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Abstract

:

Dabai (Canarium odontophyllum) is a fruit-bearing plant native to Borneo. Its fruit is an indigenous seasonal fruit that is considered to be underutilized due to its short shelf life. However, new products have been developed to ensure a continuous supply of dabai fruit throughout the year. Hence, the exploration of dabai fruits in characterizations and utilization for food products and essential oil has expanded exponentially. This review addresses the nutritional values, health benefits, potential food products, and essential oil processing of dabai fruit. All parts of dabai fruit, such as the pulp, skin, and kernel, contain a considerable amount of bioactive compounds, dietary fiber, and nutrients. Moreover, dabai fruit has also been proven to have health benefits such as an antioxidant capacity, cholesterol reduction, diabetes type 2 prevention, and reduction in the risk of heart disease. Some potential dabai-based food products and oil processing of dabai are also highlighted. The future perspectives and challenges concerning the potential uses of dabai are critically addressed at the end of this review. Based on this review, it is proven that dabai has various health benefits and represents a potential breakthrough in the agricultural and food industries.
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1. Introduction


Dabai (Canarium odontophyllum) is a fruit-bearing plant native to Borneo from the Burseraceae family. Dabai fruit is an indigenous seasonal fruit considered a delicacy in Sarawak. The skin and flesh are hard and inedible when ripe, so the fruit needs to be soaked in warm water for up to 10 min to soften the skin. The taste of the flesh is similar to avocado due to its creamy texture and fatty taste. The kernel is edible and rich in oil yet normally discarded. Dabai is devoured as a snack food by locals, with high nutritional values that are good for health. Despite its abundance, the potential of dabai fruit has not been comprehensively explored and it is considered to be an underutilized fruit [1]. In addition, dabai fruit has a minimal shelf life. It can be stored at room temperature for only up to three days before the skin becomes crinkled due to moisture loss [2]. This property is becoming a significant drawback to the distribution and marketing of dabai fruit nationally and internationally. To expedite the growth of the dabai market, the Malaysian Agricultural Research and Development Institute has developed dabai pickles and frozen dabai pulp to ensure a continuous supply is available even during the off seasons [3]. The developed products enable steady processing of dabai fruit throughout the year and enhance its potential to be further explored.



Recently, the nutritional values and health benefits of dabai have becoming more recognized and well investigated. The emerging trend of studies reported in the literature is towards profiling the physico-chemical and biological contents of dabai skin, flesh or pulp, kernel, and leaf and exploring their potential health benefits. The degree of maturity, climate, and postharvest environments are a few elements that affect the physico-chemical and biological characteristics of fruits [4]. A saturated fatty acid oleoresin has been extracted from dabai pulp. It has been proven to contain low peroxide and free fatty acids and is rich in vitamin E (α-tocopherol) [5]. Previous research also evaluated the efficiency of dabai pulp oil (DPO) and defatted dabai pulp (DDP) in lowering hypocholesterolemic levels and providing hepatoprotective benefits in hypercholesterolemic rats [6]. DDP, rich in anthocyanin and syringic acid, significantly lowers cholesterol, low-density lipoprotein, and β-hydroxy β-methylglutaryl-CoA (HMG-CoA) reductase, a rate-controlling enzyme of a metabolic pathway that produces cholesterol. A study by Salleh et al. [7] revealed the excellent antioxidant capacities of edible dabai fruit components such as dabai kernel, skin, and pulp. Dabai kernel also has a high content of dietary fiber, up to 22%, which is good for lowering type 2 diabetes and the risk of heart disease [8].



Due to the versatility of dabai fruit, it can be transformed into various food products. Oleoresin, a natural plant product primarily containing essential oil and resin, is one of the potential products of dabai fruit. By utilizing supercritical fluid extraction, Abdul Kadir et al. [5] successfully removed all toxins from oleoresin, which was extracted from dabai pulp. The extracted oleoresin can be used as a new alternative fat to be incorporated in the formulation of end products in food industries. Azlan et al. [9] utilized dabai fruit components, oleoresin, oil, and kernel to make dabai cocoa bars. Dabai kernel fat partially replaced cocoa butter and oil in the cocoa bar formulation. Currently, there are various food products with dabai incorporated, such as dabai fried rice, dabai sauce, dabai mayonnaise, dabai ice cream, and dried dabai [2]. With the current food research and development technology, more products can be developed to utilize dabai fruitfully. By taking advantage of the complete utilization of dabai fruit, the potential for profitable goods in food industries and other sectors could provide a wide variety of food-based and waste-processing products with high economic importance. Thus, this review aims to provide a comprehensive overview of the nutritional values, health benefits, potential food products, and essential oil processing of dabai fruit. With these findings, food manufacturers and researchers may gain fundamental knowledge to explore new perspectives for dabai products.




2. Dabai Physiology and Characteristics


In addition to ‘dabai’, kembayau is the name given to the fruit in both Brunei and Sabah [10]. It can be found in abundance in the tropical forests of east Malaysia, particularly in the Sarawak regions of Sibu and Kapit [11]. It is a fruit that is only available during certain times of the year, and depending on the climate, the best times to harvest it are between July and August, and November and December. The plant can be grown from seeds on the island of Borneo in Southeast Asia [12].



Approximately 100 different species of Canarium L. can be found in the tropical forests of Africa, Asia, and Australia. However, the species of Canarium odontophyllum can only be discovered in the tropical forests of Sumatra (Indonesia), Borneo (Malaysia and Indonesia), and the Philippines, more specifically, on the islands of Mindanao and Luzon [13]. According to Leenhouts et al. [14], out of the 52 species recorded as belonging to the genus Canarium L., 8 of these species can be found on the Malay Peninsula and 14 of these species can be found in Borneo. The names of the species, such as Canarium perlisanum and Canarium sumatranum, are often coined from their origin. However, in some cases, the plant is also somehow indigenous to several other regions.



A young dabai tree can produce up to 10 kg of dabai, whereas a mature tree (10 years old or older) can produce between 80 and 100 kg [15]. Therefore, it was anticipated that around 200,000 to 500,000 kg would be produced throughout each season. The tree has the potential to grow between 30 and 40 m in height and has a lifespan of about 40 years [16]. After 5 years of planting, the plant will begin to produce fruit, and a fully mature tree can produce up to 800 kg of fruit all at once [17]. Canarium L. species can grow naturally in a wide range of soil types. The optimal growing environment for these plants is land that is moist, rich, deep, crumbly, organically sandy loam and has a pH range between 4.5 and 6.5. Moreover, they can survive under alkaline conditions up to a pH of 7.4 and are capable of being contained in poorly drained wooded environments [18,19].



The dabai fruit is physically characterized by its oblong shape, thin and edible skin, and white or yellow flesh, depending on the variety. It also has a peculiar flavor [20]. The color of the dabai fruit’s skin, when it is fully ripe, is somewhere between black and blue. Anthocyanin (cyanine-3-glucoside) is primarily responsible for the color of the pigment found in the skin [21,22]. The shape of the dabai fruit ranges from oval to ellipsoid, approximately 3.5 to 4.0 cm in length and 2.0 to 2.5 cm wide. The weight of a single dabai fruit can reach up to 18 g, and the structure of the fruit comprises pulp, skin, and kernel [23]. This observation was made previously by Prasad et al. [24], who indicated that it is oblong, measuring between 3 and 4 cm in length, and weighing 10 to 13 g each. The dabai fruits have a texture and look comparable to that of olives. When it is unripe, this fruit is a pale green, but it turns a deep purple or almost black when it reaches maturity. Its flesh is bright yellow, and the seed is triangular with three angles. Figure 1 shows the maturation process of dabai starting from the emergence of fruitlets until the over-mature phase.



