galip in Papua New Guinea, nangai in 

Vanuatu and ngali in the Solomon Islands (Thomson & Evans, 2006). There are 

approximately 75 species belonging to the same genus which is found mainly in the Pacific 

Island regions and tropical Asia (Leenhouts 1959), as cited in (Nevenimo, 2007). Typically, 

the C. indicum trees are found in subtropical and cool tropical regions having an annual 

average temperature range of 18° to 24°C, according to (Janick & Paull 2006), and 24° to 

27°C according to Duke (1989) and a high annual rainfall of 1500-2500 mm is also reported 

where the C. indicum trees grow (Janick & Paull, 2006). The species thrive in humid wetlands 

and although often planted at higher altitudes, C. indicum will rarely be found to grow 

naturally above 250 m (Duke 1989). The phenology is determined by day length, with fruits 

maturing in West New Britain, PNG (7°S) as early as May but as late as October or 

November further from the equator in central Vanuatu (17°S) (Evans, 1994; Bourke et al., 

2004). The nuts can be harvested all year-round in Santa Cruz, Solomon Islands (9°S), 

although the crops tend to be small (Duke, 1989). In favorable conditions, the C. indicum 

trees can start flowering 5-7 years after planting (Thomson & Evans, 2006). The fruits, 60 x 

30 mm, start out green in color and can take 5-8 months before turning dark purple; signaling 

maturity (Leenhouts, 1959). The kernel is reported to be approximately one sixth of the total 

nut mass (Carlos & Dawes, 1990), yielding a mean kernel mass ranging from 1.38 to 3.65g 

(Nevenimo et al. 2007).The size of the nut in shell can vary considerably by region but for 

example, in Vanuatu samples measured between 36-56 mm long by 23-34 mm wide and had a 

fresh weight of 9-18 g (Thompson & Evans, 2006). The output of nuts per tree is also quite 

variable, measured at between 13 and 220 nuts per tree (Nevenimo et al., 2007). There is 

some variation in the reported values of the composition of the C. indicum kernels and values 

for selected properties from the literature are shown in Table 1.  

Table 1: Selected properties of raw C. indicum kernels 

Properties Maima (no date) English & Aalbersberg 

(1996) 

Evans (1991) 

Moisture (%) 24 35.4 - 

Oil/fat (%) - 45.9 74.9 

Protein (%) - 8.2 14.2 

 

Due to the high oil content, C. indicum kernels are vulnerable to rancidity, making processing 

quite challenging. Limited trials have been documented and a traditional process has been 

documented. Firstly, the mesocarp  (fleshy outer layer) must be removed by one of the known 

methods including bruising the fruit using stones, leaving bags of the fruits to ferment in sea 

water or submerging the fruits in boiling water for several minutes (Carlos & Dawes, 1990; 

Evans, 1991). Traditionally, the nuts are then dried in their shells naturally in the sun or over a 

fire (Evans, 1991). However, these drying methods allow very little control over the product 

quality. Evans (1994) suggests oven drying kernels at 60°C for ten hours results in desirable 

product quality for consumer acceptance and long shelf life. On the other hand, it is suggested 

that drying the kernels still attached to the testa (thin paper-like layer covering the kernel) at 

55°C for eight hours, resulted in a suitable product (Maima, no date). More recent work 



 

(Wallace et al., 2012)  found that drying the nuts-in-shell at a constant temperature of 60ęC 

resulted in significant browning of the kernel but drying trials at temperatures of below 40ęC 

resulted in higher over-all kernel quality with no notable discolouration. For best shelf 

storage, it is recommended that the kernel moisture be reduced to 1.5-2.0% (Evans, 1994) or 

at most 2.8% for vacuum packaging (Maima, no date). However, once the kernels have been 

removed from their shells, the shelf-life is decreased and thus it is preferable to store kernels 

in their shells (Nevenimo et al., 2007). Factors affecting the quality of the stored nuts include: 

how mature they were when harvested, storage conditions and the amount of moisture 

retained (Nevenimo et al., 2007). Wallace et al., (2012) found that nut-in-shell samples dried 

to a moisture content of 6% (3.5% kernel equivalent) showed no signs of visible deterioration 

after six months when vacuum packed kernels were stored at 30ęC and nine months at 25ęC. 

Nut-in-shell samples dried to 7% moisture content were found to retain their quality after 

eleven months of storage in low humidity conditions. 

3. Climatic Conditions 

Figure 1 indicates that the solar radiation data for Port Vila, the capital of Vanuatu (17Á45ôS 

168Á18ôE), has an average of 5.65 ï 6.67 kWh/day (peak sun hours) from September to 

November, which is the typical harvest season for this crop (Bourke et al., 2004). Figure 2 

shows the monthly rainfall for Port Vila, indicating that the hot wet season is from November 

to April and the cooler dry season is from May to October. The average temperature and 

relative humidity at this location from September to November are 26°C and 82% 

respectively (NASA, 2007). The peak harvest season for Vanuatu is in September, 

highlighted in Figure 1 and Figure 2.  

  

 

Figure 1:  Monthly average global horizontal solar radiation for  Port Vila, 

Vanuatu  



 

 

  

Figure 1: Monthly average rainfall data for Port Vila, Vanuatu  

4. Solar Tunnel Drier 

A low-profile solar tunnel dryer was selected as the most appropriate technology for the 

small-scale drying of the C. indicum nuts in Vanuatu. Selection was based on a number of 

criteria: ease of operation and construction, maximum use of local materials, cost and drying 

efficacy. Although some imported materials and components are used in its construction, the 

dryer is simple and will be inexpensive to operate. Figure 3 shows the unit in a) open and b) 

closed positions. Prototypes of the solar dryer were constructed in Sydney, Australia, and in 

Port Vila, Vanuatu. The dimensions of the dryers are shown in Table 2. Half of the length of 

each unit acts as a pre-heater and the other half as the drying zone where the crop is placed. 

The dryer base is constructed from timber and is topped with approximately 40 cm of 

insulation, which in turn is covered with a 4 mm thick black-painted timber layer. Three 20 

mm thick timber beams along half the length of the unit support a black-painted corrugated 

iron absorber sheet. Together the black-painted timber layer and corrugated iron form the 0.04 

m deep lower channel. The hinged tunnel top assembly is constructed from bent bamboo and 

UV stabilised polyethylene film. Adhesive foam strips ensure a good seal to prevent air 

leakage. Two PV-powered DC fans mounted at the pre-heater end force ambient air through 

the dryer. 