The fruit is made up of an outer skin (epidermis) and a fleshy core (mesocarp) that surrounds a hard seed (endocarp) [25,26] Figure 2 shows parts of the dabai. The dabai seed has a tough and woody endocarp that encloses an edible cotyledon on the inside, and the physical features of this nutshell are similar to those of a palm kernel shell [11,27]. When mature, the fruits usually have a blue-black coloration and typically take on the appearance of plums or drupes. It is glabrous, particularly near the base and the tip, and has a rough texture. The pericarp can be fleshy or fibrous pyrene stony [28].



As shown in Figure 2a, Ideris et al. [16] also discovered that the mature skin of the fruit is black. Its immature state has a color range from white to a very light yellow. Figure 2b illustrates the seed and the flesh of the fresh fruit. The fruit has an ellipsoid or oblong shape, approximately 3 to 4 cm long and 2 to 2.5 cm wide. The flesh thickness is approximately 0.4 to 0.7 cm, covering a single large seed [10]. As shown in Figure 2c,d, the typical length of the seed is approximately 3 to 4 cm, and its width is about 1.5 to 2 cm. The seed has a cross-section in the shape of a sub-triangle, and it often contains three chambers [2]. The oil-rich kernel is found in the largest chamber, as shown in Figure 2e,f.
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Figure 1. Timeline chart of dabai fruit during the maturation process. Adapted from [29]. 
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Figure 2. (a) Mature dabai fruits; (b) Dabai flesh (mesocarp) and hard seed (endocarp); (c) Length of the seed; (d) Width of the seed; (e) Longitudinal section of the seed; (f) Transverse section of the seed and the kernel. Adapted from [16]. 
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3. Nutritional Values of Dabai


Dabai consumption, marketing, and production have all increased significantly in the commercial market. This scenario has led to advancements and inspired researchers to take a closer look at the nutritional values of dabai. This section discusses the nutritional values, antioxidants, potential future alternative fat, and antimicrobial properties of dabai as one of the indigenous fruits of Borneo (Table 1).



3.1. Antioxidant and Nutritional Values


The high antioxidant properties and nutritional values make dabai appreciated by many people, especially the local community in Borneo. Consequently, there are compelling scientific grounds for investigating the phytochemical and nutritional composition of dabai. Dabai fruit has the most influential antioxidant properties. Faridah Hanim et al. [30] and Pin et al. [31] demonstrated that dabai peel is a major source of natural antioxidants. Prasad et al. [32] added that dabai peel and pulp extracts have a high concentration of carotenoids and a reasonable level of antioxidant capacity in the DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) and ABTS (2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) assays. However, this depends on the geographical location of the growing dabai tree [34]. The fruit’s nutritional composition and antioxidant properties are influenced by the growing region or place of production, cultivar, climate, year of production, maturity, and cultural strategies. This is consistent with the work of Koczka et al. [47] and Arvaniti et al. [48], who showed that the antioxidant capacity of rosehip and figs was affected by the growing location.



The mean contractions of phytochemicals for their antioxidant benefit in maintaining longevity were studied by Basri et al. [49] to determine the inhibition of extracellular Ca2+ influx that is involved in extract-induced relaxation. After being incubated with EC50 of the extract, endothelium-denuded aortic rings were made to contract by phenylephrine (PE) and stimulated by potassium chloride (KCl). The control study did not involve preincubation with 30 min of extraction. Table 2 shows the effect of the CaCl2 content and reagent type on the contraction amplitude. Comparing the KCl- and PE-precontracted aortic rings to the control group, the vasocontraction responses to the cumulative concentration of Ca2+ did not exhibit any significant differences given the presence of dabai. The Ca2+-induced contraction that PE and KCl induced was not noticeably inhibited by dabai.



The total phenolics in dabai peels were found to be 18.88 to 26.62 mg gallic acid equivalent/g and the total flavonoid content was 15.62 to 46.70 mg quercetin equivalent/g [31]. However, this depends on the dabai peel extraction method. According to Khoo et al. [33], catechin and epigallocatechin were the most abundant phenolics in defatted dabai peel methanol extract. At the same time, ellagic acid was the most abundant phenolic acid in the water extract. Furthermore, the authors found that the defatted dabai peel contained more anthocyanidin than its pulp. High levels of total phenolics and Trolox-equivalent antioxidant capacity were found in the peel of a defatted dabai fruit extracted with methanol.



Calcium (16.00–67.88 mg/100 g fresh weight (FW)), sodium (7.26–11.19 mg/100 g FW), and potassium (3.64–7.19 mg/100 g FW) are the most abundant minerals in dabai fruit. Still, their concentrations vary significantly depending on the geographical location and variety [34]. In contrast, the study by Hoe and Kueh [35] indicated that the most potent minerals in dabai fruit are potassium (810 mg/100 g edible portion), calcium (200 mg/100 g edible portion), magnesium (106 mg/100 g edible portion), and phosphorus (65 mg/100 g edible portion). The authors also noted that dabai is high in energy (339 kcal/100 g edible portion) and protein (3.8%/100 g edible portion). Surprisingly, no vitamin C was found in dabai fruit. Chew et al. [34] reported that the dabai fruit protein was abundant in aspartic and glutamic acids, which comprised 45 to 49% of the total amino acids.




3.2. A Potential Future as Alternative Fat


Dabai has the potential to be a new source of alternative fat [50]. The most abundant fatty acids in the fruit are oleic (18:1), linoleic (18:2), and palmitic (16:0) acid, with percentages comparable to palm oil [37]. According to Umi Kalsum and Mirfat [36], the fruit has a low moisture content but high fat content. The fat content contributes to the high energy content in dabai fruit. The fruit contains 29.58 to 37.07% fat and contributes 504.12 to 567.12 kcal of energy in dabai fruit. These results are consistent with those of Hoe and Kueh [35], who reported that the fruit contained 26.2% fat and 339 kcal of energy.



Dabai pulp and kernel oils could be used to develop potentially healthy cooking oils due to their favorable fatty acid profile and high antioxidant activity [37]. These claims are consistent with those made by Basri et al. [20], who stated that dabai fruit is a good source of unsaturated fatty acids, and so has the potential to be converted into healthy cooking oil. On the other hand, dabai pulp and kernel fat has been shown in studies to boost the lipid profile of laboratory rabbits given dabai fat. In addition, in vitro and in vivo studies show that defatted dabai peel has a modest cardioprotective effect [38,39]. This may be due to the high dietary fiber and antioxidant activity in dabai fruit, which contributes to the cholesterol-lowering effect. This finding provides evidence that dabai defatted pulp might be able to lower cholesterol and protect cells from damage. A study by Khoo et al. [40] examined the potential use of defatted dabai peel in future bioceuticals. This study revealed that defatted dabai peel had the highest antioxidant capacity and an oxidative-stress-inhibiting effect. The defatted dabai peel increases cellular antioxidant enzymes, i.e., superoxide dismutase and glutathione peroxidase, in rabbits, and inhibits lipid peroxidation, i.e., plasma malondialdehyde.



Recently, Azlan et al. [9] found that the high saturated fat of dabai kernel can be used in place of cocoa butter or palm kernel fat to produce chocolate. Moreover, the authors highlighted that sensory analysis revealed that chocolate bars made from dabai kernel were preferred over dabai oil and oleoresin. This has significant potential for the chocolate bar industry. Similarly, Abdul Kadir et al. [41] indicated that dabai pulp oleoresin is safe to be consumed and has significant potential as a new margarine and cocoa butter substitute with bioactive compounds (vitamin E). The authors also mentioned that the low amount of peroxide values (5.60 ± 0.09 mEq/kg) and free fatty acids (3.40 ± 0.03%) in dabai pulp oleoresin shows that it is of good quality and can be used for more than just food.




3.3. Antimicrobial Properties


The antimicrobial properties of dabai fruit have been extensively researched. For instance, Basri et al. [42] found that Candida glabrata was susceptible to the dabai pulp extract. Next, Basri et al. [43] experimented with dabai seed and showed promising antibacterial activity against infections associated with Acinetobacter baumannii and Proteus mirabilis. The findings suggest that dabai fruit could be a valuable source of an alternative phytotherapeutic agent with antimicrobial potential. In another study, Basri et al. [44] found antimicrobial effects of stem bark extracts from dabai in methanol, acetone, and distilled water against Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC 6633, Escherichia coli ATCC 25932, Pseudomonas aeruginosa ATCC 27853, Acinetobacter baumannii strain sensitive, Candida albicans ATCC 64677, Candida glabrata ATCC 90028, Aspergillus niger, and Fusarium solani M2781. They discovered that an extract of the stem bark of the dabai tree, when processed with methanol and acetone, had a bactericidal effect against Staphylococcus aureus and a bacteriostatic effect against Acinetobacter baumannii.



Research into dabai leaves has been started and found to have significant potential in the future pharmaceutical and nutritional food-based industries [45,51]. The potential of leaf extracts of dabai as an antimalarial agent has been extensively investigated by Ishak et al. [46]. This study found that dabai leaf extract in methanol may inhibit plasmodium at 5% parasitemia at different morphological stages, such as young trophozoite, mature trophozoite, and schizont. This study indicated that the leaf extract of dabai can be further developed into an antimalarial drug. A seminal study in this area is the work of Shamsuddin et al. [45]. They revealed that combining dabai leaf extract with acetone could provide insight into the antimicrobial mechanism, potentially leading to the identification of a target protein for future novel therapeutic development against methicillin-resistant Staphylococcus aureus infections.





4. Potential of Food Products and Essential Oil Processing of Dabai


The food industry is interested in incorporating dabai into various food products due to its high nutritional value and abundant chemical composition. Dabai production and consumption also result in significant amounts of solid waste, which raises the possibility of valuable waste-processing products. Only 43 to 56% of each dabai fruit is pulp; the remainder, which includes the seed (6–9%) and peel (7–16%), can be considered wastes [8]. The potential food-based and waste-processing products related to dabai are summarized in Table 3.



After peeling the pulp and removing the seed, a substantial amount of dabai pulp is typically used in numerous food-based products. Dabai has a delicious creamy taste and a pleasant aroma. Dabai fruit is a good source of high energy, fat, protein, and minerals such as magnesium, phosphorus, and calcium [8]. In the food industry, the addition of dabai to a cake batter can improve the quality of the cake produced due to its nutrients [58]. A cake containing 10 g of dabai was the most favored in terms of general acceptability, with a mean score of 6.90. Ing [60] developed a formulation of a mixed fruit juice from dabai fruits and watermelon. The best mixture of 37% of total fruit puree with a 1:1 watermelon to dabai fruit ratio, 8% sugar, 0.1% pectinase enzyme, 0.1% citric acid, 0.05 sodium benzoate, and 54.75% water had a shelf life of 3 weeks. A paste made from the creamy fresh or preserved flesh of the dabai fruit is the main component of a savory stir-fried rice with dabai [61].



Furthermore, the commercial market offers a variety of processed dabai products or ingredients, such as mayonnaise, ice cream, dried fruit, crackers, pickle, sauce, cocoa bars, and peanut spread [9,23,57]. Dabai extract or oil contains antioxidants, including phenolics, flavonoids, anthocyanidins, and carotenoids, which protect the skin from sun damage and slow the ageing process [50,55]. The fatty acid profile of dabai pulp oil is similar to that of palm oil. As a result, dabai pulp oil can most likely be used as a vegetable oil substitute [62]. Growing recognition of the value of vegetable oils and their health benefits in achieving sustainable development goals has sparked economic interest in their ability to be transformed into agricultural and industrial products.



In the preceding context, an area of research that has gained significant interest is the processing of dabai oil. The process configuration includes the extraction time, solvent, temperature, and other factors that can modify the physico-chemical properties of dabai oil and the morphology of dabai samples. Table 4 summarizes the dabai oil extraction method and the parameters involved. Dabai pulp and kernel oils have been extracted using supercritical carbon dioxide (CO2) for their antioxidant and fatty acid properties, their potential as a new alternative fat, and their potential to enhance the treatment of hypercholesterolemia [5,6,25,55,56]. Other fields, such as solvent extraction for oil composition analysis, supplementation to normocholesterolemic and hypercholesterolemic patients, hepatotoxicity, and protective activities in an in vivo model, are also being investigated [8,12,13,37,39]. However, supercritical extraction has drawbacks such as high investment costs and difficulties with polar analyte extraction due to its low polarity [63]. In addition, the toxicity of the solvent used and process selectivity must be considered during the manufacturing process [6]. There is a constant need to search for an optimal technology for the production process while considering its cost, available materials, and efficiency. A fruitful area for further work is an exploration of the promising green environmentally methods for oil extraction from dabai fruit.




5. Health Benefits


Dabai is abundant in nutrients and minerals that help in boosting human health. Numerous health benefits have been investigated in the pulp and kernel of dabai fruit, which could be explored in future research in terms of preservation and health enhancement through optimal storage conditions and processing technologies. In addition to their nutrient contents, the health aspects of dabai fruit are of great importance since various health issues such as skin problems, coronary heart disease, and cardiovascular diseases could be monitored by adjusting dietary ingestion of lipids and phenolic compounds. Although the fruit is very delicate and perishable, it is well known to have significant potential for health benefits. The potential health benefits of dabai are illustrated in Figure 3.



5.1. Bioactive Compounds


Dabai is rich in monomeric anthocyanin contents and flavonoids, which are essential for daily intake. In addition, the phenolic compounds found in dabai fruit could act as antioxidants and assist in preventing cancer. As a potential source of plant oil, dabai is a good source of dietary lipid since it could provide essential dietary antioxidants and contains low saturated fat levels. Dabai pulp oil is suitable for use in addition to vegetable oil since it contains a comparable fatty acid profile to palm oil, including oleic, palmitic, and linoleic acids [55]. It is also believed that the polyphenols in dabai fruit are responsible for improving lipid profiles.




5.2. Vitamins and Minerals


Dabai fruit has a high energy source, protein, fat, and essential minerals, including calcium, magnesium, and phosphorus [9]. Dabai is favored for use as a healthy oil and in the production of functional foods due to its fatty acid composition, which contains more than 50% monounsaturated and polyunsaturated fatty acids [8]. In addition to being nutritious, dabai is known for its high content of vitamin E, especially γ-tocopherol and α-tocopherol, typically found in the human body [37]. Vitamin E is a good antioxidant and important in health-promoting properties. These forms of vitamin E act as a radical chain-breaking antioxidant, which is vital for lowering the risk of cardiovascular disease and platelet aggregation. Hence, the multitude of nutrient compounds found in dabai are recommended for promoting the health benefits of the fruit to help in developing promising functionalities and commercial food products. In a study performed byDing and Tee [10], it was found that dabai fruit has a high energy content, fat, carbohydrate, crude fiber, protein, ash, and essential minerals such as calcium, phosphorus, potassium, magnesium, and iron. Calcium and magnesium in dabai are essential trace elements that are beneficial in strengthening bone growth and reducing the risk of coronary heart diseases [50].




5.3. Antioxidant Capacity


Chew et al. [34] successfully investigated the potential antioxidant properties of red and purple dabai fruits. It was revealed that the dabai fruit yielded the highest antioxidant capacity of 0.68 ± 0.09 mmol Trolox equivalent/g dry weight. The high antioxidant level in dabai could significantly delay the oxidation process of oxidizable substrates and nurture therapeutic activities in several diseases, including cancer, liver problem, and cardiovascular disease [56]. Faridah Hanim et al. [30] described the beneficial effects of dabai peel as the main source of antioxidants that could prevent lipid peroxidation and increase cellular antioxidant enzymes. The use of dabai has been shown to effectively increase lipoprotein lipase and antioxidant capacities, including catalase, glutathione peroxidase, and superoxide dismutase [56].




5.4. Anti-Cholinesterase Activity


Dabai also contains acetylcholinesterase, a key enzyme in the breakdown of acetylcholine. Acetylcholinesterase helps support the nervous system in battling the loss of cholinergic neurons caused by diseases such as Alzheimer’s disease [64]. The extraction from dabai has been proven to lower plasma cholesterol, which can reduce the amount of low-density lipoprotein, which can lead to atherosclerosis in the arteries [2]. In another study, Abdul Aziz et al. [1] revealed that dabai leaf extract could reduce the blood glucose level. Saponins, terpenoids, and flavonoids found in dabai extract could have a hypoglycemic effect to regulate pancreatic tissue for insulin production and monitor glucose absorption.




5.5. Cholesterol-Lowering Activity


A healthier diet plays a vital role in controlling cholesterol levels in the human body. Dabai has shown anti-obesity and cholesterol-lowering effects depending on the type of cultivars. The extraction of dabai pulp has been proven to be successful in lowering plasma cholesterol [2]. It is also noted that the functionality of dabai pulp oil is promising as it has an anti-hyperglycemic effect by reducing blood glucose levels. Apart from this, Azlan et al. [65] demonstrated that dabai pulp oil is essential in reducing triglyceride and total cholesterol levels.





6. Future Perspective and Challenges


One of Sarawak’s native fruits, the dabai, was recently determined to have significant potential for commercial exploitation. Dabai is a highly perishable crop, and few organizations have started shelf life studies on the preservation or minimization of quality loss [61,66,67]. The marketing life of dabai has been limited by its short shelf life. This also reduces the market potential of the fruit, particularly in terms of its ability to reach domestic and international markets. The fruit is very palatable, especially to the local populace, but inappropriate postharvest handling activities due to bacteria, insects, and respiration cause significant losses [68]. Fruit may be stored during the peak harvesting season and sold during the off-season when a widely employed process of freezing fruit is used. More broadly, there is still a need for long-term freshness and quality preservation research. Another important practical implication of the various technologies introduced is sensory evaluation. Sensory attributes such as flavor, texture, appearance, and taste are usually examined to evaluate the acceptable and quality interpretation of foods among consumers [69].



The National Agro-Food Policy 2.0 (DAN 2.0) 2021–2030, which the government recently introduced, enables the agro-food sector to be more competitive by applying highly agricultural technology, which is able to contribute to national economic development and ensure environmental sustainability in accordance with the 2030 Sustainable Development Goals [70]. Postharvest handling is more controlled and effective with emerging technologies, such as modified atmosphere packaging, bio-based coating or film materials, and smart packaging integrated with the Internet of Things, which could be improved further to extend the shelf life of fruits [66,71,72]. Other examples, such as rapid information on the structure, mechanical, physical, and chemical properties, could be provided by non-destructive testing without the use of techniques that negatively impact the aspect and quality of the food. However, this method suffers from the knowledge gap between laboratory applications and the field scale [73]. The digitization of production-based industries, including agro-food, is driven by technology drivers, including artificial intelligence, system integration, big data analytics, and advanced materials [74]. This is modernizing agriculture based on the 12th Malaysia Plan to spur economic growth with the development of the Fourth Industrial Revolution.



Recognizing the economic prospects of dabai fruit, the strategies outlined in DAN 2.0 include stepping up efforts to advance research and development, technology adoption and automation, supportive ecosystems, and various innovation programs and activities [70]. In order to produce dabai fruits with premium qualities and a long storage life for shipment to far-off markets locally and internationally, product research and development must be prioritized, and production techniques must be developed [75]. However, functional food product development provides opportunities and challenges for food manufacturers. The synergies of cooperation need to be enhanced, and leapfrog approaches based on the quintuple helix model, a combination of academia, universities, industry, communities, government, and the environment, utilized in providing solutions to the development of dabai-based food products [76]. Roundtable discussions, technology development collaborations, research papers, policy development, technology transfer, and training of the community need to be continued to ensure that the technology developed can be used effectively by the target group.




7. Conclusions


Dabai industries will provide various opportunities for economic investment, increasing the number of lower-income farmers and developing small and medium industries. Dabai is expected to contribute to the country’s gross domestic product growth because it has great potential as a source of genetic diversity of exotic fruits, nutritional values, and health benefits in community forests. A fast and reliable equipment for oil extraction that could be carried out by unskilled personnel on-site and for long hours of extraction activities would significantly facilitate the high-yield production of dabai oil. Such equipment would benefit oil producers or manufacturers and guarantee that the extracted oil meets standards for export. In addition to applications in food-based products, considerably more work will need to be carried out to determine the potential of dabai fruit for non-food-based products. Research on the genetic diversity is required as the foundation for breeding programs that may provide solutions to many issues that prevent this exotic fruit tree from becoming a crop. Vegetative propagation methods should be developed once a suitable clone has been found in order to turn it into a crop. A more thorough investigation could evaluate the impact of postharvest, handling and storage, quality and shelf life, and innovation on dabai fruit, particularly during the off-season. Therefore, it is anticipated that the commercialization of this indigenous fruit will increase significantly in the near future with various stakeholders’ contributions. A key policy priority should consequently be to plan for long-term care to move towards sustainable indigenous fruit management.







Author Contributions


Conceptualization, M.H.H., M.M.A. and M.S.M.B.; resources, M.H.H., M.S.M.B., B.M., M.H.W. and M.M.A.; writing—original draft preparation, M.H.H. and M.S.M.B.; writing—review and editing, M.S.M.B., B.M., M.H.W. and M.M.A.; project administration, M.H.H., H.C.M. and S.G.A.; funding acquisition, M.H.H., H.C.M. and S.G.A. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by University Consortium (UC) Seed Fund for Collaborative Research Grant, Southeast Asian Regional Center for Graduate Study and Research in Agriculture (SEARCA) (Vot No. 6380116-10801).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


The authors wish to acknowledge the Southeast Asian Regional Center for Graduate Study and Research in Agriculture (SEARCA) for their financial support and the Economic Planning Unit Sarawak, Chief Minister’s Department (Ref: (38) JKM/SPU/608-8/2/1 Vol.3), who approved and issued the R&D permit.




Conflicts of Interest


The authors declare no potential conflict of interest with respect to research, authorship, and publication of this article.




References


	



Abdul Aziz, M.W.H.; Masre, S.F.; Basri, D.F.; Ghazali, A.R. Canarium odontophyllum Miq. (Dabai) leaf phytoextracts and their medicinal properties. Pertanika J. Sci. Technol. 2022, 30, 2115–2125. [Google Scholar] [CrossRef]

	



Mundi, M.; Rawi, M.H.; Saupi, N.; Sarbini, S.R. Mini-review: Phytology of Dabai (Canarium odontophyllum) as a potential functional food. Food Res. 2022, 6, 296–303. [Google Scholar] [CrossRef]

	



Chua, H.P.; Nicholas, D. Dabai, Specialty Fruit of Sarawak; Scientia MARDI: Serdang, Malaysia, 2016; p. 10. [Google Scholar]

	



Franco, R.K.G.; Esguerra, E.B.; Tababa, J.L.; Castro, A.C. Harvest maturity affects the quality and storage behavior of white—Fleshed. Food Res. 2022, 6, 423–433. [Google Scholar] [CrossRef]

	



Abdul Kadir, N.A.A.; Azlan, A.; Abas, F.; Ismail, I.S. Preliminary evaluation of supercritical carbon dioxide extracted dabai pulp oleoresin as a new alternative fat. Molecules 2021, 26, 5545. [Google Scholar] [CrossRef]

	



Abdul Kadir, N.A.A.; Azlan, A.; Abas, F.; Ismail, I.S. Hepatoprotective effect of supercritical carbon dioxide extracted dabai pulp oil and its defatted pulp. Molecules 2021, 26, 671. [Google Scholar] [CrossRef]

	



Salleh, S.F.; Ajibola, A.A.; Nolasco-Hipolito, C.; Husaini, A.; Zarrabal-Octavio, C.; Lihan, S.; Adeyinka, G.C.; Rosli, F.R.; Ahmed, I.A.; Zayed, M.Z.; et al. Fatty acid profile and antioxidant capacity of Dabai (Canarium odontophyllum L.): Effect of origin and fruit component. Molecules 2022, 27, 3840. [Google Scholar] [CrossRef]

	



Chua, H.P.; Nicholas, D.; Adros Yahya, M.N. Physical properties and nutritional values of dabai fruit (Canarium odontophyllum) of different genotypes. J. Trop. Agric. Food Sci. 2015, 43, 1–10. [Google Scholar]

	



Azlan, A.; Khoo, H.E.; Wan Shapie, W.K.; Abd Kadir, N.A.; Sultana, S. Nutritional quality and sensory evaluation of dabai-fortified cocoa bar. Int. J. Food Prop. 2020, 23, 1324–1336. [Google Scholar] [CrossRef]

	



Ding, P.; Tee, Y.K. Physicochemical characteristics of dabai (Canarium odontophyllum Miq.) fruit. Fruits 2011, 66, 47–52. [Google Scholar] [CrossRef]

	



Anthonette, A.J.; Rahman, M.R.; Huda, D.; Aqlan, F.M.; Matin, M.M.; Bakri, M.K.; Kuok, K.K.; Rahman, M.M. Synthesis and characterization of novel nano-carbon mixture from dabai (Canarium odontophyllum) nutshell. BioResources 2022, 17, 4452–4469. [Google Scholar]

	



Faridah Hanim, S.; Azrina, A.; Khoo, H.E.; Amin, I. Protective effects of pulp and kernel oils from Canarium odontophyllum fruit in normal and hypercholesterolemic rabbits. Int. Food Res. J. 2015, 22, 1318–1326. [Google Scholar]

	



Bami, M.L.; Kamarudin, M.S.; Saad, C.R.; Arshad, A.; Ebrahimi, M. Effects of canarium fruit (Canarium odontophyllum) oil as a dietary lipid source for juvenile mahseer (Tor tambroides) performance. Aquac. Rep. 2017, 6, 8–20. [Google Scholar] [CrossRef]

	



Leenhouts, P.W.; Kalkman, C.; Lam, H.J. Burseraceae. Flora Males.-Ser. 1 Spermatophyta 1955, 5, 209–296. [Google Scholar]

	



Brooke, P.; Lau, C.Y. Dabai Planting Material and Propagation Technique; Department of Agriculture: Sarawak, Malaysia, 2013; pp. 1–6. [Google Scholar]

	



Ideris, F.; Shamsuddin, A.H.; Nomanbhay, S.; Kusumo, F.; Silitonga, A.S.; Ong, M.Y.; Ong, H.C.; Indra Mahlia, T.M. Optimization of ultrasound-assisted oil extraction from Canarium odontophyllum kernel as a novel biodiesel feedstock. J. Clean. Prod. 2021, 288, 125563. [Google Scholar] [CrossRef]

	



Ching, T.J.; Seng, H.W.; Tawan, C.; Shamsudin, N. Molecular studies on dabai (Canarium odontophyllum Miq.): DNA profiling and sex typing using RAPD markers. In Proceedings of the 4th International Conference on Natural Resources and Environmental Management, and Environmental Safety and Health, Kuching, Malaysia, 24–26 November 2009. [Google Scholar]

	



Bourke, R.M. Edible indigenous nuts in Papua New Guinea. In Proceedings of the South Pacific Indigenous Nuts—The Australian Centre for International Agricultural Research Proceedings, Port Vila, Vanuatu, 31 October–4 November 1994. [Google Scholar]

	



Carlos, J.T.; Dawes, S.N. South Pacific Tropical Nut Cultivation: Status and Outlook; Institute of Research, Extension and Training in Agriculture, University of the South Pacific Apia Western: Apia, Samoa, 1990; pp. 1–28. [Google Scholar]

	



Basri, D.F.; Fudholi, A.; Ruslan, M.H. Drying characteristics of the borneo Canarium odontophyllum (dabai) fruit. Am. J. Agric. Biol. Sci. 2012, 7, 347–356. [Google Scholar] [CrossRef]

	



Deylami, M.Z.; Abdul Rahman, R.; Tan, C.P.; Bakar, J.; Olusegun, L. Effect of blanching on enzyme activity, color changes, anthocyanin stability and extractability of mangosteen pericarp: A kinetic study. J. Food Eng. 2016, 178, 12–19. [Google Scholar] [CrossRef]

	



Khoo, H.E.; Azlan, A.; Ismail, A.; Abas, F.; Hamid, M. Inhibition of oxidative stress and lipid peroxidation by anthocyanins from defatted Canarium odontophyllum pericarp and peel using in vitro bioassays. PLoS ONE 2014, 9, e81447. [Google Scholar] [CrossRef]

	



Abdul Fattah, A.R.; Mohd Zahid, A.; Norhasmillah, A.H.; Josephine, A.E.; Mohd Syafiq, A.; Ashraf, A.R.; Mohd Hafsanjani, S.; Nur Aqilah, M. The impact of (Canarium odontophyllum Miq.) dabai optimum soaking condition towards the development of dabai peanut spread physicochemical properties and sensory evaluation. J. Agrobiotechnol. 2021, 12, 56–67. [Google Scholar] [CrossRef]

	



Prasad, K.N.; Chew, L.Y.; Khoo, H.E.; Kong, K.W.; Azlan, A.; Ismail, A. Antioxidant capacities of peel, pulp, and seed fractions of Canarium odontophyllum Miq. fruit. J. Biomed. Biotechnol. 2010, 2010, 871379. [Google Scholar] [CrossRef]

	



Abdul Kadir, N.A.A.; Azlan, A.; Abas, F.; Ismail, I.S. Beneficial effect of supercritical carbon dioxide extracted (SC-CO2) Dabai (Canarium odontophyllum) pulp oil in hypercholesterolemia-induced SPF sprague-dawley rats. Nat. Prod. Commun. 2018, 13, 1583–1586. [Google Scholar] [CrossRef]

	



Choo, W. The lesser known indigenous tropical fruits of Sarawak. Acta Hortic. 1992, 321, 122–131. [Google Scholar] [CrossRef]

	



Khairulzaim, A.A.M.; Rahman, M.R.; Roslan, L.; Bakri, M.K.; Khan, A.; Matin, M.M. Analysis of char prepared by pyrolysis of dabai (Canarium odontophyllum) nutshells as a potential precursor of biocarbon used for wastewater treatment. BioResources 2021, 16, 5036–5046. [Google Scholar] [CrossRef]

	



Rashid, N.A.H.A.; Shamsudin, R.; Arifin, S.H.; Abdullah, W.N.Z.Z. Morphological and quality characteristics of genus of Canarium L.: A review. In Proceedings of the IOP Conference Series: Earth and Environmental Science International Conference on Green Agro-Industry and Bioeconomy, Malang, Indonesia, 25 August 2020. [Google Scholar]

	



Yuon, L.C.; Brooke, P. Changes to Dabai Fruit during Maturation Process; Agriculture Research Centre Semongok: Sarawak, Malaysia, 2006; pp. 1–3. [Google Scholar]

	



Faridah Hanim, S.; Prasad, S.K.N.; Amin, I.; Yuon, L.C.; Azrina, A. Antioxidant capacity of underutilized Malaysian Canarium odontophyllum (dabai) Miq. fruit. J. Food Compos. Anal. 2010, 23, 777–781. [Google Scholar]

	



Pin, C.H.; Daniel, N.; Mos, S.S. Phenolic and flavonoid contents and antioxidant activities of selected dabai (Canarium odontophyllum) genotypes. J. Trop. Agric. Food Sci. 2014, 42, 105–114. [Google Scholar]

	



Prasad, K.N.; Chew, L.Y.; Khoo, H.E.; Yang, B.; Azlan, A.; Ismail, A. Carotenoids and antioxidant capacities from Canarium odontophyllum Miq. fruit. Food Chem. 2011, 124, 1549–1555. [Google Scholar] [CrossRef]

	



Khoo, H.E.; Azlan, A.; Ismail, A.; Abas, F. Influence of different extraction media on phenolic contents and antioxidant capacity of defatted dabai (Canarium odontophyllum) fruit. Food Anal. Methods 2012, 5, 339–350. [Google Scholar] [CrossRef]

	



Chew, L.Y.; Prasad, K.N.; Amin, I.; Azrina, A.; Lau, C.Y. Nutritional composition and antioxidant properties of Canarium odontophyllum Miq. (dabai) fruits. J. Food Compos. Anal. 2011, 24, 670–677. [Google Scholar] [CrossRef]

	



Hoe, V.B.; Kueh, H.S. The nutritional value of indigenous fruits and vegetables in Sarawak. Asia Pac. J. Clin. Nutr. 1999, 8, 24–31. [Google Scholar] [CrossRef]

	



Umi Kalsum, H.Z.; Mirfat, A.H.S. Proximate composition of Malaysian underutilised fruits (Komposisi proksimat buah-buahan nadir Malaysia). J. Trop. Agric. Food. Sci. 2014, 42, 63–72. [Google Scholar]

	



Azlan, A.; Prasad, K.N.; Khoo, H.E.; Abdul-Aziz, N.; Mohamad, A.; Ismail, A.; Amom, Z. Comparison of fatty acids, vitamin E and physicochemical properties of Canarium odontophyllum Miq. (dabai), olive and palm oils. J. Food Compos. Anal. 2010, 23, 772–776. [Google Scholar] [CrossRef]

	



Faridah Hanim, S.; Azrina, A.; Amin, I.; Zulkhairi, A.; Lau, C.Y. Protective effect of pulp oil extracted from Canarium odontophyllum Miq. fruit on blood lipids, lipid peroxidation, and antioxidant status in healthy rabbits. Oxid. Med. Cell. Longev. 2012, 2012, 840973. [Google Scholar] [CrossRef]

	



Faridah Hanim, S.; Azrina, A.; Amin, I.; Zulkhairi, A.; Lau, C.Y. Antiatherosclerotic effect of Canarium odontophyllum Miq. fruit parts in rabbits fed high cholesterol diet. Evid.-Based Complement. Altern. Med. 2012, 2012, 838604. [Google Scholar] [CrossRef]

	



Khoo, H.E.; Azrina, A.; Nurulhuda, M.H.; Ismail, A.; Abas, F.; Muhajir, M.; Suri, R. Antioxidative and cardioprotective properties of anthocyanins from defatted Dabai extracts. Evid.-Based Complement. Altern. Med. 2013, 2013, 434057. [Google Scholar] [CrossRef]

	



Abdul Kadir, N.A.A.; Azlan, A.; Abas, F.; Ismail, I.S. Effect of defatted dabai pulp extract in urine metabolomics of hypercholesterolemic rats. Nutrients 2020, 12, 3511. [Google Scholar] [CrossRef]

	



Basri, D.F.; Saidi, N.; Mahari, H.; Saari, S.; Santhanam, J. Preliminary screening for antimicrobial activity of the pulp of Canarium odontophyllum Miq. (Dabai) fruit. Glob. J. Pharmacol. 2014, 8, 213–220. [Google Scholar]

	



Basri, D.F.; Fairuzishak, S.; Zin, N.M. Shell extract of seed from Canarium odontophyllum Miq. (dabai) fruit as potential source of antibacterial agent. Int. J. Pharm. Sci. Rev. Res. 2014, 28, 257–262. [Google Scholar]

	



Basri, D.F.; Mustari, N.F.; Zainul Alamin, Z.A.; Zin, N.M. Stem bark of Canarium odontophyllum Miq. (Dabai) as potential source of antimicrobial agent. J. Sains Kesihat. Malaysia 2017, 15, 1–6. [Google Scholar] [CrossRef]

	



Shamsuddin, N.A.M.; Basri, D.F.; Zin, N.M.; Raus, A.R.; Bakar, N.F.A. Analysis of two-dimensional gel electrophoresis map of methicillin-resistant Staphylococcus aureus treated with acetone extract from Canarium odontophyllum Miq. leaves. Am. J. Plant Sci. 2021, 12, 37–52. [Google Scholar] [CrossRef]

	



Ishak, S.A.; Fifi, F.A.; Adibah, S.Z.; Basri, D.F. Antimalarial activity of Canarium odontophyllum leaf extracts against erythrocytes infected with Plasmodium berghei NK65 using Plasmodium Lactate Dehydrogenase (pLDH) and SYBR Green 1 Fluorescence Assay. Lancet Infect. Dis. 2021, 1–23. [Google Scholar] [CrossRef]

	



Koczka, N.; Stefanovits-Bányai, É.; Ombódi, A. Total polyphenol content and antioxidant capacity of rosehips of some Rosa species. Medicines 2018, 5, 84. [Google Scholar] [CrossRef]

	



Arvaniti, O.S.; Samaras, Y.; Gatidou, G.; Thomaidis, N.S.; Stasinakis, A.S. Review on fresh and dried figs: Chemical analysis and occurrence of phytochemical compounds, antioxidant capacity and health effects. Food Res. Int. 2019, 119, 244–267. [Google Scholar] [CrossRef] [PubMed]

	



Basri, D.F.; Abdul Rahman, N.S.; Shaukat Ali, S.; Zainalabidin, S. The vasorelaxant effect of Canarium odontophyllum Miq. (Dabai) extract in rat thoracic aorta. Egypt. J. Basic Appl. Sci. 2018, 5, 75–79. [Google Scholar] [CrossRef]

	



Ariffin, S.H.; Shamsudin, S.; Tawakkal, I.S.M.A. Dabai fruit: Postharvest handling and storage. Adv. Agric. Food Res. J. 2020, 1, 1–12. [Google Scholar] [CrossRef]

	



Ishak, S.A.; Ariffudin, S.; Azmi, F.F.; Hamid, A.; Ibrahim, L.; Basri, D.F. In-vitro antileptospiral activity of Canarium odontophyllum Miq. (Dabai) leaves extract. Malays. J. Microbiol. 2019; 15, 220–225. [Google Scholar]

	



Bahaudin, N.H. Aiskrim Buah Dabai. Berita Harian, 8 November 2015; 10–11. [Google Scholar]

	



Abdul Rahman, M.N.; Thajudin, N.A.M. Product development of kembayau (Canarium odontophyllum) exotic fruit sauce. J. Trop. Resour. Sustain. Sci. 2015, 3, 19–28. [Google Scholar] [CrossRef]

	



Ghazali, A.N.M.; Shamsudin, R.; alil Amir, M.S. Development of dabai nutcracker. In Proceedings of the Konvensyen Kebangsaan Kejuruteraan Pertanian dan Makanan, Putrajaya, Malaysia, 21 March 2019. [Google Scholar]

	



Ahmad Jelani, N.A.; Azlan, A.; Khoo, H.E.; Razman, M.R. Fatty acid profile and antioxidant properties of oils extracted from dabai pulp using supercritical carbon dioxide extraction. Int. Food Res. J. 2019, 26, 1587–1598. [Google Scholar]

	



Abdul Kadir, N.A.A.; Azlan, A.; Abas, F.; Ismail, I.S. Quality of dabai pulp oil extracted by supercritical carbon dioxide and supplementation in hypercholesterolemic rat—A new alternative fat. Foods 2021, 10, 262. [Google Scholar] [CrossRef]

	



Chua, H.P.; Daniel, N. Pembangunan produk berasaskan buah dabai. Bull. Teknol. MARDI 2014, 5, 51–61. [Google Scholar]

	



Hassan, N.A.; Jun, C.H.; Fattah, A.; Razak, A.; Sabri, M.; Afandi, M. Physicochemical, microbiological and sensory properties of dabai cake. Borneo J. Sci. Technol. 2019, 1, 69–73. [Google Scholar]

	



Hassan, N.A.; Sabri, M.; Afandi, M.; Fattah, A.; Razak, A.; Jamalti, J.S. Characterization of dabai (Canarium odontophyllum Miq.) cookies. Borneo J. Sci. Technol. 2020, 2, 47–53. [Google Scholar]

	



Ing, T.S. Product Development of Mixed Fruit with Dabai Fruits (Canarium odontophyllum Miq.) and Watermelon (Citrullus lanatus). Bachelor’s Thesis, Universiti Malaysia Sabah, Kota Kinabalu, Malaysia, 2013. [Google Scholar]

	



Shamsudin, R.; Ariffin, S.H.; Abdullah, W.N.Z.Z.; Azmi, N.S.; Halim, A.A.A. Modelling the kinetics of color and texture changes of dabai (Canarium odontophyllum miq.) during blanching. Agronomy 2021, 11, 2185. [Google Scholar] [CrossRef]

	



Ahmad Jelani, N.A.; Azlan, A.; Ismail, A.; Khoo, H.E.; Alinafiah, S.M. Fatty acid profiles and antioxidant properties of dabai oil. ScienceAsia 2017, 43, 347–353. [Google Scholar] [CrossRef]

	



Hamzah, M.H.; Man, H.C.; Abidin, Z.Z.; Jamaludin, H. Comparison of citronella oil extraction methods from Cymbopogon nardus grass by ohmic-heated hydro-distillation, hydro-distillation, and steam distillation. BioResources 2014, 9, 256–272. [Google Scholar] [CrossRef]

	



Ali-Hassan, S.H.; Fry, J.R.; Abu-Bakar, M.F. Antioxidative phytochemicals and anti-cholinesterase activity of native kembayau (Canarium odontophyllum) fruit of Sabah, Malaysian Borneo. J. Nutr. Food Sci. 2014, 4, 1–6. [Google Scholar]

	



Azlan, A.; Ismail, A.; Ibrahim, M.; Faridah Hanim, S.; Khoo, H.E. Health-promoting properties of selected Malaysian underutilized fruits. Acta Hortic. 2013, 979, 203–210. [Google Scholar] [CrossRef]

	



Ding, P.; Diana, J. Physico-chemical changes in dabai (Canarium odontophyllum Miq.) fruit during modified atmosphere storage. Int. Food Res. J. 2013, 20, 3033–3040. [Google Scholar]

	



Lau, C.Y.; Fatimah, O. Cold storage of dabai fruit (Canarium odontophyllum Miq.): Effect of packaging methods and storage duration on quality. In Proceedings of the Sarawak Fruit Seminar, Sibu, Malaysia, 8–9 August 2007. [Google Scholar]

	



Hamzah, M.H.; Md Rahim, A.Z.; Maringgal, B.; Mohd Basri, M.S.; Ibrahim, S. Optimization of silk fibroin coating during storage using response surface methodology and its effect on the physicochemical properties of Solanum ferox (S. ferox). J. Food Meas. Charact. 2022, 1–17. [Google Scholar] [CrossRef]

	



Stone, H. Example food: What are its sensory properties and why is that important? NPJ Sci. Food 2018, 2, 11. [Google Scholar] [CrossRef] [PubMed]

	



Ministry of Agriculture and Food Industries Malaysia. Executive Summary National Agrofood Policy 2021–2030; Policy and Strategic Planning Division, Ministry of Agriculture and Food Industries: Putrajaya, Malaysia, 2021; pp. 1–30. [Google Scholar]

	



Dodero, A.; Escher, A.; Bertucci, S.; Castellano, M.; Lova, P. Intelligent packaging for real-time monitoring of food-quality: Current and future developments. Appl. Sci. 2021, 11, 3532. [Google Scholar] [CrossRef]

	



Maringgal, B.; Hashim, N.; Tawakkal, I.S.M.A.; Mohamed, M.T.M.; Hamzah, M.H.; Mohd Ali, M. Effect of kelulut honey nanoparticles coating on the changes of respiration rate, ascorbic acid, and total phenolic content of papaya (Carica papaya L.) during cold storage. Foods 2021, 10, 432. [Google Scholar] [CrossRef]

	



Mohd Ali, M.; Hashim, N.; Abd Aziz, S.; Lasekan, O. Pineapple (Ananas comosus): A comprehensive review of nutritional values, volatile compounds, health benefits, and potential food products. Food Res. Int. 2020, 137, 109675. [Google Scholar] [CrossRef]

	



Ministry of International Trade and Industry Malaysia. Industry 4WRD: National Policy on Industry 4.0; Ministry of International Trade and Industry: Kuala Lumpur, Malaysia, 2018; pp. 1–69. [Google Scholar]

	



Brooke, P.; Yuan, L.C.; Razili, R.M. Experience in commericialising Canarium Odontophyllum Miq: A potential superfruit of Sarawak. In Proceedings of the International Symposium on Superfruits: Myth or Truth, Ho Chi Minh City, Vietnam, 1–3 July 2013. [Google Scholar]

	



Kolade, O.; Adegbile, A.; Sarpong, D. Can university-industry-government collaborations drive a 3-D printing revolution in Africa? A triple helix model of technological leapfrogging in additive manufacturing. Technol. Soc. 2022, 69, 101960. [Google Scholar] [CrossRef]








[image: Plants 11 02646 g003 550] 





Figure 3. Potential health benefits of dabai. 
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Table 1. Nutritional values of dabai.






Table 1. Nutritional values of dabai.





	
Nutritional Values

	
Dabai Part

	
Findings

	
References






	
Antioxidant and Nutritional Values

	
Peel

	
Major source of natural antioxidants

	
[30,31]




	
Peel and Pulp

	
High concentration of carotenoids

	
[32]




	
Contains total phenolic content, i.e., gallic acid, catechin, epigallocatechin, ellagic acid, and flavonoid

	
[31,33]




	
Pulp

	
Contains minerals, i.e., calcium, sodium, potassium, magnesium, and phosphorus

	
[34,35]




	
High in energy, protein, and total amino acids, i.e., aspartic and glutamic acids

	
[34,35,36]




	
Alternative Fat

	
Pulp

	
Low in moisture content but high in fat

	
[35,36]




	
The most abundant fatty acids are oleic, linoleic, and palmitic

	
[37]




	
Good source of unsaturated fatty acids

	
[20]




	
Pulp and Kernel

	
Able to boost the lipid profile

	
[38,39,40]




	
Pulp

	
Able to lower cholesterol and protect cells from damage

	
[38,39,40]




	
Contains low amount of peroxide values and free fatty acids

	
[41]




	
Antimicrobial Properties

	
Pulp

	
Effective against Candida glabrata

	
[42]




	
Seed

	
Promising antibacterial against infections associated with Acinetobacter baumannii and Proteus mirabilis

	
[43]




	
Stem Bark

	
Antimicrobial effect on Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC 6633, Escherichia coli ATCC 25932, Pseudomonas aeruginosa ATCC 27853, Acinetobacter baumannii strain sensitive, Candida albicans ATCC 64677, Candida glabrata ATCC 90028, Aspergillus niger, and Fusarium solani M2781

	
[44]




	
Leaf

	
Potentially leading to the identification of a target protein for future novel therapeutic development against methicillin-resistant Staphylococcus aureus infections.

	
[45]




	
Antimalarial agent

	
[46]
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Table 2. Effect of the CaCl2 content and type of reagent on the amplitude of contraction.
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Reagent

	
CaCl2 Content (mM)

	
Amplitude of Contraction (%) for Control

	
Amplitude of Contraction (%) by the Presence of Dabai






	
Phenylephrine (PE)

	
0.3

	
0

	
0




	
1

	
26.9

	
61.9




	
5

	
60.3

	
60.3




	
10

	
100

	
100




	
Potassium chloride (KCl)

	
0.3

	
0

	
0




	
1

	
73.0

	
31.7




	
5

	
88.9

	
100




	
10

	
100

	
31.7
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Table 3. The potential food-based and waste-processing products related to dabai.
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Dabai Part

	
Potential Uses

	
References






	
Pulp

	
Ice cream

	
[52]




	
Peanut spread

	
[23]




	
Sauce

	
[53]




	
Seed

	
Nut

	
[54]




	
Biocarbon

	
[27]




	
Pulp and seed

	
Cocoa bar

	
[9]




	
Essential oil

	
[12,38,55,56]




	
Pulp and peel

	
Juice, mayonnaise, dried fruit, crackers, pickle, sauce

	
[57]




	
Fermented dabai

	




	
Cake

	
[58]




	
Cookies

	
[59]




	
Pulp, peel and seed

	
Dried dabai

	
[20]
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Table 4. Extraction method and parameters for essential dabai oil.
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Extraction Method

	
Parameters

	
References






	
Ultrasound-assisted solvent extraction

	
Sample condition: Seed

	
[16]




	
Amount of sample: 5 g




	
Amount of solvent: n-hexane to kernel powder: 50:1 in mL/g




	
Solvent: n-hexane




	
Extraction time: 45.79 min




	
Ultrasound amplitude level: 38.30%




	
Solvent extraction

	
Sample condition: Dried pulp and seed

	
[37]




	
Amount of sample: 2 g




	
Amount of solvent: N.S.




	
Solvent: Petroleum ether




	
Extraction time: 4 h




	
Sample condition: Dried pulp

	
[38]




	
Amount of sample: 100 g




	
Amount of solvent: Chloroform:methanol (2:1, v/v) at a ratio of 1:5 (w/v)




	
Solvent: Chloroform, methanol




	
Extraction time: N.S.




	
Sample condition: Dried pulp or seed

	
[12]




	
Amount of sample: 100 g




	
Amount of solvent: Chloroform:methanol (2:1, v/v)




	
Solvent: Chloroform, methanol




	
Extraction time: N.S.




	
Sample condition: Dried pulp, peel, and seed

	
[8]




	
Amount of sample: 10 g (homogenized)




	
Amount of solvent: 180 mL




	
Solvent: Petroleum ether




	
Extraction time: 10 h




	
Sample condition: Dried pulp

	
[13]




	
Amount of sample: 100 g




	
Amount of solvent: Chloroform-methanol-water (2:2:1.8 v/v) mixture




	
Solvent: Chloroform-methanol-water




	
Extraction time: 12 h




	
Sample condition: Dried skin, pulp, and seed

	
[7]




	
Amount of sample: 100 g for each fraction




	
Amount of solvent: N.S.




	
Solvent: n-hexane




	
Extraction time: N.S.




	

	
Sample condition: Dried pulp (powder was no less than 0.2 mm in diameter)

	
[25,41]




	
Amount of sample: 62.46 kg




	
Extraction time: N.S.




	
Pressure: 40 MPa




	
Temperature: 40 °C




	
CO2 flow rate: N.S.




	
Supercritical CO2 extraction

	
Sample condition: Dried pulp and peel

	
[55]




	
Amount of sample: 8 g




	
Extraction time: 30–60 min




	
Pressure: 20–50 MPa




	
Temperature: 40–60 °C




	
CO2 flow rate: 2 mL/min




	
Sample condition: Dried pulp

	
[56]




	
Amount of sample: 48.92 kg




	
Extraction time: N.S.




	
Pressure: 40 MPa




	
Temperature: 40 °C




	
CO2 flow rate: N.S.




	
Sample condition: Dried pulp (powder was no less than 0.2 mm in diameter)

	
[6]




	
Amount of sample: N.S.




	
Extraction time: N.S.




	
Pressure: 40 MPa




	
Temperature: 40 °C




	
CO2 flow rate: N.S.




	
Sample condition: Dried pulp (powder was no less than 0.2 mm in diameter)

	
[5,9]




	
Amount of sample: N.S.




	
Extraction time: 2 h




	
Pressure: 40 MPa




	
Temperature: 40 °C




	
CO2 flow rate: 15 g/min, 30 min static duration








Note: N.S.—not stated.
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